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- List of modified sedions

The following table mntains the list of the sedions which have been modified in the airrent
revison d the TN with resped to Issue 3 and the description d the main modificaions in eath

sedion.

Sedion M ain modifications

2.1 RETR PT Updated cdlsto the modified routines

2210 GUESSPAR PT Modified interface updated cdlsto mwcont pt and ficarra pt

2211 FWDMDL PT Updated cdlsto the modified routines

22111 MKPLEV_PT Added intiali sation of variable ifail s

2.2.11.11 CROSS PT Use of ‘compressed’ grid implemented, modified interface

2.2.11.18 SPECTRUM_PT Modified interface use of ‘compresed’ grid and dred interpolation /
convolution implemented.

2212 ABCALC PT rb ---> rbt and run-time optimisations.

2215 NEWPAREST PT rb ---> rbt and re-organisation of the do-loogs.

2216 UPDPROF PT Modified interface updated cdlsto mwcont pt and ficarra pt

2219 OUTPUT PT Added cdl to cont_char pt

2226 MWCONT_PT The description has been improved, added cdculation of Icomat,
modified interface

2227 FICARRA_PT The description has been improved, changed interpolation method,
modified interface

2228 JACLOSCALC The module structure has been simplified

2230 READ IRRGRID PT Added cdculation of variables nusedl, rsan and ili m; modified interface

2231 READ_LOOKUP_PT Storage of the look-up tables on the ‘compressed’ grid, storage of tab,
modified interface

2232 DECOMPR PT Handling of diff erent kinds of tabulation for the LUTSs.

2234 CONT CHAR PT New module for retrieved continuum parameters charaderisation

23 Variablesand perameters... Added the new parameter imxsi2 and the new variables: iigrid, igridc,
ilim, Iccmat, nusedl, rsan, tab. Changed dmension of ru, rcross
rcrosgert.

3.1 RETR VMR Updated cdlsto the modified routines

3210 GUESSPAR VMR Modified interface updated cdlsto mwcont vmr and ficarra vmr

3.211.16 CROSS VMR Use of ‘compressed’ grid implemented, modified interface

3.211.26 SPECTRUM_VMR Modified interface use of ‘compresed’ grid and dred interpolation /
convolution implemented.

3212 ABCALC VMR rb ---> rbt and run-time optimisations.

3215 NEWPAREST VMR rb ---> rbt and re-organisation of the do-loogs.

3216 UPDPROF VMR Modified interface updated cdl to ficarra pt

3219 OUTPUT VMR Modified interface added cdl to cont_char vmr

3.233 CONT CHAR VMR New module for retrieved continuum parameters charaderisation

33 Variablesand perameters... Added the new parameter imxsi2 and the new variables: iigrid, igridc,
ilim, lccmat, nusedl, rsan, tab. Changed dmension of ru, rcross

Routines spe_int_pt.f and spe_int_vmr.f have been dropped from the ORM_ABC V1.1 code and
their description have been replaced by the description d the new routines cont_char_pt.f and
cont_char_vnr.f insedions2.2.34and 3.2.3%espedively.
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- Introduction

MIPAS (Michelson Interferometer for Passve Atmospheric Soundng) is an ESA developed
instrument to be operated onBoard ENVISAT-1 as part of the first Polar Orbit Earth Observation
Misgon pgrogram (POEM-1). MIPAS will perform limb soundng observations of the amospheric
emisgon spedrum in midde infrared region. Concentration profiles of numerous tracegases can be
derived from MIPAS observed spedra.

Acoording to the aurrent baseline ESA data processng will routingly retrieve from MIPAS
measurements atitude profiles of atmospheric pressure and temperature (p,T), and d volume
mixing ratio (VMR) of five high priority spedes (O3, H,O, HNO3, CH, and N,O). The retrieval of
these parameters from cdi brated spedra (Level 1b cata) is performed by the Level 2 processor.
Level 2 procesdng is expeded to be a citicd part of the Payload Data Segment (PDS) because of
baoth the long computing time that may be required and the need for a vali dated algorithm cgpabl e of
produwcing acarrate and reli able results.

The study for the "Development of an Optimised Algorithm for Routine P, T and VMR Retrieva
from MIPAS Limb Emisson Spedra" is meant to provide ascheme for Level 2 analysis, suitable
for implementation in ENVISAT PDS and opimised for the requirements of speed and acarracy.
The result of the study will be used by industry as an inpu for the development of the industrial
prototype of Level 2 code.

In this document the software achitedure and algorithms of Level 2 scientific code ae described
following the guidelines provided by ESA. The descriptions are given bah the Optimised Forward
Moded (OFM) and the Optimised Retrieval Model (ORM).

- Purpose of the document

The purpose of this document isto define achitedure and algorithms of level 2 scientific processor.
The document shoud provide sufficient informationin order to fully understand the functionality of
the diff erent modu es constituting the scientific code deli vered to ESA.
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- Applicable and referencedocuments

The gplicable and reference documents of the present technicd note aelisted below.

Applicable documents:

No Document Issue Title

AD 1 | PO-TN-BOM-GS-0010 1 MIPAS Inpu/Output Data Definition

AD 2 | PO-RS-ESA-GS-0177 1 MIPAS Level 2 Processng Inpu/Output Data
Definition

AD3 | PRTN-ESA-GS-0009 3.1 ENVISAT Payload to Target Parameters
Calculation Software Interface ad Install ation
Guide

AD4 | PPFTN-ESA-GS-0006 3.1 ENVISAT Orbit Propagator

AD5 | PO-TN-ESA-GS-0242 5.0 ENVISAT-1 Product Format Guidelines

AD6 | TN-IROE-RSA9601 2 Highlevel algorithm definition on phgicd and
mathematicd optimisations

AD7 | TN-IROE-RSA9501 4 High Level Software Architedure and Retrieval
Modues Interfaces

Reference documents:
No Document Issue Title
RD1 | PO-RS-DOG-GS-0001 draft MIPAS Level 2 Procesor Prototyping,
Software Reguirements Document
RD2 2 W.H.Presset dl: ‘Numericd Redpesin
FORTRAN’ Sedcondedition (1992
RD3 | PO-TN-OXF-GS-0010 ? Generation d Optimised Spedral Grids
RD4 | PO-TN-OXF-GS-0011 ? Generation d compressed look-up tables
- Acronyms

The aconyms used in the present technicd note ae listed below:

AILS Apodzda Instrument Line Shape
FOV Field Of View

HW Half Width

ILS Instrument Line Shape

PDS Payload Data Segment

UTC Universa Time Coordinated

VC Variance- Covariance

VCM Variance Covariance Matrix
VMR Volume Mixing Ratio

ZPD Zero Path Difference

r.u. Radiance Units: nW / (cm’* sr* cm™)

MW Microwindow
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1. Level 2 scientific processor

The final goal of Level 2 scientific processor is to retrieve amospheric presaure and temperature
distributions and Volume Mixing Ratio (VMR) profiles of the five high piority chemicd spedes
measured by MIPAS. The mde performs s$x retrievals. the first is cdled p, T retrieval, the other
five retrievals are cdled VMR retrievals and are performed by the same VMR retrieva modue.
VMR retrievals must be performed after the p,T retrieval has been completed..

In the ORM code Vers.2 (and later versions), the six retrievals are performed by a single main
program which contains the cdls to p,T and VMR retrieval modues. The adua sequence of
operationsis shown in the logica scheme reported in Fig. 1. The time sequence of the six retrievals
is established bythe need of exchanging theinternal data sets described in Sed. 2.1.4 ¢ AD?7.

Externally provided Level 1b
apodised spectra and auxiliary data

p,T retrieval

VMR retrieval
H,O

VMR retrieval
O,

VMR retrieval
HNO,

VMR retrieval
CH,

VMR retrieval
N,O

P I

SR BE DR

Main products and
annotation data

Fig. 1 Logicd scheme of the ORM.

vlep Are[[oue
puUE [BUIIXY

This squence of operations, in the scientific code, is caried-out by the main program modue
named ‘orm.f'. Heredter we report the FORTRAN code of this modue. The source is <if
explanatory, thanks to the mmments within the lines. Please nate that this modue is also used to
read from the eavironment the variable defining the locaion d 1/O diredories.
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program orm
implicit none

logicd lifptwassicc

charader siod* 80, sidir*90, sodir*90
integer*4 iod

common/iopaths/ sidir,sodir,iodl

* Reals the location of I/O diredories from the environment
* variable ORM_IODIR and performs ome diedksonit:

cdl getenv ("ORM_IODIR",siod)
iod =index(siod," ")-1 I computes the length of ‘siod
if (iod.gt.80) then
write(*,*)' --- FATAL ERROR in main orm ---'
write(*,*)'Path of the I/O diredoriestoolong !
stop
end if
if (sod(iod:iod).ne.'l") then
write(*,*)' --- FATAL ERROR in main orm ---'
write(*,*) The environment variable ORM_IODIR'
write(*,*)'must end by /*
stop
end if
sidir = siod(L:iod)//'INP_FILES
sodir = siod(L:iod)//'OUT_FILES'
iod =iod + 10
*
* gidir = full name of the Input direcory,
* sodir = full name of the Output direcory,
* jod = number of charaders of sidir and sodir
*
write(*,*)'ORM input diredory =',sidir(1:iodl)
write(*,*)'ORM output diredory = ',sodir(1:iodl)
*
* Removes out-dated dump files:
write(*,*)'Removing out_dated dump files ...
cdl system(‘'rm‘//sidir(1:iodl)//*_dump.dat’)
cdl system('rm‘//sodir(L1:iodl)//*_dump.dat’)
write(*,*)'Done I!"
*
* Runsp,T retrieval:
cdl retr_pt(lifptwassicc)
*
* lifptwassuicc= TRUE --->p,T retrieval was siccessul
* lifptwassucc = FALSE ---> p, T retrieval was unsuccessul
* if p, T retrieval was unsuccesul the ORM stops (the operational code has to jump to next scan)
if (.not.lifptwasaicc) then
write(*,*) 'p,T retrieval was not successul,'
write(*,*) 'VMR retrievalswill not be performed'
stop'p, T retieval was unsucces<ul!!"
end if
* Copiesp,T retrieved profilesin the ORM input diredory
cdl system(‘cp //sodir(1:iodl)//'pt_dump.dat //sidir(L1:iod)//'pt_dump.dat’)

* Runs H20 retrieval:
cdl retr_vmr(1)
* Copies H20 retrieved profile in the ORM input diredory
cdl system(‘cp //sodir(1:iodl)//'h20_dump.dat ‘//sidir(1:iodl)//'h20_dump.dat’)
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* Runs O3 retrieval:
cdl retr_vmr(3)
* Copies O3 retrieved profile in the ORM input direcory
cdl system(‘cp //sodir(1:iodl)//'03__dimp.dat ‘//sidir(1:iodl)//'03__dimp.dat’)

* Runs HNO3 retrieval:
cdl retr_vmr(12)
* Copies HNO3 retrieved profile in the ORM input direcory
cdl system(‘cp //sodir(1:iodl)//'hno_dump.dat "//sidir(1:iod)//'hno_dump.dat’)

* Runs CH4 retrieval:
cdl retr_vmr(6)
* Copies CH4 retrieved profile in the ORM input direcory
cdl system(‘cp //sodir(1:iodl)//'ch4d_dump.dat //sidir(L:iod)//'ch4_dump.dat’)

* Runs N20 retrieval:
cdl retr_vmr(4)

* All the required retrievals have been completed !"
end

2. Softwar e architedure and algorithmsof p,T retrieval scientific code

In this sdion the software achitedure and the dgorithms used in p,T retrieval modue ae
spedfied. Sedion 2.1showsthe high level flow diagram of the cdl s between main modues and the
detail ed cdling tree The treeof cdls of ead modue, its I/O data and the dgorithms are described
in sedion 2.2.Sedion 2.3contains a description d parameters and variables used by the modues
constituting p,T retrieval.

2.1 High level flow diagram of calls

Fig. 2 shows the high level flow diagram of cdls of the p,T retrieval modue. Each bax corresponds
to asingle main modue of the program. The FWDMDL_PT modue is however an exception and it
contains more than ore main modue.
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FINPUT PT

. Some injtialisations
SINVCAL PT
I
SINVCAL_ MW _PT

| |
| ‘ |
| OCCUSIM_PT |
| |
| |
| |
| |

TCGEO_PT

CHBASE_PT
AILS PT

GRID_PT

READ_IRRGRID PT
(used only if lirrgrid =TRUE)

READ_LOOKUP_PT

(used only if lookupc = TRUE)
| GUESSPAR_PT |

JACLOSCALC
(used only if lextinf]l = TRUE)

| FWDMDL_PT |
T

| ABCALC_PT |

| DIFCHI_PT |

——» DO ITERG=1,IMXITERG

—>» DO ITERM=0,IMXITERM

| AMODIF_PT |
| AINVCAL_PT |
| |
| |

NEWPAREST_ PT

UPDPROF_PT

JACLOSCALC
(used only if lextinf] = TRUE)

| FWDMDL_PT |
| DIFCHI_PT |

IF ITERM=0 THEN
| CONVCHK_PT

v

IF CONVCHECK=TRUE THEN

IF(x2(ITERG)<y2(ITERG-1)) THEN

ABCALC_PT

A=A/rlambdadiv
GOTO END DO ON ITERG
ELSE
A=A*rlambdamult
END IF
L——END DO ON ITERM
Error: "TOO MANY MARQUARDT ITERATIONS"
lifwassucc = FALSE
RETURN
END DO ON ITERG

Fig. 2 High Level flow diagram of p-T retrieval module

ITERM=0
\

ABCALC_PT

1
JACLOSCALC
(used only if lifend = TRUE)
I

AINVCAL_PT
I

NEWPAREST PT
[

UPDPROF_PT
I

VC_HEIGHTCORR

OUTPUT PT

v
END PT RETRIEVAL
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The operations described in the flow diagram of Fig.2 are caried-out by the program modue
‘RETR_PT’. Heredter, the cdli ng treeof this modue is described. The meaning of treesymbalsis
1.

==>termina nockein thetree
==> externa procedure
==>suhtreenode, expanded below
==>multiply cdled termina node
==> procedure cdli ng only externals
? ==>modueisin IF clause
( ==>moddeisin DO loop

* -

— 4+ V

RETR_PT ]
l-—INPUT_PT *
l----SINVCAL_PT *
l----SINVCAL_MW_PT *

|----GRID_PT *
[----READ_LOOKUP_PT*
[>----READ_IRRGRID_PT*
|----GUESSPAR PT *
[?----JACLOSCAL C*
|----FWDMDL_PT *
|----ABCALC_PT *
|----DIFCHI_PT *
((---AMODIF_PT *
((---AINVCAL_PT *
((---NEWPAREST_PT *
((---UPDPROF_PT *
((?--JACLOSCALC*
((---FWDMDL_PT *
l((>--DIFCHI_PT *
[((?--CONVCHK_PT *
((---ABCALC_PT *
((---OUTPUT_PT *
((?--JACLOSCALC*
((---ABCALC_PT *
((---AINVCAL_PT *
((---NEWPAREST_PT *
|----UPDPROF_PT *
|----VC_HEIGHTCORR*
|----OUTPUT_PT *

The complete structure of ‘retr_pt’ is described in Fig. 3. Frames drawn with a continuots line
represent the main modues, i.e source(.f) and oljea (.0) files. Outlined frames refer to submodues

! This gructure dhart is an ouput of the freeware floppy and flow programs developed by Julian J.
Bunnat CERN Computer Centre
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contained in ore of the main modues. For a detailed description d program modues e sedion
2.2.




1d dIIS

ajnpow eAslR. | -d Joainonisap|dwo) € B4

P ild WNANL ¥ {Ld LOHdS |

Ld TOAM

{14 Q0dV ¥ | {Ld LDAITN | { ld SVOIN

1d 1NdLNO

ALIAVID

Ld ZWNOUALd ——— —

I1d LNdNI

LdINIE | | Ld ITAOH |

LROTHD | | LOININ | | L4 INISE |14 30010d

4 aNea0010d} | WOTo0d | | 1d 00101 |

Ld ONIH¥A: Ld SdWISD |

Ld 4dN0oDad

Ld €AO 1d ANOD

Ld SSO¥D 7 Tmltoooi Tmlooom:ui 7 Ld INIOd

7 Tn_uwﬁv\oi Tmu/m.iv:i 7 Ld AOd nmmosz

Tn_\kcz._.m_mu,i Tmlgbm._bm_mmi

Ld 11900V

7 YYOOLHOIEH DA

. Ld XANDA

| T ﬁ ..............

Ld M TVDANIS

Ld OSIHO

T.m HZOUBHZ* T.m <‘MM<UE7 Tlm INIDOT 7 1d T4NOo4

Tm\.zu\/zi 7 Ld 03D0L :ElpmmméamiTm\&ooz<7 7 Ld THO4IA 7

qv T\VEW%, T_\.EEQSL meu\ﬁmmmzoi 7 Ld Ao 7

Ld suv 7 T&lm_m,«m_toi Tkm\mOMmDmDi Tm\vﬁmDuuoi Tm\q<u>2~m7

JTVOSOTOVI

1d dNO0T avay

| L4 aniowur avay —{ N xa |

Ld ¥1ay

G6E/ 9T Sbed Z0/20/L0 =1ed
€ Prss|
2096VS¥-30d I-NL ©'N 90Q Boud

elpads UOSSIWT qwiT
SVdIW Woly ereLey HINA pue L ‘d auinoy 30dI @
Joj wyyobly pesiwndp ue jo juewdopred




@) IROE

Development of an Optimised Algorithm for Routine p, T
and VMR Retrieval from MIPAS Limb Emisson Spedra

Prog. Doc. N.: TN-IROE-RSA9602
Issue: 3

Date: 07/02/02 Page 17/392

Sincein the ‘RETR_PT’ modue performs also some initialisations and aher operations which are
margina with resped to the flow of the cdls, we report here the detail s of the dgorithms contained
in RETR_PT modue.

Variables echanged with external modules

The INPUT_PT routine whichiscdled by RETR_PT at the beginning of the flow, reads and sets-up
al the program variables used by the different program modues. The variables are passed from
INPUT_PT to RETR_PT through common statements.

Detail ed description

We report heredter an extrad of the FORTRAN source @de of RETR_PT modue, where the
performed operations are explained in detail . Please note that the program lines included whithin the
‘speda’ comment lines ‘* +++++++++++++++++ are not to be included in the level 2 prototype
code because ae used orly for debugging purposes.

subroutine retr_pt (lifwassicc)
implicit none
include 'parameters_pt.inc'

*

Dedaration of variables and common statements foll ow (seethe source @dein retr_pt.f).
*
* Readsinput files:
rdtime = etime(rtar)
write(*,*)'before input'
cdl input_pt
rdtime = etime(rtar)
write(*,*)'E_Time dter input_pt (s) =" rtar(1)+rtar(2)
*
* Reads the environment variable TEP which establi shes
* whether thisis atest runfor writing-out variables at the TEPS:
cdl getenv('TEP'step)

if (lextinf1) then
write(*,*)'Using a-priori LOS info during the retrieval’
lifend = .false.

end if

if (lifend)

& write(*,*)'Using a-priori LOS info after the retrieval'

write(* *Ylfit = (Ifit(j),j=L,ili mb)

write(*,'(/a)")'lokku ="
doj=1,ilimb
write(*,*) (lokku(j,k),k=1,nselmw)
end do
*
* Some initi ali sations:

*

lifwassucc = .true. I'p,T retrieval isasaumed to be successul at the beginning
rlambda=rlambdain ! initial value of Marquardt damping facor

rdt=2.D0 I temperture increment for cdculation of derivatives wrt temperature
iterg=0 I initi ali sation of gaussiterations index

*

* |niti ali sation of the instrumental off set
dok=1,nselmw
roff s(k)=0.D0
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end do
* initial guesstangent altitudes
doj=1,imxgeo
rztanginit(j)=rztang(j)
enddo

write(*,*)'Current latitude (deg.) = ',rlat

** ** ** ** ** *% *% *% ** *% *% *% *%

* Atmospheric continuum profil es are scded and set to zero where

* required:

dok=1,ipro

if (rzprof(k).gt.rzc0) then
doj=1,nselmw
rcprof(k,j) = 0.D0
end do

else
doj=1,nselmw
rcprof(k,j)=rcprof(k,j)*1.D30
end do

end if

end do

** ** ** ** ** ** ** ** *% ** *% *% *%

* Setup of upper continuum limit (nucl) and umbrellaradius:
*

nucl =0
doj=1,ilimb
if(rztang(j).ot.rucl.and.rucl.ge.rztang(j+1)) nucl=j
end do
write(*,'(af5.2,2x,i4,2x,f5.2)")
& 'rucl, nucl, rperc =",rucl,nucl,rperc
* b+

* Please note that thisis only a re-initi ali sation which is not
* to be performed in the operational code:
doj=1,nselmw
dok=L,ilimb
rconint(k,j) = 10.D0
end do
end do
* bt
* bt
* writing into a file for plotting continuum profil es:
open(50,file=sodir(1:iod)//'pt_rcprof_ref.dat’,
&  status='unkrown’)
doj=1,ipro
write(50,'(25e20.5)" Y)rpprof(j),(rcprof(j k) k=1,nsel mw)
end do
close(50)
* bt
write(* ,*)'before sinved'
cdl sinvcd_pt(rapodnapodrzerof,rapod_sigma,nail sdp,
& rvcmobinvopt)
write(* ,*)'before sinved_mw'
cdl sinvcd_mw_pt(rapod_sigma,nail sdp,rvcmobinvopt,
& nsel mw,nsam,rzerof ,rvcmobinv)
*
* TEP_O1_PT
if(step.eg.'test’)
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& cdl tep_01_p(nselmw,nsam,rvemobinv)

write(* ,*)'before occusim'

cdl occusim_pt(rztang,ili mb,imaingas,| okku,nselmw,Ifit,
& rbase,rzsi,nsam,igeo,lfitgeo,ipar,iocsim,ili mbmw,
& irowmw,iobs,rzpar)

write(*,*)'Before tcgeo'
cdl tcgeo_pt(Ifitgeo,ipar,igeo,lfit,ili mb,nucl,
& igeotder,igeocder)

write(*,*)'before thbase'
cdl chbase pt(rzprof,rtprof,rpprof,rvmrprof,rcprof,ipro,igas,
& nselmw,rztang,ili mb,rzpar,ipar,rlat,|fit,

& rzbase,rtbase,rpbase,rvmrbase, rchase,ibase,| parbase)
*

*
* bbb+
open(44,file=sodir(L:iod)//'pt_inguesdb_ztp.dat',
& status="'unkrown')
doj = l,ibase
write(44,'(3e15.5)")rzbase(j),rthase(j),rpbase(j)
end do
close(44)
open(46,file=sodir(1:iod)//'pt_inguess ztang.dat',
& status="'unkrown')
open(45,file=sodir(1:iod)//'pt_inguess ptang.dat’,
& status="'unkrown')
doj =1,limb
write(46,)j,rztang(j)
write(45,'(i5,e15.5)")j,rpbase(ibase-1-ili mb+j)
end do
close(46)
close(45)

open(50,file=sodir(1:iod)//'pt_rcbase_ing.dat',
&  status='unkrown’)
doj=1,ibase
write(50,'(25e20.5)")rpbase(j), (rcbase(j,k) ,k=1,nsel mw)
end do
close(50)

* bbb+
*

*
write(* ,*)'before fail s
cdl fails_pt(nselmw,nail sdp,nrd,rail s,delta,dstep,ril s,jiadd,
& nil s,rintil s)

write(*,*)'before grid'
cdl grid_pt(nselmw,nsam,nrd,dstep,ifspmw,
& iadd,delta,ili ne,dsili n,ioutin,isigma,dsigma)

rdtime = etime(rtar)
rl = rtar(1)+rtar(2)
if (lirrgrid) then

write(*,*)'before read_irrgrid'

cdl rea_irrgrid_pt(li rrgridmw,smw,nselmw,
& dsigma,isigma,delta,nrd,igeo,iigrid,
& cint,igridc,nused,rsan,ilim,ril s,
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& nil s,nsam)
else
doimw=1,nselmw
li rrgridmw(imw)=.false.
end do
end if
rdtime = etime(rtar)
rl = rtar(1)+rtar(2) - rl
write(*,*)'E_Time required for read_irrgrid (): ',r1

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)

write(*,*)'E_Time before read_lookup (s): ',r1

write(*,*)'before read_lookup'

if (lookupc) cdl read_lookup_ pt(il ookupmw,Imgas,smw,nsel mw,

& igasmw,igashi,igasnr,dsigma,isigma,
& nll,npl,rpd,rdpl,ntl,rtll,
& rdtl,ru,rkl,iigrid,li rrgridmw,tab)

rdtime = etime(rtar)
rl = rtar(1)+rtar(2) - rl
write(*,*)'E_Time required for read_lookup (s): ',rl

write(*,*)'before guesgar'

cdl guesgar_pt(rzbase, rtbase,rpbase,rchase,ibase,nselmw,rlat,
& rzpar,ipar,rztang,ili mb,Ifit,lokku,l parbase,rperc,rconint,
& rxpar,itop,icontpar,rjacon,isaved,dstep,nsam,

& ifspmw,nucl,Icfit,|ccmat,ifco)

if(lextinf1) cal jadoscdc(rxpar,ili mb,ipar,itop,rztang,

& rlat,rjados)
*
* TEP_02_PT:
if(step.eg.'test’)
& cdltep_02_p(ibase,igeo,ipar,igas,ilimb,itop,

& nselmw,igasmw,isigma,igeocder,igeotder,rzbase,
& rtbhase, rpbase,rchase,rvmrbase rztangrzs [fit,
& Ifitgeo,lokku,iocsim,rxpar)

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)

write(*,*)'E_Time before first cdl to fwdmdl_pt (s): ',r1
write(* ,*)'before fwdmdl'

cdl fwdmdl_pt(rzsi,igeo,rzbase,rtbase,rpbase,rvmrbase,
rcbase,ibase,rulatm,rwmolref,dsigmo,
rhwOref,rmaxtvl,rmaxtv2,rzt12 rhwvar,
igas,rexphref rinczredfad,rlat,
Ifitgeo,rdt,|parbase,nsel mw,iept,rearad,
deps,isigma,dsigma,delta,iocsim,igasmw,
ruplin,rlolin,ili ne,icode,rint0,rel ow,rhwO,
dsili n,ioutin,igasnr,rexph,rwmol,igashi,

ii so,ninterpal,nsam,nil sril s,rintil s,nrd,
iadd.,ili mbmw,lokku,nucl,ili mb,igeocder,
igeotder,rjacmn,roff s,rbase,rd ,icontpar,
ipar,irowmw,

il ookupmw,Imgas,smw,nll,npl,
rpd,rdpl,ntl,rt1l,rdtl,ru,rki tab,
rjacb,rspfov,iigrid,cint,lirrgridmw,
igride,nused,rsan,ili m)

rdtime = etime(rtar)

Ro Ro Ro RoRoRoRoRoRoRRR R R RO
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rl = rtar(1)+rtar(2) -r1
write(*,*)'E_Time required for fwdmdl_pt (s): ',r1

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)

write(*,*)'before ecdc_pt'

cdl abcdc_pt(rjacob,rvcmobinv,ra,rbt,iobs,

& itop,nselmw,ili mbmw,nsam,rnoise,ili mb,lokku,

& rjados,ipar,rinvclos,lextinfl,rbloslifend,.FALSE.)
rdtime = etime(rtar)

rl = rtar(1)+rtar(2) -r1

write(*,*)'E_Time required for abcdc_pt (s): ',r1

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)

write(* ,*)'before difchi’

cdl difchi_pt(iobs,itop,robs,rspfov,rvemobinv,rnoise,

& nsam,nselmw,ili mb,lokku,
& ili mbmw,iterg,rnres,rchisq,rchisgp,
& rztang,rdzeng,lextinf1,rnreslos,rinvclos)

rdtime = etime(rtar)
rl = rtar(1)+rtar(2) -r1
write(*,*)'E_Time required for difchi_pt (s): ',rl

write(*,*)'Retrieval of: p,T'

write(*,*)'iterg,rchisg=",iterg,rchisg(iterg)

rdtime = etime(rtar)

write(*,*)'E_Time before starting iterations (s): ',
& rtar(1)+rtar(2)

* Begin of the do-loop an macro-iterations
do 10iterg=1,imxiterg

rdtime = etime(rtar)
rtit = rtar(1)+rtar(2) ! initialisation of E_Time per iteration

write(*,'(/la/al))cl,cl
write(*,'(a,i2/)")'Starting GAUSSmaao-iteration N. ',iterg
write(* ,*)'iterg=",iterg

* Begin of do-loop o micro-iterations
*
do 20iterm=0,imxiterm

write(*,'(ai3)")'Macao-iteration N. ',iterg
write(*,'(a,i2)")'Marquardt micro-iteration index: '
& Jiterm

write(* ,*)'iterm="jiterm
write(*,'(a,€10.3)")'Lambda = ',rlambda

rdtime = etime(rtar)
rl = rtar(1)+rtar(2)
write(*,*)'before anodif_pt'
cdl amodif_pt(ra,rlambda,itop,ipar,icontpar)
rdtime = etime(rtar)
rl = rtar(1)+rtar(2) - rl
write(*,*)'E_Time required for amodif_pt (s) =',r1
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rdtime = etime(rtar)
rl = rtar(1)+rtar(2)
write(*,*)'before dnvcd_pt'
cdl ainvcd_pt (raitop,rainv)
rdtime = etime(rtar)
rl = rtar(1)+rtar(2) - rl
write(*,*)'E_Time required for ainvcd_pt (s) =',rl1

rdtime = etime(rtar)
rl = rtar(1)+rtar(2)
write(* ,*)'before newparest'
cdl newparest_pt(rainv,rbt,rnres,rxparold,itop,iobs,
iterm,rjacob,rxpar,rlinchisg,

& rvemobinv,rnoise,nsam,nsel mw,ili mbmw,
& ili mb,lokku,rblos,rnreslos,lextinf1,
& ipar,rjados,rinvclos,lifend,.FALSE.)

rdtime = etime(rtar)

rl = rtar(1)+rtar(2) - rl

write(*,*)'E_Time required for newparest_pt (s) ='rl
*
kkkkkkkkkkkkkkkhkhkkkkkkkkkkkhhhkkkkkkkkkkkhhhkkkkkkkkhkhkhkhkhkkkkkkkkkhkhkhkhkkkkx

* Congtraining p,T and continuain phisicdly meaningful ranges:
*
doj=1, 2*ipar
if (rxpar(j).lt.0.d0) then
rxpar(j)=0.d0
write(*,*)'WARNING: constrained rxpar at j ='j
end if
end do
doj=2*ipar+1, 2*ipar+icontpar
if (rxpar(j).It.-100.d0) rxpar(j)=-100.D0
if (rxpar(j).gt.1.D+30) rxpar(j)=1.D+30
end do
*

kkkkkkkkkkkkkkkkhkkkkkhkkkkkkhhkkkkkhhkkhkkhkkkkkhkkkhkkkkkkhhkkkkkhkkkkkkk

print*,'CHISQ in linea approx. rlinchisg = ',rlinchisq
write(*,'(a)")" Actual values of rxpar '
write(*,'(6e13.4)")(rxpar(j),j=1,itop)

write(* ,*)'before updprof'
cdl updprof_pt(rxpar,itop,ipar,rzpar,rzbase,rtbase,rpbase,

& ibase,rchase,nsel mw,rvmrbase,igas,roffs,
& Iparbase,rlat,rztang,ili mb,rzsi,igeo,
& rbase,lokku,ili mbmw,icontpar,
& isaved,nsam,ifspmw,dstep,rjacmn,
& nucl rperc,rconint,lcfit,|ccmat)
*
if(step.eg.'test’)
& cdl tep_07_p(ibase,icontpar,rzbase,rtbase,
& rpbase,| parbase,nsel mw, rcbhase,igas,rvmrbase,
& roff s,rztang,ili mb,rzsi,igeo,isaved,
& rjacon,cfit)

*

* bbb+
write(*,*)' rzbase, rtbase, rpbase, ibase = ',ibase
doj=1,ibase
write(*,*)rzbase(j),rtbase(j),rpbase(j)

end do
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write(*,*)' rzsi, igeo ="',igeo
write(*,'(6f10.4)")(rzsi(j),j=1,igeo)

open(81,file=sodir(L:iod)//

& 'pt_retr_ztp.dat',

&  status='unkrown’)

k=ipar

doj=1,ibase

if (Iparbase(j)) then

k=k+1
write(81,'(5e13.5)")rzbase(j),rpbase(j),rthbase(j),

& rtbase(j)-sort(rainv(k,k)),

& rtbase(j)+sgrt(rainv(k,k))

else
write(81,'(5e13.5)")rzbase(j),rpbase(j),rtbase(j),0.,0.
end if

end do

close(81)

open(86,file=sodir(L:iod)//

& 'pt_retr_ztang.dat',

&  status='unkrown’)
open(87,file=sodir(L:iod)//

& 'pt_retr_ptang.dat',status='unknown')
doj=1,ilimb
write(86,'(i3,f15.5)")j,rztang(j)
write(87,*)j,rpbase(ibase-1-ili mb+j),
& sort(abs(rainv(j.j)))

end do

close(86)

close(87)

*

open(50,file=sodir(1:iod)//'pt_rcbhase ret.dat',status="unkrown’)
doj=1,ibase

write(50,'(25e20.5)")rpbase(j),(rcbase(j, k), k=1,nsel mw)

end do

close(50)

*
* bbb+

if(lextinf1) cal jadoscdc(rxpar,ili mb,ipar,itop,rztang,
& rlat,rjados)

rdtime = etime(rtar)
rl = rtar(1)+rtar(2)
*
write(*,*)'before fwdmdl'
cdl fwdmdl_pt(rzsi,igeo,rzbase, rtbase,rpbase,rvmrbase,
rcbase,ibase,rulatm,rwmolref,dsigmo,
rhwOref,rmaxtvl,rmaxtv2,rzt12 rhwvar,
igas,rexphref rinczredfad,rlat,
Ifitgeo,rdt,|parbase,nsel mw,iept,rearad,
deps,isigma,dsigma,delta,iocsim,igasmw,
ruplin,rlolin,ili ne,icode,rint0,rel ow,rhwO,
dsili n,ioutin,igasnr,rexph,rwmol,igashi,
ii so,ninterpal,nsam,nil sril s,rintil s,nrd,
iadd,ili mbmw,lokku,nucl,ili mb,igeocder,
igeotder,rjacmn,roff s,rbase,rd ,icontpar,

Ro Ro Ro RoRoRoRoRoRoRo
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ipar,irowmw,

il ookupmw,Imgas,smw,nll,npl,
rpd,rdpl,ntl,rt1l,rdtl,ru,rki tab,
rjacb,rspfov,iigrid,cint,lirrgridmw,
igride,nused,rsan,ili m)

Ro Ro Ro Ro Ro

rdtime = etime(rtar)
rl = rtar(1)+rtar(2) - rl
write(*,*)'E_Time required fwdmdl_pt (s) =',rl1
*
* Saving the old residuals:
doj=1,iobs
rnresold(j) = rnres(j)
end do
doj=1,ilimb-1
rnreslosold(j)=rnreslos(j)
end do

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)

write(* ,*)'before difchi'

cdl difchi_pt(iobs,itop,robs,rspfov,rvemobinv,rnoise,

& nsam,nsel mw,ili mb,lokku,
& ili mbmw,iterg,rnres,rchisq,rchisgp,
& rztang,rdzeng,lextinf1,rnreslos,rinvclos)

rdtime = etime(rtar)
rl = rtar(1)+rtar(2) - r1
write(*,*)'E_Time required dfchi_pt (s) ='r1

if(step.eg.'test’)
& cdl tep_08_p(iobs,iterg,rnres,rchisg,
&  ilimb,nselmw,rchisgp)

write(* ,*)'Retrieval of: p,T'
write(* ,*)'iterg,rchisg=",iterg,rchisg(iterg)

if (iterm.eg.0) then

write(*,*)'before convchk
cdl convchk_pt(rchisg,iterg,rlinchisg,rxpar,rxparold,
& ipar,itop,iobs,rlambda,rconvc(1),rconve(2),rconve(3),lconverg)

if (Iconverg) then
write(*,'(a)") The convergence aiteria ae now verified,
& /' exiting from iterations :-) '
goto 30
end if
end if
*
*kkkkkk
if ((rchisq(iterg).le.rchisq(iterg-1))
& .or.(rchisq(iterg).lt.1.0)) then

rdtime = etime(rtar)
rl = rtar(1)+rtar(2)
write(*,*)'before ecdc_pt'
cdl abcdc_pt(rjacob,rvcmobinv,ra,rbt,iobs,
& itop,nselmw,ili mbmw,nsam,rnoise,ili mb,lokku,
& rjados,ipar,rinvclos,lextinfl,rbloslifend,.FALSE.)
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rdtime = etime(rtar)
rl = rtar(1)+rtar(2) - rl
write(*,*)'E_Time required abcdc_pt (s) =',r1
rlambda=rlambda/rlambdadiv
goto 15
else
rlambda=rlambda* (rlambdamul-1.D0)/(1.D0+rlambda)
doj=1,itop
rxpar(j) = rxparold(j)
end do
doj=1,iobs
rnres(j) = rnresold(j)
end do
doj=1,limb-1
rnresl os(j)=rnreslosold(j)
end do
end if
20 continue
write(*,*) Too many MARQUARDT micro-iterations
lifwassucc = .false.
goto 177
15 cdl output_pt(rxpar,ipar, icontpar,rainv,
& rztangrztanginit,rvchcorr,
& nsam,robs,rspfov,rchisg,iobs,itop,iterg,iterm,rlambda,
& rlinchisg,ili mb,igeo,nselmw, rchisgp,slab,lokku,.true.,
& Icfit,lcamat,nucl)
rdtime = etime(rtar)
rtit = rtar(1)+rtar(2) - rtit
write(*,*)'E_Time spent in G. it. ',iterg,' was (): ',rtit
10 continue
*
write(*,'(//a,i3/)")’Maximum N. of allowed maao-iterations
& /" hasbeen readed, iterg = ',iterg-1
30 continue

*

write(*,'(a)")'Exited from iterations, producing row the output.'

if(lifend)
& cdl jadoscdc(rxpar,ili mb,ipar,itop,rztang,
& rlat,rjados)

rdtime = etime(rtar)

rl = rtar(1) +rtar(2)

write(*,*)'before ecdc_pt'

cdl abcdc_pt(rjacob,rvcmobinv,ra,rbt,iobs,

& itop,nselmw,ili mbmw,nsam,rnoise,ili mb,lokku,

& rjados,ipar,rinvclos,lextinfl,rbloslifend,. TRUE.)
rdtime = etime(rtar)

rl = rtar(1)+rtar(2) - rl

write(*,*)'E_Time required abcdc_pt (s) =',r1

rdtime = etime(rtar)
rl = rtar(1)+rtar(2)
write(*,*)'before dnvcd_pt'
cdl ainvcd_pt (raitop,rainv)
rdtime = etime(rtar)
rl = rtar(1)+rtar(2) - rl
write(*,*)'E_Time required ainvcd_pt (s) =',rl1
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rdtime = etime(rtar)
rl = rtar(1)+rtar(2)
write(* ,*)'before newparest'
cdl newparest_pt(rainv,rbt,rnres,rxparold,itop,iobs,

& iterm,rjacob,rxpar,rlinchisg,

& rvcmobinv,rnoise,nsam,nsel mw,ili mbmwy,
& ilimb,lokku,rblos,rnresos,lextinf1,

& ipar,rjados,rinvclos,lifend,. TRUE.)

rdtime = etime(rtar)
rl = rtar(1)+rtar(2) - rl
write(*,*)'E_Time required newparest_pt (s) =',r1
*
kkkkkkkkkkkkkkkhkhkkkkkkkkkkkhhhkkkkkkkhkkkhhhkkkkkkkkhkhkhkhkkkkkkkkkhkhkhkhkhkkkx
* Congtraining p,T and continuain phisicdly meaningful ranges:
*
doj=1, 2*ipar
if (rxpar(j).lt.0.d0) then
rxpar(j)=0.d0
write(* ,*)'WARNING: constrained rxpar at j ='j
end if
end do
doj=2*ipar+1, 2*ipar+icontpar
if (rxpar(j).It.-100.d0) rxpar(j)=-100.D0
if (rxpar(j).gt.1.D+30) rxpar(j)=1.D+30
end do
*
kkkkkkkkkkkkkkkhhkkkkkkkkkkkhhhkkkkkkkkkkkhhkkkkkkkkhkhkkhhkkkkkkkkkkhkhhkkkkx

write(*,'(/a)")'Fina estimate of the vedor rxpar:'
write(*,'(6(1pel2.4))")(rxpar(j),j=1,itop)
write(*,'(/a)")'Final estimate of the square erors on rxpar:'
write(*,'(6(1pel2.4)))(rainv(j,j),j=1,itop)

write(* ,*)'before updprof'
cdl updprof_pt(rxpar,itop,ipar,rzpar,rzbase,rtbase,rpbase,

& ibase,rchase,nsel mw,rvmrbase,igas,roffs,
& Iparbase,rlat,rztang,ili mb,rzsi,igeo,
& rbase,lokku,ili mbmw,icontpar,
& isaved,nsam,ifspmw,dstep,rjacmn,
& nucl rperc,rconint,lcfit,|ccmat)
*
if(step.eg.'test’)
& cdl tep_07_p(ibase,icontpar,rzbase,rtbase,
& rpbase,| parbase,nsel mw, rchase,igas,rvmrbase,
& roff s,rztang,ili mb,rzsi,igeo,isaved,
& rjacon,cfit)
*
* bt

open(81,file=sodir(L:iod)//
& 'pt_retr_ztp.dat',status="'unkrown’)
k=ipar
doj=1,ibase
if (Iparbase(j)) then
k=k+1
write(81,'(5e13.5)")rzbase(j),rpbase(j),rtbase(j),
& rtbase(j)-sort(rainv(k,k)),
& rtbase(j)+sgrt(rainv(k,k))
else
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write(81,'(5e13.5)")rzbase(j),rpbase(j),rtbase(j),0.,0.
end if
end do

close(81)

open(86,file=sodir(L:iod)//

& 'pt_retr_ztang.dat',

&  status='unkrown’)
open(87,file=sodir(L:iod)//

& 'pt_retr_ptang.dat',status='unknown')
doj=1,ilimb
write(86,'(i13,f15.5)")j,rztang(j)
write(87,*)j,rpbase(ibase-1-ili mb+j),
& sort(abs(rainv(j.j)))

end do

close(86)

close(87)

*

open(50,file=sodir(1:iod)//'pt_rcbase ret.dat',status="unkrown’)
doj=1,ibase

write(50,'(25e20.5)")rpbase(j), (rcbase(j,k) ,k=1,nsel mw)
end do

close(50)

* write the plot-fil e of the final simulations
*
open(50,file=sodir(L:iod)//'pt_sim.dat',status="unknown")
do k=1,nselmw
dol=1,nsam(k)
rummy=dsigma(1,k)+(l-1)*.025D0+iadd* delta
write(50,'(f9.4,30(1pell.3))" ) rummy,
& (rspfov(l,j,k),j=1,ili mbmw(k))
end do
end do
close (50)

*

* bt
*
cdl vc_heightcorr(rxpar,ili mb,ipar,rainv,
& rztang,rztanginit,rhcorr,rvchcorr)

cdl output_pt(rxpar,ipar, icontpar,rainv,
& rztang,rztanginit,rvchcorr,
& nsam,robs,rspfov,rchisg,iobs,itop,iterg,iterm,rlambda,
& rlinchisg,ili mb,igeo,nselmw, rchisqp,dab,lokku,.false.,

& Icfit,lccmat,nucl)
*

*kkk

* Writing p,T retrieved values into a dump file:

*

open(34,file=sodir(L:iod)//'pt_dump.dat',

& form="unformatted',status="unknown")
write(34) ibase

write(34) imxpro

write(34) imxgeo

write(34) ilimb

write(34) rpbase
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write(34) rtbase
write(34) rzbase
write(34) rztang
close (34)

*kkk

*

177 continue
close I/Ofiles, unitsfrom 11 to 30 hut 14
close (40)
* Closes TEPfiles:
if (step.eq.'test’) then
close tep files, unitsfrom 71to 78
end if
**
return
end
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2.2 Algorithms and architecture of p,T retrieval modules

In this sdion the achitedure and the dgorithms of the p,T retrieval program are described.
Whenever nat explicitly dedared, the first charader of variable names is chasen acwording to this

convention:

Note:

INTEGER*4 n (1)
INTEGER*4 |
REAL*8 r (2)
REAL*8 d
COMPLEX*8 c
COMPLEX*16 X
CHARACTER s
LOGICAL |

1) Probably it is possble to use this variable & INTEGER*2 withou degrading the numericd
acaracy of the program.
2) Probably it is posgble to use this variable a REAL*4 withou degrading the numericd acaracy
of the program.

Each sedion refers to ore main modue cntaining many sub-modues. The sub-modue with the
same name of the main modueisthefirst cdled by ead main modue and contains the main cdli ng
tree Each sub-modu e description contains:

1. Thetreeof the cdls
2. A short description
3. A table mntaining the sorted list of al the variables of the modue interface The subscripted

variables are be modified by the cdl. Variable description refers to the use of the variable inside

the modue. For adetail ed description d the variables seesedion 2.3

4. A description d agorithms used inside the modue.

Only the FWDMDL modue contains more than ore main modue description.

Sedions 2.2.18, 2.2.19, 2.2.20, 2.2.21, 2.2.@x 2.2.23contain a detailed description d the
external main modues (i.e. shared modues nat included in the high level flow diagram and cdled
by more than ore main modue).
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2.2.1 INPUT_PT

INPUT_PT

R

OBSERV_PT
---SKIP_PT +
--BLIND_PT *
---SKIP_PT +
--BLIND_PT *
---SKIP_PT +
--BLIND_PT *
---SKIP_PT +
--BLIND_PT *
---SKIP_PT +

|-----R_SETTINGS_PT

R

R

J---SKIP_PT +
 MWOCCMAT_PT
J---SKIP_PT +
(---BLIND_PT *
((-—-SKIP_PT +
INALT_PT
-SKIP_PT +

-
|  4--BLIND_PT*
1=

--SKIP_PT +

|----R_INPRES PT

—_

—_

}--SKIP_PT +
INTEMP_PT
}--SKIP_PT +
INCONT_PT
}--SKIP_PT +

F---UPLIMIT_PT +

R

SPECT_PT
(-—--SKIP_PT +

|----WMOL_PT +
|---INIGAS PT]

R

- |

((--BLIND_PT *

(((-BLIND_PT *

INVMR_PT
-SKIP_PT +

Description: This is the subroutine which reads the inpu files used by p,T retrieval modue. This
subroutine makes also congruity chedks on cata and wsed parameters, bulds memory structures that
will be used later in the program and performs some initialisations. It makes avail able to the other

routines

al the variables read from inpu fil es.

The structure of thismodueis draightforward and it is not worth to describe in detail the operations
therein performed. The used FORTRAN code, plenty of comments and self explanatory is reported
in AD7. For completeness we just list in the following the various small sub-modues used by the
‘inpu_pt’ subroutine.
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2211R _OBSERV_PT

Description: subroutine used to read fil e of observations.
Seethe FORTRAN source @dein [AD7]

2212R _SETTINGS PT

Description: subroutine used to rea fil e of settings
Seethe FORTRAN source @dein [AD7]

2.21.3R_MWOCCMAT_PT

Description: subroutine used to read fil e of microwindows and accupation matrix
Seethe FORTRAN source @dein [AD7].

22.14R _INALT_PT

Description: subroutine used to read fil e of the dtitudes of initial profiles

Seethe FORTRAN source @dein [AD7]

2.215R_INPRES PT

Description: subroutine used to read file of initial P profile
Seethe FORTRAN source @dein [AD7].

2216 R INTEMP_PT

Description: subroutine used to read file of initial T profile
Seethe FORTRAN source ®@dein [AD7]

2.2.1.7R_INCONT_PT

Description: subroutine used to read thefile of initial continuum profiles

Seethe FORTRAN source @dein [AD7]

2.2.1.8R _SPECT PT

Description: subroutine used to read fil e of spedroscopic data
Seethe FORTRAN source @dein [AD7]

2.21.9WMOL_PT

Description: This subroutine is used in order to initi ali se of the moleaular weights of the isotopes
SeeFORTRAN source @dein [AD7].
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2.2.1.10INIGAS PT
Description: Initialisation d the variables'igas, igashi, igasmw, igasnr' that define the two internal
gas codes.

Variables exchanged with external modules:

Name: Description:
nsel mw total number of seleded microwindows
iline number of linesin ead microwindow
icode HITRAN moleallar code for ead line of eahh MW
imaingas HITRAN code of the main gas of the retrieval
(=2 inthe cae of p-T retrieva)
igas number of diff erent gases for adual retrieval
igashi HITRAN code number for eat gobal gas number
igasmw number of gasesto be amnsidered for eadh mw
igasnr global gas number for the locd gas humber of eadh Mw

Module structure:

Begin loop 1 over all microwindowns

Begin loop 2 over all li nes of the actual Mw
1. Calculation d the output variables
endloop 2

endloop 1

Detailed description:

loop 1 over all microwindows

jmw=1—nselmw

loop 2 aver all li nes of the actual Mw

Kli ne=1—ili ne(jmw)

1. Cdculation d the output variables

Threediff erent types of gas codes are distinguished inside the program:

1.

2.

the HITRAN code which is represented by the variable icode that attadhes to ead line of eath
microwindow the HITRAN code number of the gas.

the global gas code of the retrieval which is going from 1 to igas, the number of different gases
that have to be considered for the retrieval. In this code the number 1 always belongs to the main
gas of theretrievd, i.e. in the cae of p-T retrieval 1 refersto CO,. This numbering is conreded
to the HITRAN gas code by the vedor igashi, which gives to eat global gas number the
HITRAN code number, i.e.:

HITRAN gas number = igashi( global gas number )

. the locd gas code of ead microwindow (jmw) which is going from 1 to igasmw(jmw), the

number of different gases that have to be mnsidered for eat microwindow. Asin the global gas
code, the number 1 belongs to the main gas of the retrieval (i.e. CO, for p-T retrieval). This
numbering is conneded to the global gas code by the matrix igasnr which gives to eat locd gas
number of ead microwindow the global number of the gas, i.e.:

global gas number = igasnr(loca gas number, jmw)
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While icode is initialised duing reading the line data base, the variables igas, igashi, igasmw, and
igasnr are set up in this modue by using the information d icode.

First, the variables igashi and igasnr are initiali sed so that the main gas of the retrieval is number 1
in thelocd and the global code:

igashi(1)=imaingas (=2 for p-T retrieval)
igasnr(1,jmw)=1

Then, for ead line kline of eatch microwindow jmw it is chedked, if the related gas (given by
icode(kline,jmw)) is already included in the global and locd gas codes. If thisis not the cae igas,
igashi, igasmw, andigasnr are enhanced by 1.

During this procedure it is chedked that in ead microwindow there is at least one line of the main
gas. It is aso tested that igas becomes nat larger than imxgas and igasmw(jmw) < imxgmw for ead
microwindow jmw. If one of these condtionsisnat fulfill ed, the program is gopped.

Example:
Theinpus are:

Two microwindows are onsidered for the retrieval: nsel mw=2.

3
3linesinthe 1st Mw and 4linesin the 2nd iline= [4}

In the 1st Mw there ae CO, (HITRAN code =2) and H,O (HITRAN code =1) lines and in the 2nd
2 6

1
Mw thereis CH4 (HITRAN code =6), CO,, and H,O: icode = 2

B RN

The main gas of the retrieval is CO,: imaingas= 2.
The results of inigas are:

Total number of different gases: igas= 3.
2

HITRAN code for eat global gas number: igashi =| 1.
6

2
Number of different gases per microwindow: igasmw = {3} )

11
Global gas number for the locd gas number of eact Mw: igasnr =| 2 3.
2
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22111 R_INVMR_PT

Description: subroutine used to read file of initial VMR profil es
Seethe FORTRAN source @dein [AD7]

22112 UPLIMIT_PT

Description: It controls whether the variable ‘rulatm’, that represents the upper limit of the
atmosphere, is both greder than the highest simulated geometry and lessthan the highest point of
the initial guessprofiles.

Variables exchanged with external modules:

Name; Description:

rzprof vedor of atitudes Z to which rtprof, rpprof and rvmrprof are referred [km]
rztang vedor containing the engineeing values of tangent altit udes [km]

rbase greder base of trapeaum of Field of View function [km]

rulatm upper limit of the amosphere [km]

Detailed description:
Seethe FORTRAN source @dein [AD7]

2.2.1.13R_APOD_PT

Description: subroutine used to read the fil e of apod sation functionin the interferogram domain.
Seethe FORTRAN source @dein [AD7]

2.2.1.14 SKIP_PT

Description: subroutine to skip comment lines on real files convention is that: at least one
comment line gpeas before areal statement last comment line starts with a dharader # in column
1

Seethe FORTRAN source @dein [AD7]
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2.2.2 SINVCAL_PT

SINVCAL_PT
|---FOUR1_PT*

Description:

The two modues sinvcal_pt.f and sinvcal_mw_pt.f are strictly linked; they are used to cdculate

the inverse matrix of the Variance Covariance Matrix of the observations, VCM ™.

The ORM program needs VCM ™, but generaly the caculation d VCM™ is performed knawing

VCM.

Asaiming that al the microwindows are uncorrelated, the Variance Covariance Matrix of the

observation VCM is a matrix compaosed of as many quadratic blocks on the diagona as many

microwindows, times the number of limb views considered for ead microwindow, are seleded for
ead retrieval. In the retrieval program, we need the inverse of VCM, VCM ™.

Due to the particular structure of VCM, VCM™ has the same structure & VCM: in particular, ead

block of VCM ™ is given by the inverse of the mrrespondng block of the VCM.

The caculation d VCM™ can be performed in two different ways:

e the optimised method, wed by modue sinvcal pt, cdculates diredly a block of VCM™ |
skipping the step of cdculating first VCM (but some @rredions have to be gplied to eah
block).

¢ the nonoptimised method, which consists in cdculating first the blocks of VCM and then
inverting them.

In the first case abase block is cdculated orce for al microwindows, and it is then correded to

properly take in acount the arrelations on the borders of ead particular microwindow. Version 2

of the ORM, urlike Version 1, gerforms these mrredions onead block .

The optimised method can be performed ony if al the points of the godsation function are

different from O or the microwindow in consideration contains a number of sampling points greaer

than the number of points considered for apodsation function.

Hence, the cdculation o the matrix VCM ™ is performed in two steps:

_first the routine sinvcal_pt.f cdculates the base block of that matrix in an ogtimised way; besides,

from the inpu apodsation function in the interferogram domain, it cdculates the godsation

functionin the spedra domain, recessary for the foll owing step.

_then the modue sinvcal_mw_pt.f customises the block cdculated in sinvcal_pt.f routine (or it

cdculates it if the optimised method is naot feasible) for ead seleded microwindow in the adual

retrieval.

The two steps are performed separately, since the first step could be performed, in the final version
of the ORM code, in a pre-processor program, because it is independent on which retrieval is being
performed.

Variables exchanged with external modules:

Name; Description:

rapod red*4 rapodimxapo) = apod sation function represented in the OPD domain

napod integer*4: no. of points used to represent apodsation function in OPD domain
(rapod)

rzerof red*8: zero filling expresed as the ratio between measured and transformed
interferogram

rapod sig | red*4 rapod_sigma(imxilc): apodsation function in the spedral domain
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ma

nail sdp integer*4: no. of points used to represent the gpodsation in the spedral domain

rvemobin | red*4 rvcmobinv(imxi,imxi) = inverse of the VCM of the fitted data paints,

vopt referred to the largest considered microwindow, caculated in an optimised way.

The noiseis not included in this matrix.

Algorithm Description
Refer to Sed. 4.5 d [ADG] for the description d the dgorithm which drives the computation d the
VCM of the fitted spedral data points.

Module structure:

1. Calculation d the measured maximum path dfference and ather variables.

2. Cdculation d the vedor rapodnv=1/(rapod**2) or redefinition o apodsationfunctionrapod
3. Calculation d rvamobinvopt, only if rzerof = 1.

4. Calculation d the gpodsation functionin the spedra domain rapod sigma.

Detail ed description:

1. Calculation d the measured maximum path difference and aher variables.

Using rzerof, the ratio between the measured maximum path dfference mnpd and the maximum

path dfferenceused for transforming the interferogram (equal to 20cm), mnpd is computed.
mnpd = rzerof * 20.

Besides the number of points used for performing the subsequent FFTs:
nn= (napodl) * 2

is cdculated.

Note that napodis equal to (2**n+1) , with n integer (the @ntrol is made in finput_pt.f routine),
and the napod paints of rapodare asaumed to represent the paoints of the gpodsation function in
OPD domain fromx= 0 tox = 20.

2. Calculation d the vedor rapodnv=1/(rapod**2) or redefinition d apodsation functionrapod.

This dep ismeant to prepare some preliminary variables to be used in the subsequent cdculations:

1. if the measured MPD mnpd is lessthan 20(i.e. if rzerof < 1), the gpodsation function in the
interferogram domain is changed to take into acourt that a zero-filli ng to 20cm path dfference
has been implicitly performed onthe interferogram: in this case dl the points correspondng to a
path dfferencegreaer than mnpd are set to O.

2. If thisisnot the cae, the vedor rapodnv = 1/ rapod**2is st up.

3. Calculation d rvemobinvopt
This gep is performed only if rzerof > 099, becaise in the other cases the cdculation d the

VCM of the observations can be performed orly with the not-optimised method (see
sinvcal_mw_pt modue).

e The previously cdculated vedor rapodnv is gored in a proper way into a complex vedor. This
allowsto use the modue four 1 for performing the FFT:
complex*8 rapodt(imxapo*2)
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rapodt(1) = cmplx(rapodnv(1),0.)
begin loopi=2, ...,(napodl)
rapodt(i) = cmplx(rapodnwv(i),0.)
rapodt(nn-i+2) = cmplx(rapodnv(i),0.)
endloopi.
rapodt(napod = cmplx(rapodnv(napod,0.)
e TheFFT of rapodt isthen performed using four 1:
four 1(rapodt,nn,])

[Refer to W.H.Pressand ahers: ‘Numericd Redpes in FORTRAN’, Seand Edition, Cambridge
University Press pag.501for the description o the modue four 1. Note that the FFT of rapodt is
overwritten in rapodt.]

e The vedor realapodt defined as realapodt(i) = REAL(rapodt(i)/nn) for i=1, ..., nn,is
computed.

¢ the aray rvamobinvopt isfinally evaluated taking into account that:
_the matrix is Smmetric;
_thefirst row is equal to the vedor realapodt, while eab o the other rowsis
oltained by shifting of one positionforward the row just abowe it.
beginloopl: i=1, ...,imxi
begin loopll: j=i, ...,imxi
rvemobinvopt(i,j) = realapodt(j-i+1)
rvemobinvopt(j,i) = rvemobinvopt(i,j)
endloopl i
endloopll j

4. Calculation d the godsation functionin the spedral domain.

e Thevedor rapodis dored in a proper way into a omplex vedor. This allows to use the modue
four 1 for performing the FFT:

complex*8 rapod xft(imxapo*2)
rapod xft(1) = cmplx(rapod1),0.)
begin loopi=2, ...,(napodl)
rapod xft(i) = cmplx(rapodi),0.)
rapod xft(nn-i+2) = cmplx(rapodi),0.)
endloopi.
rapod xft(hapod = cmplx(rapodnapod,0.)

e TheFFT of rapod xft is then performed using four 1:

four 1(rapod xft,nn,J)

e The vedor realapod sigma defined as realapod sigma(i) = REAL(rapod xft(i)/nn) for i=1, ...,
nn,is computed.

e The vedor rapod sigma, containing the godsation function in the spedra domain, is finally
built as required by the routine sinvcal_mw_pt.f: it consists of nailsdp points correspondng to
both the negative and paitive frequencies, centred around the O-frequency point, of the
apodsation function.
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2.2.3 SINVCAL_MW_PT
SINVCAL_MW_PT
[?2--VCMEX_PT ]

Description: seedescription d modue sinvcal pt.
Variables exchanged with external modules:

Name; Description:

rapod sig | red*4 rapod_sigma(imxil c): apodsation function in the spedral domain

ma

nail sdp integer*4: no. of points used to represent the gpodsation in the spedral domain
rvemobin | red*4 rvemohinv(imxi,imxi) = inverse of the VCM of the fitted data points, referred to the

vopt largest considered microwindow, cdculated in an optimised way. The noise is not included in
this matrix.

nselmw integer*4: total number of seleaded microwindows for the a¢ual retrieval

nsam integer*4 nsam(imxmw): total number of spedral sampling points for the seleded
microwindows

rzerof red*8: zero filli ng expressed as the ratio between measured and transformed interferogram

rvemobin | red*4 rvemobinv(imxi,imxi,imxmw): inverse of the VCM of the ohservations for eath

v seleded microwindow

Algorithm Description
Refer to Sed. 4.5 d [ADG] for the description d the dgorithm which drives the computation d the
VCM of the fitted spedral data points.

Module structure:
1. Initialisation o some variables
2. Determination d the microwindow with the maximum number of sampling points.
Begin condtion 1 the maximum number of sampling pantsis greater than nal sdp
3. Calculation d the exad block of the inverse of the VCM of
the observations for the widest microwindow.
4. Building of the ‘matrix of the corredions'.
Endcondtion 1
Begin loop 1 wer the microwindows
Begin condtion 2 the considered microwindow is not the widest one
Begin condtion 3 the block of the VCM conreded with the given
microwindow hasto be cmputed in the exact
mannrer
5. Calculation d the block of the VCM related to the
given microwindow with the not-optimised method.
Else ondtion 3
6. Calculation d the block of the VCM related to the
given microwindow with the optimised method.
End condtion 3
End condtion 2
Endloop 1
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Detail ed description:

1. Initiali sation d some variables

The logicd variable lex is st to true (in this case dl the blocks are cdculated with the non
optimised method in the final version d the program lexshall be set to false).

The matrix rvamobinvis st to 0.

2. Determination d the microwindow with the maximum number of sampling point.

Among al the seleded microwindows nselmw of the adua retrieval, the index imwmax of the
microwindow with the maximum number of spedra points (the vedor nsam(imxmw) contains the
total number of spedral paintsin ead microwindow), is determined.

Condtion I the maximum number of sampling pantsis greater than nal sdp
Steps 3. and 4.are performed ony if nsam(imwmax) > nail sdp

3. For the widest microwindow the exad VCM ™ is built
The cdculation d thisblock is performed by the routine vemex_pt :
vemex_pt (nsam(imwmax), rapod_sigma, nail sdp, rcinv).

The matrix rcinvis gored in the matrix rvcmobinv.

4. Building of the ‘matrix of the corredions,

The first [(nailsdp - 1) / 2 +1] rows of the matrix rcinv previously cdculated are stored into the
matrix rcor.

This matrix will be used for correding the optimised VCM block rvemobinvopt and generating the
microwindow customised blocks.

Loop 1 over the microwindows, index imw
imw=1— nselmw

Condtion 2 imw is not the widest microwindow
imw = imwmax
The block of the VCM relative to this microwindow has just been caculated in step 3.

Begin condtion 3 the block of the VCM™ conreded with the given microwindow has to be
computed with the not-optimised method

If at least one of the foll owing condtionsis verified:

e nsam(imw) < nailsdp

e rzerof < 0.99

e lex=true

the cdculation d the block relative to the considered microwindow is performed with the naot-
optimised method.

5. Calculation d the block of the VCM™ conreded with the given microwindon with the nat-
optimised method.

The cdculation d thisblock is performed by the routine vemex_pt :

vemex_pt (nsam(imwmax), rapod_sigma, nail sdp, rcinv).




Prog. Doc. N.: TN-IROE-RSA9602
Issue: 3

Date: 07/02/02 Page 40392

Development of an Optimised Algorithm for Routine p, T
@ IROE and VMR Retrieval from MIPAS Limb Emisson Spedra

The matrix rcinvis gored in the matrix rvcmobinv.

6. Calculation d the block of the VCM™ conneded with the given microwindaw with the optimised
method.

The matrix rvemobinvopt is gored in the matrix rvemobinv.

rvemobinv (i, j, imw) = rvamobinvopt (i, j), i=1,....,rsam (imw); j=1,....,rsam (imw)

Then the first and the last rows and columns of this block are taken owver by the ones contained in
the matrix rcor.

Beginlooponi: i =1, ....,(nallsdp-1)/2+1
Beginloop onj: j=i,....., rseam(imw)
rvemobinv(i, j, imw) = rcor(i,j)
rvemobinv(j, I, imw) = rvcmobinv(j, i, imw)
rvemobinv( nsam(imw) - i + 1, nsam (imw)-j+ 1, imw)= rvamobinv(i, j, imw)
rvemobinv( nsam(imw) - j + 1, nsam (imw)-i+ 1, imw)= rvamobinv(i, j, imw)
Endloop onj

Endloop oni

2.2.3.1IVCMEX_PT

VCMEX_PT]
(((+VINVCAL_PT *

Description: thismodue cdculates the block, related to a particular microwindow, of the inverse of
the VCM of the observations, VCM™ | cdculating first the VCM of the observations and then
inverting that matrix.

Variables exchanged with external modules:

Name: Description:

nsaml integer*4 number of spedral points of the mnsidered microwindow

rapod sigma red*4 rapod_sigma(imxil ¢): apodsation function in the spedral domain

nail sdp integer*4: no. of points used to represent the gpodsation in the spedral domain
rcinv red*8 rcinv(imxi,imxi): block of the inverse of the VCM of the observation

rvcemobinvopt red*4 rvemobinv(imxi,imxi) = VCM™ of the fitted data points, referred to the largest
considered microwindow, cadculated in an optimised way. The noise is not included in
this matrix.

M odule structure:
1. Cdculation o the block of the VCM
2. Cdculation o the block of VCM™

Detail ed description:

1. Calculation d the block of the VCM

The VCM of the observations rvam is cdculated performing the matrix product rj-rj", where rj is
the matrix associated to the linea operation d apodsation, i.e. the cmnvdutionwith the gpodsation
function.
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e Thematrix rj, whose dimensions are nsaml-(nail sdp+nsaml-1), is built asfollows:
__the aray rj(imxi, imxj) is st to 0.
_thefirst nail sdp positions of thefirst row are fill ed with the gpodsation function rapod sigma
__ead o the other rows is obtained by shifting ahead of one pasition the row just aboweiit.
Begin loop oni: i=1, ..., saml

Beginloop onj: j=1, ..., ndsdp

rj(i, j+i-1) = rapod_sigma (j)

Endloop onj
Endloop oni
e rvom is finaly obtained by performing the matrix prodict rj-rj’, where rj" represents the

transpose matrix of rj.

2. Calculation d the block of VCM™
Theinverse of the matrix rvem, rcinv, is computed by the modue vinvcal pt.f:
vinvcal _pt(rvem, nsaml, rcinv)

2.2.4 VINVCAL_PT

VINVCAL_PT
|----JACOBI1_PT ]

Description: This subroutine cdculates VCM™ using the singular value decompasition method as
explained in ADG6. It uses the Numericd Redpes aubroutine ‘jambi’ in order to compute
eigenvedors and eigenvalues of the matrix A.

It is exadly the same & routine ainvcal pt, the only difference is that al the matrices inside the
routine ae dimensioned in a different way (imxi - imxi instead of imxtop - imxtop). This avoids to
work with over-dimensioned matrices.

Variables exchanged with external modules:

Name: Description:
rvem Block of the VCM of the observations, related to the considered microwindow
nsaml Dimension of the considered block of the matrix rvem (total number of spedral points of the

given microwindow)
rcinv Inverse of rvem (or ‘generalised’ inverse)
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2.2.5 OCCUSIM_PT

OCCUSIM_PT
BLIND_PT *

Description: This modue prepares me quantities useful in the subsequent cdculations; in

particular:

¢ builds the dtitude grid (rzd) correspondng to the tangent altitudes of the spedra that will be

simulated,

e cdculatesalogicd vedor (Ifitgeo) that indicates which of the dtitudes rzs correspondto a point
where the temperature profil e isfitted,

e sets-up the integer matrix iocsim, that spedfies which o the simulated spedra crrespondto a
limb measurement,

e cdculatesilimbmw, irowmw, andiobs.

Variables exchanged with external modules:

Name; Description:
rztang rztang(imxgeo) = vedor containing the engineaing values of tangent altitudes.
ilimb ili mb = number of measured geometries
imaingas imaingas = Hitran code of the main gas of the retrieval
lokku lokku(imxgeo,imxmw) = occupation matrix used for the seledion of operational MW's
nselmw nselmw = total number of seleded microwindows for the retrieval
Ifit Ifit(imxImb) = logicd vedor that identify the tangent altit udes which correspond to a fitted pant in
the profiles
rbase rbase = greaer base of trapezum of Field of View function
rzsi rzsi(imxgeo) = tangent altitudes of the geometries to be simulated
nsam nsam(imxmw) = n. of sampling pointsin eadt MW (coarse grid)
igeo igeo = number of simulated geometries
Ifitgeo Ifitgeo(imxgeo) = logicd veaor which identifies the simulations which correspond to afitted pant
inthe T profile, among all the simulations to be performed.
ipar ipar = number of parameter-levels (i.e. N. of elements of rzpar vedor)
iocsim iocsim(imxgeo,imxmw) = occupation matrix for the simulations to performed:
= 0 no simulation required,
= 1 simulation required without FOV
= 2 simulation required with FOV
ili mbmw ili mbmw(imxmw) = number of valid geometries per microwindow (number of 2 in ead column of
iocsim)
irowmw irowmw(imxmw) = the row of the Jacmbian matrix where the adual microwindow starts
iobs iobs = total number of data pointsto be fitted
rzpar rzpar(imxlmb) = vedor of the dtitudes where the temperature profil e is fitted

Module structure
The computations proceal along the foll owing steps:

abhowbdpE

Establi shes which is the number of smulationsto be performed (igeo).
Setup d rzg, Ifitgeo andrzpar, cdculation d ipar,
building of iocsim,

cdculation d ili mbmw,

cdculation d irowmw andiobs.
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Detail ed description
1. The total number of limb-observationsto be smulated igeo is %t equal toigeo = ilimb + 4 in the
case of H20 retrieval (imaingas = 1) in the other cases igeo is st equal to igeo = ilimb+2. The
extra simulations, in addition to the measured sweeps, are performed in order to take into acourt
the finite FOV effed.

2. Setup d rzg, Ifitgeo and rzpar, cdculation d ipar:
rzg, Ifitgeo:

m=20
Ifitgeo(i) isinitialised to FALSE. for i=1, ...,imxgeo

m=m+1
rzd(m) = rztand(ili mb) - (rbase/2) (below the lowest sweep)
fori=1, ....,ilimb
m=m+1
rzd(m) = rztand(i) (in correspondence of the sweeps)
if Ifit(i)=.TRUE. then set Ifitgeo(*)=.TRUE.
endloop
m=m+1
rzs(m) = rztang(1) + (rbase/2) (above the highest swee)
for k=1, ...jgeo-ilimb-2
m=m+1
rzs (m)=(rztang(ili mb-k+ 1)+ rztang(ili mb-k))/2 (within the swees)
Endloop.

= The dtitudes contained in rzs are then re-sorted so that small values of the index correspondto
lower dltitudes. Note that rzg isthe only vedor sorted starting from low altit udes.

= The dements of Ifitgeo are then re-sorted in inverse order with resped to the dements of rzg.
There is one-to-one @rrespondence between the vedors Ifitgeo and rzs but the @rrespondence
is between elements which have reversed indexes; the first element of Ifitgeo (Ifitgeo(1)) refersto
the last element of rzs (rzd(igeo)) and so on.

= Setup d rzpar. rzpar contains the dtitudes that correspondto the points where the VMR profile
isfitted, i.e. the values of rztangfor which Ifit is TRUE. This vedor is srted starting from high
altitudes.

= Setup o ipar: ipar isthe number of TRUE elements of the vedor [fit, i.e. is the total number of
points where the VMR profil e isfitted.

3. Calculation d iocsim.

Let’s consider an integer matrix iocsim having igeo rows and nselmw columns; all the dements are
initi alised to zero.

Each row of this matrix corresponds to ore dtitude where asimulation will be computed; i.e. ead
row corresponds to ore dement of the vedor Ifitgeo (dired index correspondence) and to ore
element of rzs (reverse index correspondence).
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Each column of this matrix corresponds to a seleded microwindow.

Let's consider the rows of iocsim that correspondto atitudes where asweey has been measured
(atitudes which correspond to the dements of the vedor rztang. Now, there is one-to-one
corresponcence between these rows and the rows of the occupation matrix lokku, so we review the
elements of these rows of iocsim and we set equal to 2 the dements which correspondto a TRUE
element in lokku. In pradicewe set equal to 2the dements of iocsim whenever we want to perform
simulationsincluding FOV effed.

Afterwards, since for the simulation d spedra including FOV effed we interpolate the spedra in
the dtitude domain (see description d FOV subroutine), extra spedra have to be simulated in
addition to the ones which correspond to measurements. Which are the required extra spedra is
established using a series of condtions that is explained in the description & FOV modue. The
same ondtions are reviewed in OCCUSIM modue ad, whenever (altitude, microwindow) a
simulationisrequired, the correspondng element iniocsim matrix is %t equal to 1.

4. Calculation d ili mbmw:

ili mbrmw(j) is defined as the number of TRUE elements in the j-th column of lokku, i.e. ili mbnw(j)
indicates the total number of sweeps in which the microwindow j is fitted. Of course, the vedor
ili mbmw has nselmw elements.

5. Caculation o irowmw andiobs:
irowmw is defined as:

j-1
irowmw(j):1+znsan’(k)-ilirrbmw(k) forj=1,..., reelmw

k=1

where nsam(k) is the number of sampling data paints of microwindow j (in the 0.025cm™ frequency
grid). In pradice irowmw indicaes the row of the Jacobian matrix rjacob, where the data related to
the a¢ua microwindow start.

iobs is the total number of observed spedra data points that are fitted in the retrieva and is
therefore computed as:

iobs = [irowmw(nselmw) - 1] + [nsam(nselmw) * ili mbrmw(nselmw)] .
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2.2.6 TCGEO
Description:

Determination d the vedors igeotder and igeocder, that relate to ead simulated geometry the
parameter levels which have to be mnsidered for the derivatives (i.e. the parameter levels where a
change of the parameter influences the spedrum).

Variables exchanged with external modules:

Name; Description:

Ifitgeo logicd vedor that istrue if asimulated geometry is also a parameter-level

ipar number of parameter levels

igeo number of simulated geometries

Ifit logicd vedor that istrueif an observational level is also a parameter level

ilimb number of measured geometries

nucl nucl+1 = upper parameter level for continuum fit

igeotder for eath ssimulated geometry j the highest (igeotder(j,1)) and lowest (igeotder(j,2)) parameter
level which hasto be considered for the temperature-derivatives

igeocder for ead smulated geometry j the highest (igeocder(j,1)) and the lowest (igeocder(j,2))
parameter level which hasto be considered for the mntinuum-derivatives

Module structure:
1.Calculation d igeotder
2.Calculation d igeocder

Detailed description:

1.Calculation d igeotder:

The highest parameter level influences all smulated geometries:
For 1<jgeo <igeo:

igeotder (jgeo,l) =1

The lowest parameter level that influences the simulated geometry is the one of the geometry
itself, if the geometry is also a parameter level. If the geometry is no parameter level, the
parameter level below isused (if it exists).

For 1 < jgeo < igeo:

Count the parameter levels up to jgeo:
mpar=0
For 1 < kgeo < jgeo:
if [Ifitgeo(kgeo)]: mpar=mpar+1

If the geometry jgeo is a parameter level:
if [Ifitgeo(jgeo)]: igeotder (jgeo,2)=mpar
if jgeo isno parameter level:
else
if mpar isnat equal to the total number of parameter levels:
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if [mpar = ipar]: igeotder(jgeo,2)=mpar+1
if mpar isequal to the total number of parameter levels:
if [mpar = ipar]: igeotder (jgeo,2)=mpar

2.Calculation d igeocder:

2.1 Determination d the highest derivative to be cdculated for continuum
kd=0
Begin loopl onlimb observations jcl=1, ...,ilimb
Begin condtionl: if Ifit(jcl) = TRUE then
kd=kd+1
Begin condtionll if jcl > nucl then
Begin loopll onsimulated geometries kgeo=1, ...,igeo
igeocder (kgeo,1) = kd
Endloopll onsimulated geometries
goto (**)
Endif condtionll
Endif condtionl
Endloopl onlimb observations
(**) continue

2.2 Determination d the lowest derivative to be cdculated for continuum
Begin loopl onthe simulated geometries. jgeo = 1, ...,igeo-1
mpar = 0
Begin loopll onthe simulated geometries: kgeo = 1, ...,jgeo+1
if Ifitgeo(kgeo) = TRUE mpar=mpar+1
Endloopll onthe simulated geometries
igeocder (jgeo,2) = mpar
Endloop| onthe smulated geometries
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2.2.7 CHBASE_PT

CHBASE_PT]
K((-LININT_PT *
(((+ESPANT_PT *
(((+GRAVITY *

Description: This routine moves the amospheric profiles into the dtitude representation defined
by the retrieval. This altitude grid coincides with the tangent altitudes of the measurements in the
range cvered by the measurements, has an extra point below the lowest measurement and coincide
with the grid in which the initial guess profiles are provided in the dtitude range between the
highest measurement and the upper limit of the amosphere.

Variables exchanged with external modules:

Name; Description:

rzprof rzprof (imxpro) = vedor of altitudes Z to which rtprof, rpprof and rvmrprof are referred

rtprof rtprof (imxpro) = vedor of temperature & afunction of atitude Z.

rpprof rpprof(imxpro) = vedor of presaure profile a afunction of altitude Z.

rvmrprof rvmrprof (imxpro,imxgas) = matrix of VMR profiles

rcprof rcprof (imxpro,imxmw) = array containing continuum cross ®dion as a function of altitude
and microwindow

ipro ipro = N. of elements of rzprof, rtprof, rpprof, rcprof, rymrprof

igas igas = total number of different gases

nselmw nselmw = N. of seleded microwindows

rztang rztang(imxgeo) = tangent altit udes of the considered sweeps

ilimb ilimb = N. of considered sweeps

rzpar rzpar is not used in this module, isa spare interface

ipar ipar is not used in this module, is a spare interface

rlat rlat = latitude of the adual limb-scan (deg.)

Ifit Ifit(imxImb) = logicd vedor which identifies the dtitudes where the T profil e isfitted, among
the dtitudes rztang.

rzbase rzbase(imxpro) = altitude of the base-levels

rtbase rtbase(imxpro) = temperature of the base levels

rpbase rpbase(imxpro) = presaire on the base-levels

rvmrbase rvmrbase(imxpro,imxgas) = volume mixingratio of the gases on the base levels

rchase rchase(imxpro,imxmw) = continuum on the base-levels for eadt MW

ibase ibase = number of base-levels

Iparbase Iparbase(imxpro) = logicd vedor which identifies the dtitudes where the T profile is fitted,
among the dtitudes rzbase.

Algorithm Description:

The goal of this modue is to change the representation d the initial profiles that are contained in
the so cdled ‘prof’ variables. After this routine is completed, the &mospheric profil es represented in
the base of theretrieval are available in the ‘base’ variables.

Module structure

The modue proceeds in the foll owing steps:

1. Calculation d the number (ibase) of elements belonging to rzbase,
2. building of the dtitude grid rzbase,
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3. computation d the ‘base’ profil es,
4. setup d Iparbase.

Detail ed description
1. Calculation d ibase, the number of elements of the rzbase vedor.
Let’scdl ihightheindex of the dement of the vedor rzprof which verifies:
rzprof(ihight+ 1) <rztang(1) < rzprof(ihigh)
then ibaseis computed as:
ibase = ihigh+ ilimb+ 1

2. Building of the dtitude grid rzbase:

e rzbase(i), i = 1, ...,ihigh are equal to the dements of rzprof which are located above the highest
tangent altitude of the scan sequence (i.e. above rztang(1))

o rzbase(i), i = ihightl, ... , thigh+ilimb is st equal to the tangent altitudes of the limb-
measurements that are contained in rztang
o setistart=1

o rzbase(ibase) = rzprof(ipro - istart)
The dements of rzbase (as in the cae of rzprof) are sorted starting from high altitudes (i.e. small
value of theindex = high altitude).

3. Calculation d the ‘base’ profil es.

The ‘base’ profiles arethe ‘prof’ profil esinterpolated to the dtitudes of ‘rzbase':

e rtbaseis obtained by linealy interpalating in the dtitude domain rtprof (referred to the dtitude
grid rzprof), to the dtitudesrzbase (LININT _PT subroutine is used for this purpose).

e rvmrbase is obtained by linealy interpalating in the dtitude domain rvmrprof (referred to the
altitude grid rzprof), to the dtitudes rzbase. This operation is performed for al the considered -
gases (igas). (LININT_PT subroutine is used).

Note: please note that at those dtitudes of rzbase which coincide with an altitude of rpbase, the

linea interpalationisnat strictly required: in this case the ‘base’ profiles can dredly be set equal to

the correspondng values of the ‘prof’ profil es.

e rpbaseiscomputed using hydrostatic equili brium law.

At the lowest dltitude it is assumed that:

rpbase(ibase) = rpprof(ipro - istart)
then for the subsequent altit ude steps the used formulais:

rmovr * gravity(z,rlat)* Az |
t

rpbase(i — 1) = rpbase(i)* exp{—

where;

Z = [rzbase(i — 1) + rzbase(i)]/ 2

Az = rzbase(i — 1) — rzbase(i)

t = [rtbase(i — 1)+ rtbase(i)] / 2

rmovr is a parameter, (seedescription d parameters.inc)
gravity(z,rlat) iscomputed by ‘GRAVITY’ function,
i ranges from ibase, .to..., 2.
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Notethat al the ‘base’ profiles are referred to the dtitude grid defined by rzbase.

e Continuum base profil es rchase are obtained as foll ows:
- Above the measurements:
Beginloopl jmw=1, ..., reelmw
Beginloopll I=1, ..ihigh
rcbase(l,jmw)=rcprof(l,jmw)
Endloopll
Endloopl
- Within the measurements linea interpolationin pressure domain is used.
Beginloopl I=ihigh+1, ihight+ili mb
Begin loopll jmw=1,nselmw
cdl linp_p(rpprof,rcprof(1,jmw),ipro,rpbase(l),rcbase(l,jmw))
endloopll
endloopl
- Below the lowest measurement:
Beginloopl jmw=1, ...,rselmw
rcbase(ibase,jmw)=rcprof(ipro-istart,jnmw)
Endloopll

4. Setup d Iparbase.
Iparbase is a logicd vedor which identifies the dtitudes where the temperature profile is fitted,
among the dtitudes contained in rzbase.
All the ibase elements of Iparbase are first initialised to .FALSE.
The dements of this vedor are then reviewed:
fori=1toibase
if anindex ] exists o that: rzbase(i) = rztang(j) and|fit(j) = .TRUE. then
set Iparbase(i) = . TRUE.
endif
endloop.

2.2.8 FAILS_PT

FAILS PT]
|----BLIND_PT *

Description: This subroutine performs the interpolation d AILS function (rails), that is provided
at the warse grid pants (step dstep), at the paints of the frequency fine-grid (step delta). The results
are stored in rils and are used in modue CONV as convdving function to pass from the
atmospheric spedrum caculated onthe fine grid,

to the simulation d the observed spedrum caculated on the @arse grid. The subroutine dso
computes the number of fine-grid pants to add onead side of the spedral intervals to be smulated
(in order to reduce truncaion effeds within the CONV modue) and two ather quantities that are
needed within the CONV modue, they are: a)the number of sampling paoints resulting from the
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interpolation process b) the ratio between the fine-grid step and the summation ower the values of

the resulting function.

Variables exchanged with external modules:

Name; Description:
nselmw number of seleded microwindows
nail sdp number of AILS data points
nrd ratio between the frequency steps of the marse and the fine grid
rails rail s(imxapo,imxmw):apodsed instrument line shape for all seleded MWs
delta distance between fine-wavenumber grid pants[cm-1]
dstep distance between coarse-wavenumber grid pants[cm-1]
rils ril s(imxil s,imxmw: instrument-li ne-shape function in the frequency fine-grid
iadd number of fine-wavenumber grid pantsto be added on both sides of ead microwindow (due
to the il s-convol ution)
nils number of elements of rils
rintils ratio between the frequency step approximating
infinitesimal spedral resolution and the summation
of theinterpoated-AlLS-function values

Algorithm Description

The interpdation pocessis redized by making a convdution with a sinc function that is computed

inside the subroutine. For the purpose the sinc function reeds to:

be sampled onthefine grid,

have afrequency extensiontwicethat of the inpu AILS,
have the unity value & the central frequency,

have the zero values sparated by the marse grid step.

Module structure

The modue proceads in the foll owing steps:
1. Cdculation d the sinc function,

2. Convdution ketween the inpu AILS and the sinc function poviding the result in the fine

frequency grid.

3. Cadculation d the ratio between the fine-grid step and the integral of the function resulting from
convdution.

Detailed Description

1. Cdculation d the sinc function

- the number of sampling points of the AILS represented in the fine grid is computed as:

nil s=((nail sdp-1)*dstep)/delta+ 1

- the number of pointsto add onead side of the spedral intervalsto be simulated

iadd=(nils-1)/2

- the maximum frequency extension d the sinc functionis computed as.

dels=(nils-1)*delta

- the sinc functionis computed from ¢ = -delsto ¢ = +dels at frequency steps = delta as:

Prog. Doc. N.: TN-IROE-RSA9602
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sinc = sin(arg)/arg
where:
arg = o* rldstep.
The singularity sinc = 1 appliesfor arg = 0.

2. The mnvdution integral between the input AILS and the sinc function is computed, at the i™
frequency, as:
nailsdp
rils = > railg* sinc
j=1
where index k starts from nils-i+1 and is incremented by steps of nrd in corresponcdence of ead
increment to j.

The computation d rils isrepeaed for values of i going from 1 to nils.
3. Along theloop ower i at step 2 the suitable summation over the computed values rils is built up

with the purpose of cdculating (at the end) the ratio between the fine-grid step delta and this
summation.

2.2.9 GRID_PT

GRID_PT]
(-—-BLIND_PT *

Description:
e Caculation d the genera fine wavenumber grid for all microwindows of theretrieval.

e Ched, that al li nes inside the Mws are handed as lines (explicit cdculation d the line profile)
and nd as neaby continuum

Variables exchanged with external modules:

Name; Description:

nselmw total number of seleded microwindows

nsam number of sampling paintsin ead mw (general coarse grid)

nrd Ratio dstep/delta between coarse and fine grid step

dstep distance between general coarse-wavenumber grid pdnts [cm-1]

NOTE: the sampling point at frequency=0 has index=1
ifspmw index of the first sampling point of eath MW

iadd number of fine-wavenumber grid pdnts to be alded on both sides of eadh
microwindow (due to the il s-convol ution)

delta distance between general fine-wavenumber grid pdnts[cm-1]

iline number of linesin ead microwindow

dsilin central li ne wavenumber

ioutin flag for eadh line

=1: line-shape has to be cdculated at ead wavenumber inside the microwindow
=2: lineis considered as neaby continuum

isigma number of wavenumber grid padnts for eadh Mw
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| dsigma | genera wavenumber fine grid for eadht Mw |

Module structure:

Begin loop 1 over all microwindowns
1. Calculation d the number of grid pants
2. Cdculation d the general fine grid
3.Ched onioutin

endloop 1

Detailed description:

loop 1 over all microwindows
jmw=1—nselmw

1. Calculation d the number of grid pants.
Sincethe microwindow is enhanced on bdh sides by iaddgrid pants, the formulafor the number of
grid pantsis:

isigma(jmw) = (nsam(jmw) —1)- nrd + 1+ 2-iadd
Hereit hasto be diedked that isigma(jmw) < imxsig.
2. Cdlculation d the general fine grid:

The wavenumber belonging to ead genera fine grid pant is:
(1 <k<isigma(jmw))

dsigmak, jmw) = (ifspmw(jmw) — 1) - dstep — iadd- delta + (k — 1) - delta

3. Ched onioutin:

For ead line kline (1 < Kkline < iline(jmw)) it is chedked, that, if the line centre is inside the
enhanced microwindow + dex (dsigma(1,jnw) - dex — dsigma(isigma(jmw),jmw) + dex) (dex is
a parameter), ioutin(kline,jmw) is equal to 1.If thisisnot the cae ioutin(klinejmw) is st to 1.

2.2.10 GUESSPAR_PT

GUESSRAR_PT ]
|(----PTFROMZ_PT *
|(----MWCONT_PT *
|(----FICARRA_PT *
((---BLIND_PT *
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Description: Thismodue buildstheinitial guessof the vedor rxpar which contains the parameters
that are going to be fitted in p,T retrieval.

Variables exchanged with external modules:

Name; Description:

rzbase rzbase(imxpro) = altitude of the base-levels

rtbase rtbase(imxpro) = temperature & the base levels

rpbase rpbase(imxpro) = presaire a the base-levels

rchase rchase(imxpro,imxmw) = continuum at the base-levels for eadhh MW

ibase ibase = number of base-levels

nselmw nselmw = total number of seleded microwindows for the retrieval

rlat rlat = acual latitude of the measurements (deg.)

rzpar rzpar(imximb) = vedor of the dtitudes where the temperature profil e is fitted
ipar ipar = number of parameter-levels (i.e. N. of elements of rzpar vedor)

rztang rztang(imxgeo) = vedor containing the engineeaing values of tangent altit udes.
ilimb ilimb = number of measured geometries

Ifit Ifit(imxImb) = These aelogicd vedors that identify the levels

lokku lokku(imxgeo,imxmw) = occupation matrix used for the seledion of operationa MW's for

ead observation geometry
Iparbase | Iparbase(imxpro) = logicd vedor which identifies the dtitudes where the T profile is fitted,
among the dtitudes rzbase.

rperc rperc = maximum relative (with resped to rconint) distance between central frequencies of
two microwindows which are defined as close-close ones for the definition of continuum
emisson

rconint rconint(imxImb,imxmw) = frequency range aound eah MW, for eah swee, tangent
altitude, in which the ontinuum can be mnsidered as varying linealy.

rxpar

itop itop = total number of parametersto be fitted

icontpar icontpar = total number of continuum parametersto be fitted

rjacon rjacon(imxpro*imxmw,imxcop) = jacobian matrix for the derivative of the continuum base-
level values with resped to the mntinuum parameters

isaved isaved(imxsav) = vedor containing al the necessary quantities for the reconstruction of
continuum profil es performed by ficarra subroutine

dstep dstep = distance between coarse-wavenumber grid pants [cm-1]

nsam nsam(imxmw) = number of sampling paintsin ead MW (general coarse grid)

ifspmw ifspmw(imxmw) = index of the first sampling point of ead MW
* NOTE: the sampling point at frequency=0 has index=1

nucl nucl = number of limb geometries to be skipped before starting continuum fit; numbering
starts from top.

Icfit I cfit(imxgeo,imxmw) = continuum occupation matrix

Iccmat Icomat(imxgeo,imxmw) = logicd matrix which identifies altitudes & MWs where the
continuum is %t equal to the mntinuum of a neaby MW (close-close MWSs).

ifco ifco = switch for enabling / disabling the fitting of atmospheric continuum and instrumental
offset

Algorithm Description

Starting from the initial guessof p,T and continuum profil es, the initial guessof the vedor rxpar of
the fitted parameters is evaluated. The total number of fitted parameters (itop) and the total number
of continuum fitted parameters (icontpar) are evaluated as well .

Detailed description
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The modue proceals in the foll owing steps:

e For j=1,...,ilimb, rxpar(j) is %t equal to the presaires at the tangent atitudes of the sweeps
which correspondto fitted pantsin the temperature profile. These sweeps are identified, among
all thefitted sweeps, by a TRUE element in the vedor Ifit. (Sorting is aways from top)

e For j=ilimb+1,...jlimb+ ipar, rxpar(j) is st equal to the temperatures at the tangent altit udes of
the swegps which correspond to fitted pants in the temperature profile. These swees are
identified, among al the fitted sweeps, by a TRUE element in the vedor Ifit. (Sorting is aways
from top)

For the caculation d presaure and temperature & the tangent levels that correspondto fitted pants,

PTFROMZ modueis used:

Beginloopl j=1,par
cdl ptfromz_pt(rzbase, rpbase, rtbase, ibase, rlat, rzpar(j), rxpar(j), rxpar(j+ipar))
Endloopl

e subroutine MWCONT _PT iscdled: this subroutine mmputes the vedor rcpar of the cwntinuum
parameters to be fitted and icontpar that is the total number of continuum fitted parameters. The
integer vedor isaved is also computed.

¢ subroutine FICARRA _PT iscdled: it rebuil ds continuum profiles garting from the vedor rcpar
and the integer vedor isaved, it computes also the jacobian matrix rjaccon which contains the
derivatives of the different points in the cntinuum ‘base’ profil es with resped to the continuum
fitted parameters.

e Forj=ilimb+ipar+1, ...,ilimb+ipar+icontpar, rxpar(j) is %t equal to rcpar (j-ili mb-ipar)

e For j=ilimb+ipar+icontpar+1, ..., ilimb+ipar+icontpar+nselmw, rxpar(j) is st equa to zero.
These dements of rxpar refer to the instrumental off sets whose initial guessis suppased to be
equal to zero.

e itopisthen computed acardingly to:

if ifco=2 ----> jtop=ilimb + ipar + icontpar + nselmw
if ifco=1 ----> jtop=ilimb + ipar + icontpar
if ifco=0 ----> jtop=ilimb + ipar

e itop is then chedked and if itop > imxtop (imxtop is a parameter contained in
‘parameters_pt.inc’) afatal error is produced and the program is gopped (the occurrency of this
error is limited to the caes in which the program variables are under-dimensioned).
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2.2.11 FWDMDL_PT

| MKPLEV_PT

v

| CONLAY_PT |
v

| POINT_PT
v

\ CURGOD_PT
v

> DO imw=1,nselmw

v

| CROSS_PT
v

| SPECTRUM PT
v

FOV_PT

v

| TEMDER_PT
v

| JACSETMW_PT
v

| ADDOFF_PT |
v

END DO ON imw

Fig.4: Flow diagram of the forward model used in p,T retrieval.

Description: Using the base-vedors of the amospheric profiles it cdculates the simulated spedra
for al observations and the jambian matrix of these observations with resped to the fitted
parameters. The source ®de of the modue ‘fwdmdl_pt.f contains only the flow of the cdls
reported in Fig.4. The source @de of this modue has been ddlivered also to the industry which

takes care of MIPAS Level 2 prototype development.

Variables exchanged with external modules:

Seesedion 2.3for the description d the variables. We report here only the list of the variables at

the interfaceof this modue.

subroutine

fwdmdl_pt(rzg,igeo,rzbase rthase,rpbase,rvmrbase,rcbase,ibase,rulatm,rwmolref,dsigmO,

rhwOr ef,rmaxtvl rmaxtv2,rzt12 rhwvar,igas,rexphref,rinczredfact,rlat,Ifit geo,rdt,| par base,nsel mw,
iept,rearad,deps,isigma,dsigma, delta,iocsim,igasmw,ruplin,rlolin,ili neicode,rint0,relow,rhwo,
dsili n,ioutin,igasnr,rexph rwmol,igashi,ii so,ninterpal,nsam,nil sril s,rintil s,nrd,iadd jli mbmw,
lokku,nuel il mb,igeocder igeotder rjaccon yoffs,rbase,rslicontpar,ipar,irowmw,il ookupmw,Imgas,
smw,nll,np,rpd,rdpl,ntl,rtdl,rdtl,ru,rki tab rjacob,rspfov,iigrid,cint,lirr gridmw,igridc,nused1,

rsan,li m)
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2.211.1 MKPLEV_PT

MKPLEV_PT
|-----BLIND_PT *
(----CHECK_PT |
[(>---BLIND_PT *
[((?--CHECK_PT ]
l((-—-BLIND_PT *
l((?--LININT_PT *
I((((-LININT_PT *
(((+ESPNT_PT *
(((+GRAVITY *
((+BLIND_PT *
(((+GRAVITY *

Description: builds the layering of the amosphere for the subsequent caculation d the radiative
transfer integral. Calculates aso the perturbed temperature profiles which will be used for the
computation d the derivatives of the smulated spedra with resped to temperature.

Variables exchanged with external modules:

Name: Description:

rzs rzsi(imxgeo) = tangent altitudes of the geometries to be simulated

Igeo Igeo = number of simulated geometries

rzbase rzbase(imxpro) = dtitude of the base-levels

rtbase rtbase(imxpro) = temperature of the base levels

rpbase rpbase(imxpro) = presaure on the base-levels

rvmrbase rvmrbase(imxpro,imxgas) = volume mixing ratio o the gases on the base
levels

Ibase ibase =number of base-levels

rulatm rulatm = upper limit of the amosphere

rwmolref rwmolref = moleaular weigth of the gas that has been seleded as a
referencefor building the levels.

dsigmO dsigmO = Centre frequency of the line seleded as a reference for buil ding
the levels.

rhwOref rhwOref = haf-width of the line seleded as a reference for building the
levels.

rmaxtvl rmaxtvl = max. alowed temperature variation (K) between two
neighbouing levels, when the lower level islocated below rztl2.

rmaxtv2 rmaxtv2 = max. alowed temperature variation (K) between two
neighbouing levels, when the lower level islocated above rzt12.

rztl2 rztl2 = dtitude (km) where the temperature thresholds rmaxtvl and
rmaxtv2 are exchanged.

rhwvar rhwvar = max. alowed half-width variation d the seleded reference line
between two neighbouing levels.

igas Igas = total number of diff erent gases

rexphref rexphref = exporent for the cdculation d Lorentz h-w for the line
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seleded as areferencefor buil ding the levels.

rincz rincz = guess altitude increment (km) used for building the levels above
the highest simulated geometry.

redfad redfad = reduction fador applied to 'rincz when it produces not
accetable P levels abowve the highest simulated geometry.

rlat rlat = adual latitude (degrees)

Ifitgeo Ifitgeo(imxgeo) = logicd vedor which identifies the simulations which
correspondto afitted pdnt in the T profile, among al the simulations to
be performed.

rdt rdt = temperature increment (K) used to perturb temperature profil es.

rzmod rzmod(imxlev) = heights of model levels used for the radiat. transf. cdc.

rpomod rpmod(imxlev) = pressure on model |evels used for the radiat. transf. cac.
rtmod rtmod(imxlev) = temperature on model levels used for the radiat. transf.
cdc.

rmrmod rmrmod(imxlev,imxgas) = volume mixing ratio for eat gas considered in
adual retrieval on model levels used for rad. tra. cdc.

ilev ilev = number of model levels (for rad. trans. cdculation)

itglev itglev(imxgeo) = number of the tangent-level for ead geometry

rzmodpert rzmodpert(imxlev,imxlmb) = perturbed adtitude grids after the
perturbation d temp. profiles.

rtmodpert rtmodpert(imxlev,imxlmb) = perturbed temperature profiles, used for the
cdculation d T derivatives

iderlay iderlay(imximb,3) highest (x,1), lowest (x,3) and middl e (x,2)

(the ore direaly abowve the 'derivated' layer) which is affeded by ead
derivative (imxImb refers to the parameter-levels)

i par ipar = number of altit udes where the temperature profil e isfitted.

Module structure

The modue proceals a ong the foll owing steps:

1. Building of the levelslocated between the lowest and the highest simulated geometries

2. building of the levels locaed above the highest simulated geometry,

3. interpadlation d temperature and VMR profil es to the dtitude levels generated in steps 1. and 2.,
determination d presaure a the generated levels,

cdculation d itgley,

generation d perturbed temperature profil es,

cdculation d the perturbed altitude grids rzmodpert,

cdculation d iderlay.

No ok

Detail ed description

Step 1 Building of the dtitude levels located between the lowest and the highest smulated

geometries.

First of al the dtitudes rzs (tangent atitudes of the simulated geometries) are taken as levels

(main-levels). Then, starting from low altitudes (from rz€(1)) the coupes of neighbouing main-

levels are procesed by CHECK subroutine which establishes, by chedking pre-defined criteria,

whether the two considered levels can be acceted. If the two levels are acceted, then the next

coupe of levelsis chedked, aherwise sub-levels are generated using the foll owing procedure:
Let'scdl rzl andrz2 the dtitudes of the two considered main-levels that canna be
acceted,
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isublev=1 (sub-level index)
(**) logic= TRUE
start loop onsub-layers lying between the two considered main-levels: j=1, ...jsublew1
rzin=rzl+ (j-1)*[(rz1-rz2)/(isublew+1)]
rz2n=rzl + j*[(rz1-rz2)/(isublew+1)] (Generated sub-level)
CHECK the mudeof levelsrzln, rz2n: theresult of CHECK modueis dored in
the logicd variable Icheck
logic = logic .and Icheck
endloop
if logic = TRUE then accept the generated sub-levels and proceed to consider the next
coupe of main-levels.
if logic = FALSE then set isublev= isublev+ 1 and proceed to (**).
After this gep, ead tangent atitude of the smulated geometries has assciated its own level;
furthermore, evenly-spaced levels can exist between the tangent altitudes. The generated sub-levels
allow to properly model the amosphere dso in the regions where the @mospheric properties have a
large variation in the scde of the distance between the tangent atitudes of two neighbouing
simulated geometries.

Step 2 building of the levels locaed above the highest simulated geometry.
Let’s dart from the tangent altitude of the highest smulated geometry rzs(igeo). New levels located
abowve rzd(igeo)are generated using the foll owing algorithm:

ifails=0
rz1 = rzd(igeo)
@) rz2 = rz1 + rincz

rz1 andrz2 are then processed by CHECK:
if the dhedk is succesul then:
rz2 isacceted asanew leve,
rzl =rz2,
rincz is st equal toitsinitial value,
ifails= 0,
proceea to ().
else
ifails= ifails+1
rincz = rincz/ (redfact * ifails)
procee to ()
endif
The aowve procedure is gopped when the new generated level is higher than the upper limit of the
atmosphere increased of the value of rincz (rulatntrincz); the level higher than (rulatn+rincz) is
nat included in the generated set of levels, but the dhedk with (rulatm+rincz) instead of rulatm
asaures that the layering is built onthe overall range of the amosphere to be amnsidered.
All the obtained levels are then sorted starting from high atitudes and recorded in the vedor
rzmod(imxleV); the total number of generated levelsisrecorded in the variableilev.

General remark: during steps 1 and 2,whenever anew level is built, the total number of generated
levels is chedked and if this number is gredaer than the parameter imxlev then, the thresholds
rmaxtvl, rmaxtv2 and rhwvar are multiplied by afador 1.1 and the procedure is restarted from step
1. Before eiting, the procedure restores the initial values of the threshalds, so that next time the
modue is cdled, the right value of the threshdlds is used. At the last cdl of the forward moddl, if
different threshalds, with resped to the user-defined ores are used, a warning is produced by the
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main program. This feaure avoids the production d alarge number of levels during the iterations of
the retrieval, when the temperature profile can be redly distorted with respedet to its red shape, and
no very acarate simulations are required.

Step 3 interpalation d temperature and VMR profiles to the dtitude levels generated in steps 1.

and 2.Computation d presaure & the dtitudes rzmod.

The following operations are performed at this gep:

¢ For ead dtitude of the vedor rzmod, the correspondng temperature rtmod is obtained by linea
interpolation (in the dtitude domain, using LININT) between the dements of temperature
profil e rtbase(imxpro) which are referred to the dtit udes rzbase(imxpro).

e For ead altitude of the vedor rzmod, the @rrespondng VMR of all the cnsidered gases (1,
.igas), rymrmod(imxleviimxgas) is obtained by linea interpdation (in the dtitude domain, using
LININT) between the dements of VMR profil es rvmrbase(imxpro,imxgas) which are referred to
the dtit udes rzbase(imxpro).

e Rebuilding of presaure profilei.e. cdculation o presaure & the rzmod altit udes.

The presaure rrespondng to the lowest level rzmod(ileV) is computed using exporential
interpolation (ESPINT) from the presare profile rpbase(imxpro) which is referred to the
altit udes rzbase(imxpro).

The subsequent elements of rpmod are then computed using hydrostatic eguili brium law, as
follows:

rpmod(i — 1) = rpmod(i)* exp{— rmowvr * graVItt_y(z rlat)* Az ]

i
where:

Z = [rzmod(i — 1)+ rzmod(i)]/ 2

Az, = rzmod(i — 1) — rzmod(i)

t. =[rtmod(i — 1) + rtmod(i)] / 2

rmovr is a parameter, (seedescription d parameters.inc)
gravity(z,rlat) iscomputed by ‘GRAVITY’ function,
I rangesfromiley, .to..., 2.

Step 4 cdculation o itglev.

itglevis an integer vedor which indicates, for eaty smulated geometry, the index of the tangent
level. itgleyi) = ] means that the tangent level of the i-th smulated geometry is the level number j;
remember that the numbering of the levels garts from high altitudes.

Step 5 Generation d the perturbed temperature profil es rtmodpert(imxlev,imximb),

The matrix rtmodpert(imxleviimximb) is expeded to contain the perturbed temperature profiles. The
k-th column of rtmodpert contains the k-th perturbed temperature profil e.

A logicd vedor cdled Iparmod of ileveements is st up. Iparmod identifies among the dtitudes
rzmod, the dtitudes where the temperature profile is fitted. The dements of Iparmod are first
initialised to FALSE.; then, orly the dements that correspond to the tangent altitudes of the
simulated spedrafor which Ifitgeo is TRUE are set to TRUE.

For eadh TRUE element of Iparmod a perturbed temperature profile is produced; in total, ipar
perturbed profiles are produced. Let’'s cdl j the index which numbers the TRUE elements of
Iparmod and I(j) the integer function which conreds the index of Iparmod to the index of the TRUE
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elements of Iparmod; in pradiceif the j-th TRUE element of Iparmod (the numbering always garts
from the top) hasindex k, it results1(j) = k.
For afixed j=2, ...,ipar-1 we describe here below how the profil e rtmodpert(1..il ev)j) is generated:
o First the vedor rtmod(1..ileV) is copied into the vedor rtmodpert(1...ilevy))
o the dement I(j) of rtmodpert is perturbed:
rtmodpert(1(j),j) = rtmod(l(j)) + rdt
e the dements of rtmodpert(l,j) with 1(j-1) < | < I(j) are obtained using linea interpadlation in
altitude, between rtmod(I(j-1)) and rtmodpert(1(j),j),
o the dements of rtmodpert(l,j) with I1(j) < | < I(j+1) are obtained using linea interpdation in
altitude, between rtmodpert(1(j),j) and rtmod(l(j+1)).
In the last two bul ets the profil es rtmodpert are ansidered asreferred to the dtitude grid rzmod.

The first and the last perturbed temperature profil es are generated in a diff erent way.
Generation d the first perturbed temperature profil e

we set: rtmodpert(1(1),1) = rtmod(I(1)) + rdt

then for k=1, ....](1)-1, i.e. in the region above rzmod(I(1)) the perturbed temperature profile is
given by:

rtmodpert(k,1) = rtmod(k) * [rtmodpert(l(1),1)/rtmod(I(1))]

the dements of rtmodpert(k,1) with 1(1) < k< I(2) are obtained using linea interpdationin altitude,
between rtmod(l(2)) and rtmodpert(1(1),1).

Generation d the last perturbed temperature profil e:
we set: rtmodpert(l(ipar),ipar) = rtmod(l(ipar)) + rdt
then for k= I(ipar)+1, ....ipar, i.e. in the region kelow rzmod(l(ipar)) the perturbed temperature
profileis given by:
rtmodpert(k,ipar) = rtmod(k) * [rtmodpert(l(ipar),ipar)/rtmod(l(ipar))] .

the dements of rtmodpert(k,ipar) with I(ipar-1) < k < I(ipar) are obtained using linea interpaolation
in altitude, between rtmod(I(ipar-1)) and rtmodpert(I(ipar),ipar).

Step 6. cdculation d the perturbed altitude grids.
The lowest altitude of the profiles is considered as unperturbed, the other altitudes are re-computed
using hydrostatic equili brium law. In pradicethe foll owing operations are performed:
If weindicate with j the perturbationindex, then forj = 1,...jpar
Begin of aloop onthe perturbationsj:
rzmodpert(ilevj) = rzmod(ilev)
begin of aloop onthelevds (jlev= 2, ...,ileV):
jj=ilevjlew1
rconst=-gravity((rzmod(jj )+ rzmod(jj + 1))/2. rlat)* rmovr
rzmodpert(jj ,j)=rzmodpert(jj+1,)+
((rtmodpert(jj ,j)+rtmodpert(jj+1,))/(2.*rconst)*
log(rpmod(jj )/r pmod(jj + 1))
endloop onlevds
endloop on grturbations.
Where rmowr is a parameter defined in the file “parameters_pt.inc'.
From now on the perturbed temperature profil es are referred to the dtitude grids rzmodpert.

Step 7. cdculation d iderlay.
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For ead perturbed profile ‘|’ we cdculate first iderlevwhich is defined as:
iderlev(j,1) is the first (highest) level where the temperature profil e rtmodpert(1..ilev,) is changed
with resped to the reference profil e rtmod (due to the j-th perturbation).
iderley(j,3) is the last (lowest) level where the temperature profile rtmodpert(1..ilev,) is changed
with resped to the reference profil e rtmod (due to the j-th perturbation).
iderleyj,2) is the cantral level where the temperature in changed becaise of the j-th perturbation;
i.e iderley,2) = itgleql())).
Afterwardsiderlay is computed as described herewith:

Begin loop on rturbationsj=1,par

iderlay(j,2)=iderlej,2)-1
Endloop on @rturbations

iderlay(1,2) = 1
iderlay(1,3) = iderlay(2,2)

Begin loop on rturbationsj=2,ipar-1
iderlay(j,1) = iderlay(j-1,2+1
iderlay(j,3) = iderlay(j+1,2)

endloop on grturbations

iderlay(ipar,1) = iderlay(ipar-1,2) + 1
iderlay(ipar,3) = ilev- 1

2.211.2 CHECK_PT

CHECK_PT ]
[?----PTFROMZ_PT*

Description: This modue isused by MKPLEV_PT in order to ched whether two neighbouing
levels can be acceted. This is dore by evaluating the temperature and the Voigt line-width
variation for a seleded referenceline, going from one level to the other.

Variables exchanged with external modules:

Name: Description:

rzl rz1 = altitude (km) of the first considered level

rz2 rz2 = altitude (km) of the second considered level

rtprof rtprof (imxpro) = adual temperature profile

rpprof rpprof(imxpro) = adual pressure profile

rzprof rzprof (imxpro) = altit udes to which rtprof and rpprof are referred.

ipro number of elements in the profil es rpprof, rtprof, rzprof

rwmolref rwmolref = moleaular weigth of the gas that has been seleded as a reference for building the
levels.

dsigm0 dsigm0 = Centre frequency of the line seleded as areferencefor buil ding the levels.

rhwOref rhwOref = half-width of the line seleded as areferencefor building the levels.

rmaxtvl rmaxtvl = max. allowed temperature variation (K) between two neighbouring levels, when the
lower level islocaed below rzt12.

rmaxtv2 rmaxtv2 = max. allowed temperature variation (K) between two neighbouring levels, when the
lower level islocaed aboverzt12.

rzt12 rzt12 = dtitude (km) where the temperature thresholds rmaxtv1 and rmaxtv2 are exchanged.
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rhwvar rhwvar = max. allowed half-width variation of the seleded reference line between two
neighbouring levels.
Ichedk Ichedk = logicd variable output of the module. If Iched is returned TRUE the chedks have
been succesdul
rexphref rexphref = exponent for the cdculation of Lorentz h-w for the line seleded as a reference for
buil ding the levels.
rlat rlat = adual latitude (degrees)
Ifirstcal Ifirstcal = logicd variable that indicates whether this is the first time that CHECK module is
cdled in the arrent run of MKPLEV PT.

Detail ed description

The thedks proceal along the foll owing steps:

Theinternal variable rmaxtv is st equal to rmaxtvl if rz1 < rtz12 otherwise rmaxtv = rmaxtv2.
The variables Icheck IchecKL and Icheck are initialised to TRUE.

Temperature and pesaure @rrespondng to the dtitudes rz1 and rz2 are evaluated using
PTFROMZ modue. The temperatures of the two levels rz1 and rz2 are stored respedively in
the variables rtempl and rtemp2, while the presaures are stored respedively in the variables
rpresl and rpres2.

The temperature variation between the two levelsis chedked:
if [rtempl— rtemp2 < rmaxtv then set Icheckl = FALSE

Dopper and Lorentz half-widths rhwd, rhwl of the seleceal reference line ae then evaluated at
thetwo levels:
rhwd1=dsigm0*3.581047d7*sgrt(rtempl/rwmolref)
rhwd2=dsigm0*3.581047d7*sgrt(rtemp2/rwmolr ef)
rhwl 1=rhwOref* (rpresl/rpOh)* (rtOhrtempl1)** rexphref
rhwi2=rhwOref* (r pres2/rpOh)* (rtOhrtemp2)** rexphref

The Voigt half-widths rhwv are then given by:
rhwvl = 0.5 *rhwil * 1.0686215708754 sqrt(rhwl1*rhwi1*0.216866444+ rhwd1*rhwd1l)
rhwv2 = 0.5 *rhwi2 * 1.0686215708754 sgrt(rhwi2*rhwi2*0.216866444+ rhwd2*rhwd2)

The ratio rhwrat between the two half widthsis then:
rhwrat = abs(rhwv2 / rhwvl)

The thedk onthe half-widthsisthen performed:
if rhwrat < 1 then set rhwrat=1./rhwrat
if rhwrat > rhwvar then Icheckl = FALSE

The result of the chedksisthen stored in Icheck
Icheck= IchecKlL .and. Icheck?.
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2.211.3 CONLAY_PT

Description:
Caculation d the continuum layer values and their partial derivatives with resped to the parameter
levels.

Variables exchanged with external modules:

Name: Description:

rpbase presaure on the base-levels

rchase continuum on the base-levels for eaty Mw

ibase number of base-levels

rpmod presaure on the model-levels

ilev number of model-levels

iderlay highest (x,1) and lowest (x,3) and middle(x,2) model layer which is affeded by eat
derivative (imxImb refers to the parameter-levels)

|parbase logicd occupation vedor in the base-grid which determines which base-level is also a
parameter-level

nselmw number of microwindows of the retrieval

rclay model-layer values of the mntinuum

rpartcder partial derivatives of the continuum layer values with resped to the parameter-level
values

M odule structure:

loop 1 wer all microwindows
1.Calculation d rclay
2.Caculation d rpartcder
endloop 1

Detail ed description:

loop 1 over all microwindows:
jmw=1—nselmw

1.Caculation d rclay:
Inaloop owr al layersthe continuum isinterpoated to the middle presaure of ead layer:
For 1< klay <ilew1:

rpmod(klay) + rpmod(klay + 1)

Determine the mid presaure of the layer: rl= >

Determine the base levels in between rl lies. These levels are mbas and mbas+1. Then the
interpolationis dore:




Prog. Doc. N.: TN-IROE-RSA9602
Issue: 3

Date: 07/02/02 Page 65392

Development of an Optimised Algorithm for Routine p, T
@ IROE and VMR Retrieval from MIPAS Limb Emisson Spedra

rclay(klay, jmw) = rcbase(mbas, jmw) +
r1- rpbase(mbas)
rpbase(mbas + 1) — rpbase(mbas) '
(rcbase(mbas+ 1, jmw) — rchase(mbas, jmw))

2.Calculation d rpartcder:

Thiswill be described after the implementation d the cntinuum retrieval.

22114 POINT_PT

POINT_PT]
(((+BLIND_PT *

Description

Determination d the matrix of the IAPT (Implemented Atmospheric Pressure and Temperature)
numbers.

(For the mncept of ‘IAPTs ®e &so: Technicd note on: High level algorithm definition and ptysicd
and mathematicd optimisations, TN-IROE-RSA9601)

Variables exchanged with external modules:

Name: Description:

igeo number of simulated geometries

itglev number of the tangent-level for ead geometry

iept number of additional IAPTsfor ead geometry above the lowest geometry
ipoint matrix, which attaches to ead pair of layer/geometry the IAPT number
ipath number of different IAPT numbersinipoint

Module structure

1. Calculation d ipoint andipath

Detail ed description

1. Calculation d ipaint andipath

In the foll owing we will shortly explain the mncept of IAPT numbers.

This numbering results from the gproximation that we will not cdculate the eguivalent
temperatures, presaures and the related crosssedions for eat passble pair of layer/geometry, but
only for seleded pairs. These seleded pairs are indicated by their different IAPT numbers and the
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set up d this sledion is controlled by the input parameter iept, which is the number of new IAPT
numbers in ead geometry above the lowest one. (Therefore, the matrix ipaint is a transformation
from the two dmensions layer/geometry to ore dimension, the IAPT number, and all ows to reduce
the dimensions of the vedors rpeq, rteq and rcross)

The following picture shows an example of 4 geometries and 8 layers together with the IAPT
numbers belonging to ead layer/geometry. In this caseiept is 2, i.e. 2 rew IAPT numbers for eat
geometry 1,2and 3.

Boundary of
the atmosphere

Geometries:

IAPT numbers:

MIPAS

1 2 /3 91
2 31375767575

T 4

Layers: 1 2 3 45 67 8

Therelated matrix ipoint is:

1 1 1 13]
2 2 2 14
3 311 0
4 4 12 0
5 9 0 0
6 10 0 O
70 0 0
8 0 0 O]

andipathis 14.
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For different values of iept this matrix is:
1 1 1 1] 1 1 1 1] (1 1 1 15]
2 2 2 2 2 2 2 11 2 2 12 16
3330 33 3 0 3 3 13 0

: 4 4 4 0 , 4 4 10 O : 4 9 14 0

ipoint'®=0 = ipoint'®=t = ipoint'®=3 =

P 5 50 0P 550 0P 510 0 0
6 6 00 6 9 0 O 6 11 0 O
7 000 7 0 0 O 7 0 0 O
18 0 0 O] 8 0 0 O] 18 0 0 O]

For negative values of iept, all pairs of layer/geometry are distinguished:
1 9 15 19]
2 10 16 20
3 11 17 O

. 4 12 18 O

ipoint'®'<0 =
513 0 O
6 14 0 O
7 0 0 O
8 0 0 O]

The build-up d this matrix in the modue is redised by first setting for ead geometry jgeo all
matrix elementsto their layer number (up to the tangent layer itglejgeo)-1) and all othersto 0.In a
following loop owr jgeo, beginning from the 2nd lowest geometry igeo-1 al layers between
itgleWjgeo)-iept and itgleV(jgeo)-1 get a new number, their IAPT-number, which is courted up.The
highest IAPT-number is automaticaly also the output ipath.
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2.2.11.5 CURGOD_PT

CURGOD _PT

(----BLIND_PT *
(----DREFIND_PT +
((---SQRT *
((--QSIMP5_PT >
l(((--DREFIND_PT +

|((((-SQRT *
[(((+QSIMP5_PT >

Description: This subroutine performs the ray-traang for the diff erent geometries and cacul ates,

1.

for al the pairs geometry-layer:

e the wlumn o all the gases (rcol) that have to be taken in acourt in the adual retrieval

the perturbed column (rcolpert) of the main gas of the adua retrieva for the perturbed
temperature profil es

the ar column (raircol)

the length o the opticd path (ropath) in the layer

. and, orly for asub-set of the posgble ‘paths’, the IAPT-numbers (seesubroutine point):

the equivalent presaure (in Curtis-Godson meaning) (rpeq) for al the gases (IAP)

the perturbed equivalent presaure (rpegpert) of the main gas for the perturbed temperature
profil es

the equivalent temperature (rteq) for al the gases (IAT)

the perturbed equivalent temperature (rteqpert) of the main gas for the perturbed temperature
profil es.

For some explanations of the reasons of the doices implemented in this modue, refer to T.N. on
‘High Levé algorithm definition and physical and mathematical optimisations (TN-IROE-
RSA9607), sed. 6.1and 6.2.
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Variables exchanged with external modules:
Name; Description:
ipath Total number of different IAPTs number
igeo Total number of simulated geometries
ipar Total number of altitudes where the temperature profil i s fitted
ilev Total number of atmospheric levels
itglev Vedor that associates to ead geometry, the crresponding number of the tangent level.
iderlay iderlay(imxImb,3): highest (x,1), lowest (x,3) and middle (x,2) (the one diredly above

the 'derivated' layer) layer which is affeded by ead derivative (imximb refers to the
parameter levels)

ipoint Matrix of |APT-number

igas Total number of gasesin the seleded MW

rpmod rpmod(imxlev) = presaure on levels used for the radiat. transf. cdc.

rtmod rtmod(imxlev) = temperature on levels used for the radiat. transf. cdc.

rtmodpert | rtmodpert(imxlev,imximb) = perturbed temperature profil es, used for the cdculation of T
derivatives

rzmod rzmod(imxlev) = heights of levels used for the radiat. tranf. cdc.

rzmodpert | rzmodpert(imxlev,imximb) = perturbed altitude grids after the perturbation of temp.
profil es.

rmrmod rmrmod(imxlev,imxgas) = volume mixingratio for eat gas considered in acual retrieval
on levels used for rad. transf. cdc.

rlat latitude of the adual li mb-scan (deg.)

reaad eath radius

deps degreeof acarracy required for the cdculation of Curtis-Godson integrals

rpeq rpeq(imxpat,imxgas) = implemented atmospheric (equivalent) presaures (IAPs)

rpegpert rpeqpert(imxpat,2) = equivalent presaures of the main gas for the perturbed temperature
profiles

rteq rteq(imxpat,imxgas) = implemented atmospheric (equivalent) temperatures (IATS)

rtegpert rtegpert(imxpat,2) = equivalent temperatures of the main gas for the perturbed
temperature profil es

rcol rcol (imxlay,imxgeo,imxgas) = columns for ead layer, eat geometry and eah gas

rcol pert rcolpert(imxlay,imxgeo,2) = columns of the main gas for the perturbed temperature
profiles

raircol raircol (imxlay,imxgeo) = air-column for ead layer and ead geometry

ropath ropath(imxlay,imxgeo) = opticd path lenght for ead layer, eac geometry

rtmain rtmain(imxpat) = Curtis-Godson equivalent temperature (IAT) of the main gas

Module structure

1. Initialisation o some variables.
Begin loop 1 wer all the ssimulated geometries
2. Cdculation d the number of layers correspondng to the mnsidered geometry, tangent
altitude and Snell’ s law constant.
Begin loop 2 wer layers of the actual geometry
3. Che if the adual combination geometry-layer (‘path’) corresponds to a new
IAPT number.
4. Preparation d the inpus for subsequent cdculation d theintegrals
Begin loop 3 wer all the gasesin seleded microwindows
5. Definition d VMR of the adua gas onthe boundaries of the layer
6. Calculation d the following integrals:
e gas column for al the *paths’ (combination d layer and geometry);
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e ar column and path length for al the paths (this cdculation is
independent on the gas, so it has to be dore only oncein the do-loop on
gases);
o |APTSs.
7. Calculation and storage of required quantities and definition d the main
equivalent temperatures
endloop 3
Begin loop 4 wer retrieval parameters
Begin condtion 1 if the actual path needs a calculation d the eguivalent
values for the temperature profil e perturbed at the considered parameter:
8. Preparation d the inputs for subsequent integration
9. Calculation d the following integrals (only for the main gas):
e perturbed column for ead path
e perturbed IAPTS.
10. Calculation and storage of required quantiti es.
end condtionl
Endloop 4
Endloop 2
Endloop 1

Detail ed description:

1. Initialisation d some variables

The variable that countsthe IAPT iporew is st equal to 0(see3.).

Each element of the matrix of the perturbed equivalent temperature is st to 100 (this alows to
avoid some ‘if-condtions’, withou finding singularities, in the modue that cdculates the aoss
sedions).

loop 1 wer all the simulated geometries
kgeo=igeo—1
We start from the lowest geometry (igeo) in order to read matrix ipoint in the appropriate way.

2. Calculation d some variables.
_Determination d the number of layers for the adual geometry (ilayge=itgle\kgeo)-1).
_Determination o the tangent altitude referred to the surface of the eath Iy
(dtand=rzmod(ilayge+ 1)) and to the centre of the eath Ry (dtan_O-rearad+dtand).
(In the following R will i ndicate aparticular altitude referred to the cantre of the eath, r the same
altitude referred to the surfaceof the eath.)
_Calculation d constant in Snell’s law:

dsnellc= Rr - n(rr).
Therefradiveindex at atitude r isafunction d presaure and temperature & that altitude.
It is caculated by the function drefind(T,p).

loop 2 e all thelayeas to be mnsidered for each geometry
lay=1—itgleMkgeo)-1
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3. Che if the ad¢ual combination geometry-layer (‘path’) correspondsto a new |APT-number
For the atual combination geometry-layer, a ded is performed in order to establish whether
equivaent presaure and temperature have to be cdculated or naot.

Only if the IAPT-number ipoint (lay,kgeo) is greaer than iponew, the pointer iponew is updated
to the value of ipaint (lay,kgeo) andthe logicd variable Iflag passes from false to true.

4. Preparation d the inputs for subsequent integration

This ®dion pepares the inpus to modue gsimp5 that will compute the integrals.

Thelogicd variable Inopert is %t equal to true: this means that we ae nat cdculating perturbated
guantiti es, so the ar column and the path length will be cdculated.

dalay=rzmod(lay+1), dta=rtmod(lay+1), dpa=rpmod(lay+1) and dblay=rzmod(lay),
dtb=rtmod(lay), dpb=rpmod(lay) are respedively the heights (referred to the surface of the
eath), the temperatures and the presaures on the lower and Hgher boundary of the layer.

Theintegration variable x used for subsequent integralsis. X = -/ RZ— R% .
So, the heights referred to the centre of the eath of the boundxries of the layer (da_Oand db_0
are used for cdculating the limits of integration for the adual |ayer:

dxa=-/da_0%—dtan_0? and dxb=-/db_0% — dtan 02.

loop 3 we the all the gases in the seleded microwindows
jgas=1—igas

5. Definition d VMR of the gas on the boundhries of the layer

dmra=rmrmod(lay+1,jgas) and dmrb=rmrmod(lay,jgas) are the VMRS of the adua gas on the
boundiries of the layer.

6. Calculation d the eguivalent values by means of integration along the line of sight.

The modue qsimp5 (dalay, dxa, dday, dxb, da, db, dpa, dpb, ohra, dnrb, dsnellcpert,
dtan_Opert, rearad, rat, deps, dcoll, daircoll, dopahl, dtl, dol, 1,Iflag, Ipert)

performsthe caculation d all the required integrals.

7. Calculation and storage of required guantiti es and definition o main equivalent temperatures
The lumn (in nunmber of moleales per square centemeter) of the adual path is finaly
cdculated and stored:

rcol(lay, kgeo, jgas) = dcoll - rk-107°,
whererk is a parameter contained in the file ‘ parameters.inc’ and the factor 10° is due to the fad
that the VMRs are read from input in parts per milli on (ppm).
If logicd variable Iflag is true, the equivalent presaure (in mbar) and temperature (°K) are
normali sed and stored:

: : dpl
rpeg(iponew, jgas) = - .

: : dtl
rteq(iponew, jgas) = ;i
Sincethe ar column and the path length are indipendent on the gas, inside the loop onthe gases
they haveto be cdculated only thefirst time (jgas=1).
Besides, since CO, has locd code equal 1 in p-T retrieval, if jgas=1, the ar column, the path
lenght and the temperature of the main gas are cdculated:
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raircol =daircoll -rk ,
ropath(lay, kgeo) = dopathl ,
rtmain(i ponew) = rteg(iponew, jgas)

loop 4 e theretrieval tangent altit udes
jpar=1—ipar

Condtion 1

When the value of one tangent temperature is perturbed, it is assumed that not all the olumns
and IAPTSs are perturbed, bu only the IAPTs and the mlumns correspondng to layers between
the two tangent levels contiguous to the perturbed ore.

1))
The variable iderl a)JLj par,j Zl | represents respedively the
3/)
! hightest layer L
middle layer (the one directly abovethe pert.levd) affeced by perturbed level jpar.
lowest layer

For this reason, two dfferent perturbed values of IAPTs and columns have to be caculated

respedively for eaty IAPT-number and ead peth, ore is obtained when the tangent temperature

is perturbed on a tangent level abowve the layer (rpegpert(jpath,2), rteqpert(jpath,?2),

rcolpert(jpath,2)), the other one when the tangent temperature is perturbed onthe tangent level

below it (rpegpert(jpath,l), rtegpert(jpath,1), rcolpert(jpath,1)).

The only exceptions occur for the hightest and the lowest parameter.

Therefore, inside the loop onthe parameters (jpar=1—ipar), if the condtion:

iderlay( jpar,1) <lay <iderlay( jpar,3) ,

a procedure analoguous to that performed from 2 to 7 is repeded, bu some diff erences have to

be mnsidered.

8. Preparation d the inpus for the integration

Thelogicd variable Inopert is st to false, in order nat to caculate the cnsidered air column and

the path in this case.

The foll owing quantiti es are cdculated:

o perturbed tangent atitude, referred to the surface (dtandpert=rzmodpert(itgleukgeo),jpar)),
andto the centre of the eath (dtan_Opert=dtandpert+rearad)

e Snel’s law constant for perturbed tangent altitude
(dsnellcpert = drefind(rtmodpert(ilayge+ 1), rpmod(ilayge+1))- dtan_Opert)

¢ thelimits of integration dxa and dxb

o the values of presaure dpaand dph perturbed temperature dta and dtb and VMR of the main
gas dmra and dnmrb onthe boundiries of the layer.

The loop onthe gases is naot performed in this case, becaise it is assumed that the main
contribution to the derivatives arises from the main gas.

9. Calculation d perturbed eguivalent guantiti es
The modue
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gsimp5(dalay, dxa, dday, dxb, da, db, dpa, dpb, dra, dnrb, dsnellcpert, dtan_Opert, rearad,
rlat, deps, dcoll, daircoll, dopahl, dtl, dpl, 1, Iflag, Ipert), together with its sub-modue trapz5,
performsthe caculation d al the required integrals.

10. Calculation and storage of required guantiti es
If the layer is above the perturbed level (lay < iderlay( jpar,2))

the perturbed column (in number of moleaules per square cantimeters) of the adual pathis
cdculated and stored:

rcolpert(lay, kgeo,1) = dcollpert - rk - 1075

If logicd variableIflagistrue
equivaent presaure (in mbar) and temperature (in °K) are stored in the first row:

. dpl
rpeqpert(iponew,1) = chc)JII ,

. aitl
rtegpert(iponew,1) = Sooll

endif
else (the layer is below to the perturbed levd)
rcolpert(lay, kgeo,2) = dcollpert - rk - 107

If logicd variablelflagistrue

. dpl
rpeqpert(iponew,2) = dclgll ,
. atl
rtegpert(iponew,2) = Sooll
end if
end if

The factor 10° hasto be used becaise the VMRs are given in ppm, rk is a parameter.

2.2.11.6QSIMP5_PT & TRAPZ5 PT

QSIMP5_PT
|-----DREFIND_PT +
|-----DFUNC1_PT >
|----TRAPZ5_PT

|  (--SQRT*

|  (--PTNMRFROMZ_PT

I |  -{--LOG*

I |  -{--LOG*

I | ----EXP*

| |  ---DREFIND_PT +

|  (--DFUNC1_PT >

Description:
Starting from:
¢ thelimits of integration dxa and dxb,
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¢ the value of temperature, presaure (and consequently of refradive index) and VMR of the adual
gas onthe boundhries of the layer,
¢ theinterpdationlaw in altitude of al these quantiti es inside the layer,

these two modues can cdculate five different numericd integrals: dcoll, dd, dtl, darcoll and
dopahl. According to the value of the logicd variables Iflag and Inopert some of them are not
cdculated.

Variables exchanged with external modules:

Name; Description:

dalay altitude of the lower boundary of the layer

dxa lower limit of integration

dblay altitude of the higher boundary of the layer

dxb higher limit of integration

dta temperature crresponding to the lower boundary of the layer
dtb temperature crresponding to the higher boundary of the layer
dpa presaure orresponding to the lower boundary of the layer
dpb presaure crresponding to the higher boundary of the layer
dmra VMR corresponding to the lower boundary of the layer

dmrb VMR corresponding to the higher boundary of the layer

dsnellc Snell’ s law constant
dtan 0 tangent altitude referred to centre of the eath

reaad eath radius

rlat latitude

deps required acairacy for the integrals caculation

dcaoll returned column of this path (to be moved to the thoisen measurement units)

daircoll returned air density (to be multi plied by parameter rk)

dopathl returned path lenght (in km)

dtl returned equivalent temperature (to be normali sed)

dpl returned equivalent presaure (to be normali sed)

jgas acdual gas number (locd code)

Iflag logicd variable: only when it is true, the equivalent pressure and temperature have to be
cdculated

Inopert logicd variable: it is true when the not-perturbed profils are cnsidered. Only when it is true

the ar column and the path lenght have to be cdculated.

Module structure:
See'Numericd Redpesin FORTRAN’, pag. 130-133.

Detailed description:

The structure of this modue is exadly the same of the one reported on ‘Numericd Redpes in
FORTRAN’, pag. 130133, with the exception that more than ore integra (a maximum of five
integrals) are cdculated at the same time.

In particular, the integrals are computed in numerica way using Simpson rule: in the implemented
method, the trapezoidal ruleisrefined urtil aspedfied degreeof acaracy deps has been achieved.

The integrals cdculated by gsimp5 and trapz5 modues are the foll owing:

o p(r(x) ds
1. dcoII—d{(anas(r(x))-_l_(r(X))-w(-dx
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dxb 2
p%(r(x)) ds
2 dpl = f X gas(r(x)) - 0 05 - dx
dxa o T(r(x ) ax
; it = T ¥ galr0)- plr(x)- -
. = gas dx
dxa
dxb
_ r(x)) ds
4 daircoll = T plr ))-d-dx
dxa T(r(x)) X
dxb
ds
5. dopathl = ax dx;
dxa X

In these integrals the integration variable x, is given by:
x=-/R?— R% :
ds
&-dx represents the increment along the line of sight s, refradive index dependent,
X gas(r(x)), pr(x)), T(r(x)) represent respedively the gas VMR, pressuire axd temperature

behaviour as afunction the integration variable x.

The values of presaure, temperature, VMR, refradive index at a particular height r correspondng to
the particular x is computed by the modue
ptnmrfromz (dz1, dday, dta, dpa, dnra, dday, dtb, dpb, anrb, dtl, dpl, dmrl, drefindl).

The function

I
dfuncl(dx,drefr,{ dsnefle }{ dtan_0

dsndll cpert dtan_Opert}’ dal ay, dta, dpa, dbl ay, dtb, rl at)

cdculates the value of Si at the dtituder.

The cdculation d some of the integrals is boundto the value of the logicd variables Iflag and
[Inopert.

In particular, integral no.1lis always cdculated, integrals no. 2and 3are cdculated orly if logicd
variable Iflagistrue, integras no. 4and 5are cdculated ony if Inopert istrue andjgasisequa to 1,
so the relative outputs of this modue have meaning only when these andtions are verified.
Actually, in order to reduce the number of *if-condtions’, the cadculation are performed for all the
integrals, while the acaragy criteria ae hedked only for the required integrals.
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2.2.11.7DFUNC1_PT

DFUNC1_PT
[>----DLIM_PT ]
|  {---GRAVITY *

Description:

This function cdculates the derivative of the line of sight swith resped to the integration variable x,
ds

dx -

Since this function hes a resolvable singularity in corresponcence of the tangent height, the
expresson d the limit isused in this case.

Variables exchanged with external modules:

Name: Description:

dx adual value of the integration variable x

drefr refradive index at r(x)

dsnellc Snell’ s law constant of the adual configuration

dtan 0 tangent altitude referred to the cantre of the eath

dalay height of the lower boundary of the layer

dta temperature corresponding to the lower boundary of the layer
dpa presaure corresponding to the lower boundary of the layer
dblay height of the higher boundary of the layer

dtb temperature corresponding to the higher boundary of the layer
rlat latitude (it is used for cdculating the numericd li mit)

Module structure:
Begin condtion 1 singular point
1. Theresult isobtained using the functiondlim (dalay, dta, dpa, dbay, dtb, dan_0,rlat)
else
2. Theresult is obtained using function duncl
end condtion 1

Detail ed description:
Condtion I

ds
if the input variable dx is snaller than 10° km, then we ae & the tangent altitude: since& has a

resolvable singularity at this point, dfuncl is cdculated using the
functiondlim(dalay,dta,dpa,dblay,dtb,dtan_Orlat)

1.

dfuncl=dlim(dalay,dta,dpa,dlbay,dtb,dtan_Orlat)

2.

dfuncl is cdculated using the foll owing formula:
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1
dfuncl=

dsnellc?  dtan 07
1- 2 2t 2
drefr < - dx dx

2.211.8DLIM_PT

Description

ds
This function cdculates the limit of the function dx at the tangent altitude.

Variables exchanged with external modules:

Name Description

dalay height of the lower boundary of the layer

dta temperature corresponding to the lower boundary of the layer
dpa presare corresponding to the lower boundary of the layer
dblay height of the higher boundary of the layer

dtb temperature corresponding to the higher boundary of the layer
dtan 0 tangent altitude referred to the centre of the eath

rlat latitude (it is used for cdculating the numericd li mit)

Detail ed description:

After the cdculation d the dtitude of the mean altitude of the layer drmed and the gradient of the

temperature inside the layer dgradt, the returned value is caculated using the foll owing expresson:
1

(dta‘ rmvr - gravity(drmed,rlat)- (dtaidtb)+ dgradt}

dpa (a2
1+ren- dta

gravity(r,rlat) is the function that cdculates gravity acceeration, knavn the dtitude and the
latitude, rmvr and rcn are parameters contained in the file  parameters.inc'.

dlim=
\/1 dtan O rcn-dpa

2.211.9DREFIND_PT

Description:
Thisfunction cdculates refradionindex n for given temperature and presaure.

Variables exchanged with external modules:

Name: Description:
dt temperature
dp presaire

Detail ed description:

The used formulais:
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.. d
n=1+ reflnd-d?.

refindis a parameter contained in the fil e ‘ parameters.inc’

2.2.11.10 PTNMRFROMZ_PT

Description:

Starting from the value of presaure, temperature, refradive index, VMR on the boundxries of a
given layer, this modue cdculates the value of presaure, temperature, refradive index, VMR for a
given dtitude dz1 inside the layer.

Variables exchanged with external modules:

Name: Description:

dzi atitude, referred to the surface of the eath, where the values of presaire, temperature,
refradve index and VMR are required.

dalay altitude of the lower boundary of the layer

dta temperature in correspondence of dalay

dpa presaure in correspondence of dalay

dmra VMR in correspondence of dalay

dblay altitude of the higher boundary of the layer

dtb temperature in correspondence of dblay

dpb presaure in correspondence of dblay

dmrb VMR in correspondence of dblay

dtl returned temperature & dz1

dpl returned pressure & dz1

dmrl returned VMR at dz1

drefindl | returned refradive index at dz1

Module structure:

1. Calculation d the temperature dtl at the dtitude dz1 by using alinea interpalation.
2. Cdculation d presaure dplat the dtitude dz1 by using exporentia interpolation.
3. Cdculation d VMR dnrl at the dtitude dz1 by using alinea interpolation.

4. Calculation d refradive index drefindlat the dtitude dz1.

Detail ed Description:

1. Inside the layer, the temperature dtl is interpoated linealy in dtitude, knovn the values of
temperature (dta and dtb) and the heights of the levels that delimit the boundiries of the layer (dalay
and dblay).

2. The presaure dplat altitude dz1 is obtained performing an exporential interpolation d the values
of presaure onthe boundxries of the layer dpaand dph.

3. The value of VMR at dzl is obtained by performing a linea interpalation d the vaues of VMR
onthe boundiries of the layer (dmra and dnmrb).

4. The refradive index drefindl at the dtitude dz1 is computed by the function drefind(dt1,dpl).




Development of an Optimised Algorithm for Routine p, T
and VMR Retrieval from MIPAS Limb Emisson Spedra

@) IROE

Prog. Doc. N.: TN-IROE-RSA9602

Issue; 3
Date: 07/02/02 Page 19392

2.2.11.11 CROSS PT

CROSS PT
|-----BLIND_PT *
|----LOFICO_PT ]
|-----FLINT_PT *
| +---FPARTS PT *
|-----DECOMPR_PT *
(((+HUMLI_PT ]
I(((+FLINT_PT *
(((+FCO2CHI_PT *
l((+POLCOE2ND_PT +
l((+POLCOE2ND_PT +

Description:

e Using the spedroscopic line-data this routine determines the @sorption crosssedions for eah
general wavenumber fine grid pant, ead IAPT number and ead gas which has to be mnsidered
in the adual microwindonv using the equivalent presaures and temperatures cdculated in

‘curgod_pt’ for the unperturbed atmospheric profile.

e Addtionaly it cdculates the asorption crosssedions for eat general wavenumber fine grid
point, for ead IAPT number, bu only the main gas, using the equivalent temperatures which
were caculated in ‘curgod_pt’ for the temperature-perturbed atmospheric profil es.

¢ In the cae qosssedion look-up tables are available, this modue returns the value of cross
sedions obtained decompressng the compressed look-up tables. ORM is able to handle dso
cases in which the look-up tables are available only for a sub-set of the operational
microwindows and for a sub-set of the gases contributing to the enissonin ead microwindow.

¢ Inthe caeirregular grid is avail able, this modue returns the value of the a@osssedion onthe so-
cdled ‘compressed’ grid, that isthe grid containing only the ‘1’ grid pants of the irregular grid.

Variables exchanged with external modules:

temperature profil es

Name: Description:

imw number of the adual Mw

rpeq equivalent presaires

rteq equivaent temperatures

rtegpert equivalent temperatures of the main gas for the perturbed

rpeqpert equivalent pressure of the main gas for the perturbed
temperature profil es (not used in thisversion d cross pt)

itglev number of the tangent-level for ead geometry
isgma number of wavenumber grid pants for ead Mw
dsigma general wavenumber fine grid

delta genera fine grid interval [cm-1]
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igeo number of simulated geometries

iocsim occupation matrix for the simulations to be performed

igasmw number of gasesto be mnsidered in eat Mw

ruplin upper limit where the line has to be considered [km)]

rlolin lower limit where the line has to be considered [km]

ili ne number of linesin ead microwindow

icode HITRAN codefor ead line of eath Mw

rint0 line intensity for ead line of eadt Mw

relow lower state energy for ead line of ead Mw

rhwO foreign broadened half width for ead line of ead Mw

dsilin central wavenumber for ead line of eathh Mw

ioutin flag for eadh line of eadh Mw
=1: line-shape has to be cdculated at eath wavenumber
inside the Mw
=2: line is considered as neaby continuum (cdculated at
threepaints inside the Mw

igasnr global gas number for the locd gas number of ead Mw

rexph exporent for T dependence of haf width for ead line of
eah Mw

rwmol moleaular weight for eadr HITRAN molealar code and
isotope number

igashi HITRAN code number for eat global gas number

iSO isotope number for ead line of eathh Mw

ipoint IAPT-number for ead layer and ead geometry

ninterpol switch for the dedsion d interpoation d the asorption
crosssedions for the geometries above the lowest geometry
(only if the IAPT number of the path is increasing, which
was dedded duing the cdculation d ipaint)
=-1: nointerpalation, al crosssedions recdculated
=0: al crosssedions above the lowest geometry are
interpolated
=1: new cdculation orly of the tangent-layer, all other layers
interpolated
=2: new cdculation d the tangent-layer and the layer abowe,
al othersinterpoated
=3 ...

raircol air-column for eat layer and ead geometry

rcol column amourts for ead layer, eat geometry and ead gas

rzmod heights of levels used for the radiat. tranf. cdculation

Imgas logicd array Imgas(imxgmw,imxmw)
Imgas(mgas,imw)=.true. : cdculation o crosssedions

withou look-up tables
Imgas(mgas,imw)=.false. :cdculation o crosssedions by
means of look-up tables

ilookupmw | integer*4 ilookupmw(imxmw)
ilookupmw(imw)=0 nolook-up tables for mw imw
ilookupmw(imw)=1 look-up tables for al the asorbers of
the mw
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ilookupmw(imw)=2 look-up tables for not al the @sorbers
of the mw

nll

I*4 : nll (imxgmw,imxmw): number of basis veaor

np

I*4 : npl(imxgmw,imxmw): number of -log(presaire)
tabulation pants

rpll

R*4: rp (imxgmw,imxmw): lowest -log(presaure) value

rdpl

R*4: rdpl(imxgmw,imxmw): spadng of -log(presaire)
tabulation

ntl

[*4: ntl(imxgmw,imxmw): number of temperature tabulation
points

rtll

R*4: rtdl(imxgmw,imxmw): lowest tabulated temperature

ratl

R*4: rdtl(imxgmw,imxmw): spadng of temperature
tabulation

ru

R*4: ru(imxsi2,imxbv,imxgmw,imxmw): U-matrix

rki

R*4: rkl(imxbv,imxnx,imxgmw,imxmw): K-matrix

tab

charaaer*3: tab(imxgmw,imxmw): tabulation code of cross
sedion look-up tables

rCross

R*4: rcrosgimxsi2,imxpat,imxgmw): absorption cross
sedions for ead general wavenumber fine grid pant (1st
index), ead IAPT number (2nd index) and ead gas (3rd
index) for the adual Mw

rcrosgert

R*4: rcrosgert(imxsi2,imxpat,2): absorption crosssedions
for the main gas. for eath general wavenumber fine grid
point (1st index), for ead IAPT number (2ndindex), and for
the two equivalent temperatures profiles (3rd index). So,
rcrosgert(i,j,1) are the aoss ®dions cdculated using the
temperatures rteqpert(j,1) and rcrosert(i,j,2) by using
rteqpert(j,2).

lirrgridmw

logicd: lirrgridmw(imxmw): logicd vedor that, for eah
seleded microwindov in the adual retrieva, indicaes
whether the irregular grid is avail able.

iigrid

integer*4: iigrid(imxsig,imxgeo,imxmw).

ligrid (1— isigma(imw),imw): irregular grid in the ‘0’ and
‘1’ representation for all the fine grid padnts of the extended
microwindow imw.

nusedl

integer*4: nused1(imxmw): total number of points of the
compressed grid for ead microwindowv

Module structure:

1. Initialisation d variables
Begin loop 1 ower the geometries valid for the actual microwindow

Begin loop 2 wer the layers of the actual geometry for which a rew cross sedion
be determined

Begin condtion 1 onthe use of look-up tables

2Calculation d crosssedions by means of avail able look-up tables

End condtion 1

must
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Begin condtion 2: the aosssedions are alculated without look-up tables
Begin condtion 3 the doss dions are interpolated
Begin loop 3 wer the gases of the actual Mw
3. Interpdation d the adoss ®dions
endloop 3
else mndtion 3the aoss #dionsare @lculated
4. Definition d locd fine and coarse wavenumber grid
Begin loop 4 over all li nes of the actual Mw that must be mnsidered for the
actual altitude
5. Initialisation d variablesfor line-caculation
Begin condtion 4thelines are alculated at each pant
6. Calculation d thelinein thelocd coarse grid
7. Calculation d thelinein thelocd fine grid
8. Calculation d theline for the temperature
perturbed cross dionsin the warse andfine
grid
else ondtion 4thelinesare handed as near continuum
9. Calculation d theline & 3 pantsinside the Mw
end condtion 4
endloop 4
10.Interpdlation d the T perturbed cross dions to the genera
wavenumber fine grid
Begin loop 5 wer the gases of the actual Mw
11. Interpolation d the aoss edions from the locd coarse and fine grid
to the general fine grid
12.Interpdation d the nearby continuum to the general
fine grid
endloop 5
end condtion 3
end condtion 2
endloop 2
endloop 1

Detail ed description:

loop 1 wer the geometries valid for the actual microwindow

kgeo=igeo—1

if [iocsim(kgeo,imw)=0]

Starting from the lowest geometry (igeo) this loop (i.e. the commands inside the loop) is only
exeauted if this observation geometry hasto be smulated for the acual Mw.

loop 2 wer the layers of the actual geometry for which a rew crosssedion must be determined
[lay=1—itgleVkgeo) -1

This loop tegins from the outer layer and goes down to the tangent layer (itgle\kgeo)-1). It is only
exeauted if new crosssedions must be cdculated, i.e. if the IAPT-number ipoint(llay,kgeo) is
increasing. For the cases that the IAPT number is not increasing, the aosssedions have drealy
been cdculated duing an ealier exeaution.
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Condtion 1 onthe use of look-up tables
if ilookupmw(imw) = 0 , & least for some of the absorbers contained in the mw look-up tables
areavailable.

condtion 2 the dosssedions are alculated withou look-up tables
if ilookupmw(imw)=0 OR.. ilookupmw(inw)= 2,
the line-by-line dosssedion cdculationis performed.

condtion 3 the aoss £dions are interpoated o calculated

The aoss ®dions are interpolated (using the aoss ®dions which have dready been cdculated for
the lowest geometry) if we ae not in the lowest geometry and if we ae in a layer that has to be
interpolated (indicaed by ninterpal):

if [kgeo<ilowgeo A llay < itglekgeo)-ninterpa A ninterpol=-1]

Where il owgeo is the lowest geometry that must be cdculated for the acual Mw.
If this condtions are nat fulfill ed the aoss ®dions are cdculated explicitly using the line data.

loop 3 wer the gases of the actual Mw

mgas=1—igasmw(imw)

The alculation inside this loop ae performed ony if one of the following condtions are
verified:

ilookupmw(imw) = 0 .0. Imgas(mgas,imw) = .true.

loop 4 over all lines of the actual Mw that must be considered for the actual altitude and
correspondng to gases of which crosssedion was nat previously calculated with the use of
look-up tables

mli ne=1,ili ne(imw)

if [ruplin(mline,imw)>rzmod(llay)>rlolin(mli ne,imw)]

if [ilookupmw(imw) = 0 .a. Imgas(igasact (icode (mline, imw), imw) = .true.]

condtion 4thelinesare @lculated a each pant or handed as continuum

if [ioutin(mline,imw)=1]: the lines are explicitly cdculated at ead pant of the locd coarse and fine
grid.

if [ioutin(mline,imw)=2]: the lines are handed as nea continuum and cdculated orly at threepoints
inside the Mw.

loop 5 wer the gases of the actual Mw

mgas=1—igasmw(imw)

The @lculation inside this loop ae performed orly if one of the following condtions are
verified:

ilookupmw(imw) = 0 .0. Imgas(mgas,imw) = .true.

1. Initialisation d variables

e Cdculation d vedor igasact(imxhit) that gives for ead hitran gas number the locd Mw gas
number: igasact(igashi(igasnr(j,imw))) = j for 1 <j <igasmw(imw)

e Determination d the line with the largest intensity of the main gas: line number: imaxlin

Date: 07/02/02 Page 83392
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e The total number of points nsigma of the grid to be used for the cdculation d crosssedionis
determined. If an irreguar grid is available, the mmpresed gid is used and nsigma=
nused1(imw), if theirregular grid is not avail able, nsigma= isigma(imw).

2. Calculation d crosssedions by means of avail able look-up tables

For ead absorbers contained in the wnsidered mw: mgas = 1 — igasmw(imw), a cntrol is dore

in order to seeif the look-up table relative to this absorber is available (Imgas(mgas,imw)=

false).

If thisisthe cae, crosssedion cdculationis performed as foll ows:

firstly, the preliminary caculations are performed:

the hitran code of the gas:

ihit=igashi(igasnr(mgas,imw));

and the equivaent -log(presaure) and temperature relative to the path ipo:

rp=-alog(rpeq(ipoint(llay,kgeo),igasnr(mgas,imw));

rt= rteq(ipoint(llay,kgeo),igasnr(mgas,imw).

The cdculation d crosssedionis performed by modue decompr_pt:

decompr_pt(rp, rt, mgas, imw, ru, rkl, nll, ng, rpd, rdpl, ntl, rtll, rdtl, nsigma, tab, rcrossl)
The vedor rcrossdl isthen stored in the aray rcross

for ead msig, from 1 to nsigma:

rcrosgmsig,ipomgas)=rcrossl(msig)

If the gas mgas isthe main gas of themw (mgas= 1), also the cdculation d the perturbed cross
sedionsis performed by means of look-up tables.

For m1=1 and m1=2 the foll owing cdculations are performed:
if (rpeqpert(ipaint(llay,kgeo),ml) > 1.e=-8)) then

rppert=- alog(rpegpert(ipoint(ll ay,kgeo),ml))

else

domsig=1,nsigma

rcrosgert(msig, ipom1)=0.

end do

go to {end onloop ower gases}
endif

rtpert=rtegpert(ipoint(ll ay,kgeo),ml)

The caculation d the aosssedionis dore by the modue decompr_pt:

decompr_pt(rppert, rtpert, mgas, imw, ru, rki, nll, nd, rpl, rdpl, ntl, rtll, rdtl, nsigma, tab,
rcrossl)

The vedor rcrossl isthen stored in the aray rcrosgert:

for ead msig, from 1 to nsigma:

rcrosgert(msig,ipoml)=rcrossl(msig).

3. Interpdation d the aoss dions

The aoss ®dions for the geometries abowve the lowest geometry are cdculated (for ead general
fine grid pant) by linea interpoation wsing the aoss ®dions already cdculated for the lowest
geometry. This linea interpolation is performed with resped to the equivalent presaures, i.e. it is
first dedded between which equivalent presaures of the lowest geometry the adual equivalent
presaure lies and than the aoss ®dions are interpoated to the adua equivalent presaure. Thisis
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dore for the aoss ®dions of al gases (rcros9 and for the temperature perturbed cross ®dions
(rcrosgert) for the main gas.
E.g. for rcrossthe formulafor al wavenumbers on the general fine wavenumber grid (msig) is:

p-pl
p2-pl

rerosg msig,ipaint(llay, kgeo), mgas) = r1+(r2—r1)-

r1=rcrosgmsig,ipaint(llay, il owgeo), mgas)
r2 = rcrosg msig,ipoint(ll ay2, il owgeo), mgas)
with: p = rpeg(ipaint(llay, kgeo),igasnr(mgas,inw))
pl= rpeq(ipoint(llayliIowgeo),igasnr(mgasimw))
p2= rpeq(ipa nt(llay2,iIowgeo),igasnr(mgasimw))

wherellayl and llay2 determine the pressures pl and p2 of the lowest geometry between which the
adua presaurep lies.

4. Definition d locd fine and coarse wavenumber grid
The locd (for the adual geometry and layer) coarse and fine wavenumber grid is defined by cdling
the modue lofico:

dsilin,ipaint(llay, kgeo),imw, rwmol,icode, ii so, rhwO, imaxli, rpeq, rteq,
lofico| delta,isigma, dsigma, igasmw, rexph,iglfgf,dsiglf, dsiglc,isigif ,isiglc,
deltalf ,deltalc, rerolf , rerolc, rerolfpert, rerolcpert

Note that even if an irregular grid is avail able, and as a mnsequencethe final crosssedions will be
stored on the compressed grid, the locd fine axd coarse grids are built starting not from the
compres=d grid, bu from the regular fine grid.

Therefore, lofico routine is nat affeded by the use of the cmpressed grid.

5. Initialisation d variables for line-caculation

e Cadculation d the Dopper haf width:

rteq(ipo,ign)
rwmol (icode( mli ne, imw), ii so{ mli ne,inw))

rdhdf = dsilin(mline,imw) - dcdop-\/

with: ipo=ipaint(llay, kgeo)
and: ign= igasnr(igasact(icode(mline,imw)),imw), the globa gas number for the hitran gas

number of the acual line.
dcdop is aparameter.

e Cdculation d the Lorentz half width:
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rlhalf = rhwo(miine,imw) - rpeg(ipoiig )_[ : rtOh
rteq

rexph(mline,imw)
rpOh (ipo, ign)}

With the parameters rpOh, rtOh.

e Cdculation d thelineintensity
Theline intensity rlint is cdculated by a cdl to the modue flint:

_ [ rintO(mli ne,imw), relow(mli ne,imw), rteq(ipo,ign),
rlint = flint

dsilin(mline, imw),icode(mli ne,imw), ii so(mli ne, imw)

e Cadculation d thelineintensity for the temperature perturbed profil es

rlintl or rlint2 = fli nt{

6. Calculation d thelinein thelocd coarse grid

rintO(mli ne,imw), relow(mli ne, imw), rteqpert(ipo,l or 2),
dsilin(mline,imw),icode(mli ne,imw), ii so(mli ne, imw)

The adoss ®dions on the locd coarse grid rcrolc (dimension (imxsig,imxgmw)) are cdculated from
the boundhries of the microwindow up to adistance of (rdhaf + rlhalf ) - rvmult wavenumbers from

the line centre by using the Lorentz function (rvmult is a parameter). In the region aroundthe line
centre the aoss dions onthe fine grid are cnstant. This constant is determined as the mean value
of the last Lorentz cdculated cross ®dions onthe left and onthe right of theline.

The boundry indices for the Lorentz cdculation onthe locd coarse grid are:

ilc=1

¢ — nint dsilin(mline,imw) — (rdhdf + rihalf)- rvmult — dsiglc(1) »
deltalc

3 — nint dsilin(mline,imw) + (rdhaf +rlhalf)-rvmult — dsiglc(1) »
deltalc

i4c = isiglc

Whereisiglc, dsiglc, deltalc have been determined in 3.

(One hasto take cae that for aline very nea to the boundary of the microwindow (where i2c could

becwme lessthanilc ...) these meffiecats are set to the boundry values!)

Calculation d Lorentz functionfor ilc <i <i2c-1 andi3c+1 <i <i4c;

. . rihalf
rlinfctlc(i) = — 5 5
7 rIhalf < + (dsiglc(i) — dsilin(mline, imw))

Cdculation d the doss ®dions and adding to the adoss ®dions from the previous lines:
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rcrolc(i,ig) = rlint - rlinfctlc(i) + rerolc(i, ig)
with: ig = igasact(icode(mline,imw)) , the loca gas number for the acual line.

The valuefor the ‘plateau’ region,i.e. in thevicinity of theline caitreis:

rlinfctlc(i2c—1) + rlinfctlc(i3c + 1)

rplatfctn =
P 2

So, fori2c <i <i3c;

rcrolc(i,ig) = rlint - rplatfctn + rcrolc(i, ig)

7. Caculation d thelinein thelocd fine grid

On thelocd fine grid the lines are only cdculated in the vicinity of the line, where the doss ®dions
on the locd coase grid ae onstant (see 5), i.e. for distances less than
(rdhaf +rlhalf)- rvmult wavenumbers from the line centre. In this region the line profile is partly
cdculated by the Lorentz and partly by the Voigt function. The Voigt function is used inside an
interval of +rdhdf - rdmult wavenumbers from the line centre (rdmult is a parameter).

The boundry indicesonthelocd fine grid are:

i1f = (i2c—2)-igldf +2

of _ nint dsilin(mline,imw) — rdhaf - rdmult — dsiglf (i1f ) cilf
deltalf

3 — nint dsilin(mline,imw) + rdhaf - rdmult — dsiglf (i1f) il
deltalf

i4f =i3c-iqglclf

With the parameter iglclf, the qudient between the locd coarse and fine grid.

Caculation d Lorentz functionfor i1f <i <i2f-1 andi3f+1 <i <i4f;

. . 1 rihalf
rlinfctlf (i) = — 5 — — 5
7 rlhalf © + (dsiglc(i) — dsilin(mline,imw))

Calculation d the aoss dions and adding to the adoss gdions from all the previous lines:

rerolf (i,ig) = rlint - rlinfctlf (i) — rplatcro + rerolf (i,iQ)

with: ig = igasact(icode(mline,imw)), the locad gas number for the atual line, and rplatcro the
coarse grid ‘plateau’ value which was determined in 5.

For i2f <i <i3f theline functionis determined by the Voigt lineshape:
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: . In2 rre
rlinfctlf (i) = ,|—
7 rdhdf

where rreistheresult from a cdl to the routine humli(rx,ry,rre), with:

|dsiglf (i) — dsilin(mli ne, imw)|
=4/In2
& rdhalf

rIhalf
=4/1n2
Y rdhat

The aoss dions are cdculated from rlinfctlf like in the cae of the Lorentz cdculation (see
abowe).

8. Calculation d theline for the temperature perturbed cross £dionsin the marse andfine grid
The cdculation d the temperature perturbed cross ®dions is approximated by cdculating the
perturbed line intensities (rlint1,rlint2), and recdculatin the line profile only for the fine grid part,
where the Voigt line shapeis used:

The temperature perturbed cross dions onthe warse grid are:
Forilc <i <i2c-landi3c+1 <i <i4c:

rcrolcpert(i,1 or 2) = rlintd (or rlint2) - rlinfctlc(i) + rcrolcpert(i,1 or 2)
For i2c <i<i3c:

rcrolcpert(i,1 or 2) = rlintd (or rlint2) - rplatfct + rcrolcpert(i,1 or 2)

The temperature perturbed cross dionsonthefine grid are:

Forilf <i<i2f-landi3f+1 <i <i4f:
rcrolfpert(i,1 or 2) = rlint (or rlint2) - (rlinfctlf (i) — rplatfct) + rcrolfpert(i,1 or 2)

For i2c <i<i3c:
rcrolfpert(i,1 or 2) = rlintl (or rlint2) - (ri(or r2) — rplatfct) + rcrolfpert(i,1 or 2)

with r1= N2 &1l g o /'”—2 Ire 2
7 rdhdf_1 7 rdhdf 2

where rre_1 and rre_2 are the results from a cdl to the routine humli(rx_1yy 1rre 1) and
humli(rx_2ry 2rre 2) with:

|dsiglf (i) — dsilin(mline, imw)|
rdhaf_1(or rdhaf 2

rlhalf_1(or rihalf 2)

rdhaf_1(or rdhaf 2

rx_1(orrx 2)=+/1In2

ry lorry 2)=+1In2
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and the perturbed Lorentz and Doppger haf widths:
t(i ’1 r —rexph(mline,imw)
rlhalf_1= rhwO(mline,imw)- "pegpert(ipo ) rtOh
rpoOh | rtegpert(ipod) |
. r —rexph(mline,imw)
t(Ipo,
rihalf_2= rhw(miingimw) - /PP (ipod) | rtoh
rpOh | rteqpert(ipol) |

rteqpert(ipo.l)
rwmol (icode( mli ne, imw), ii so( mli ne,inmw))

rdhdf 1= dsilin(mline,imw)- dcdop-\/

rteqpert(ipo,2)
rwmol (icode( mli ne, imw), ii so{ mli ne,inw))

rdhdf 2= dsilin(mline,imw)- dcdop-\/

9. Calculation d theline & 3 pdntsinside the Mw

For lines outside the microwindov which are taken into acourt as nea continuum, the aoss

sedions (and perturbed cross ®dions for the main gas CO,) are cdculated at the first point, at the

middle point and at the last point of the microwindow. Later, in 11,they will be interpoated to the

general fine grid.

The procedureis:

e cdculating the line profile using the Lorentz line shape (see dowe) at the three wavenumbers
inside the microwindow.

o if the line is a CO; line (if [icode(mlineimw)=2]) the profile is multiplied with the CO, chi
fador which is cdculated by a cdl to modue fco2chi:

fco2chi[rteq(ipo,ign), deonsi — dsilin(mline,imw) 1]

ipo and ign have been defined in 4. This applicaion d the y-fador has aso to be dore for the
perturbed nea profiles (since they are only cdculated for CO,, the main gas of p-T retrieval).
Therefore, in the cdl of fco2chi rtegpert(ipo,1 o 2) isused instead of rteq.

e The asorption cross ®dions at the 3 pants inside the Mw are now cdculated likein 7 a 8 by
multiplication d the profile with rlint (in the cae of CO, also with rlintl and rlint2) and added
to the nea continuum cross ®dions (and perturbed cross ®dions) from the previous line
cdculation.

10.Interpdation d the T perturbed cross £dions to the general wavenumber fine grid

In this part the temperature perturbed cross ®dions rcrolcpert and rcrolfpert are interpolated
linealy in wavenumber to the general fine grid and added in the output vedor
rcrosgert(i,ipoint(llay,kgeo),1 or 2) (i is the index on the genera fine grid). If an irregular grid is
available (lirrgridmw(imw)= true) only the perturbed crosssedion values correspondng to the
points of the ‘compressed’ grid haveto be stored in
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1
rcrosspert( ksig=1— nsigma,ipo, 2] .

11.Interpdation d the aoss ®dions from the locd coarse and fine grid to the general fine grid

As in 10, ba now for ead gas of the microwindown, the output cross ®dion wedor
rcrosgi,ipomgas) of the general fine grid isfill ed by linea interpaation in wavenumber using the
vedors rcrolf(j,mgas) and rcrolc(k,mgas), where j is the index on the locd fine grid and k on the
locd coarse grid.
If anirregular grid is avail able (lirr gridmw(imw)= true) only the dosssedion values correspondng
to the paints of the ‘compressed’ grid have to be stored in
rcrosg ksig =1— nsigma,ipo, mgas) .

12.Interpdation d the neaby continuum to the general fine grid

For ead gas of the Mw the neaby continuum values (original and perturbed) which were cdculated
in 8. for three points inside the microwindon are interpolated (2nd oder) to the genera
wavenumber fine grid and added to the aoss dion ouput vedors rcrossand (if the gas is CO,)

rcrosgoert.

Again, if an irregular grid is available (lirrgridmw(imw)= true) these operations have to be dore
only for the paints of the ‘compressed’ grid.
The mefficients for the parabalic interpdation are cdculated using modu e polcoe2nd.

2.2.11.12 FCO2CHI

Description:

This function cdculates the di-fador for the corredion d the CO,-lineshape. The di-fador is

cdculated for the N,- and the O,-broadening of CO,-lines using the parametrizations from:

e C. Cousin, R. Le Doucen, C. Boulet, and A. Henry, "Temperature dependence of the dsorption
in the region keyond the 4.3-um band head of CO,. 22 N, and O, broadening', Appl. Opt.,24,
38993907,(1985.

e V.Menow, R. Le Doucen, J. Boisoles, and C. Boulet, ‘'Line shape in the low frequency wing of
self- and N, broadened v3 CO; lines: temperature dependence of the asymmetry', Appl. Opt., 30,
281-286,(1991).

Variables exchanged with external modules:

Name: Description:

fco2chi CO, y-fador (the function value)

rt equivalent temperature

dsidif distanceto theline centre

nswco2 switch for the cdculation of the dhi-fador in the cae of CO,-lines
=0: no chi-fador,
=1: due to N,/O, broadening,
=3: only due to N, -broadening

i sohit HITRAN isotope number of the a¢ual line
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M odule structure:

1. Caculation d the CO, y-fador

Detail ed description:

1. Calculation d the CO, y-fador

The dhi-fadors are lineaily interpolated in the ranges 193 - 238 K and 238- 296 K and lineaily
extrapolated to lower (higher) temperatures from these ranges. This subroutine is only valid for
cdculations up to 130cm™ from the lines center, since beyond this wavenumber the asymmetry of
the di-fador is only known for 296 K of N, and O, and for 193 K for O,. (the only asymmetry
included here is for 193 K for N, in the range 50-130 cm™). The dhi-fador is then cdculated by
weighting of the N, and O, fadors acarding to their atmospheric relative eéoundance

real* 8 function fco2chi(rt,dsidif,nswco2)

dsi=abs(dsidif)

*

* if Temperature < 238K

*

if (rt.It.238) then

if (dsi.le.5.) then
rchin2=1.
rchio2=1.
dseif (dsi.le.9.) then
ri=1.
r2=1.968"exp(-0.1354dsi)
rtg=(rt-193)/45.
rchin2=(r2-r1)*rtq + rl
rchio2=rchin2
elseif (dsi.le1l) then
r1=3.908"exp(-0.1514 dsi)
r2=1.968"exp(-0.1354 dsi)
r3=1.
r4=r2
rtg=(rt-193)/45.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
elseif (dsi.le.22) then
r1=3.908"exp(-0.1514 dsi)
r2=1.968"exp(-0.1354dsi)
r3=7.908"exp(-0.1880dsi)
r4=r2
rtg=(rt-193)/45.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
dseif (dsi.le.23) then
r1=3.908"exp(-0.1514 dsi)
r2=0.160"exp(-0.0214 dsi)
r3=7.908"exp(-0.1880dsi)
r4=r2
rtg=(rt-193)/45.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
dseif (dsi.le.28.) then
r1=0.207- 3.778-3 * dsi
r2=0.160"exp(-0.0214 dsi)
r3=0.122- 7.53%-4 * dsi
r4=r2
rtg=(rt-193)/45.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
dseif (dsi.le.35.) then
r1=0.219"exp(-0.0276"dsi)
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r2=0.160"exp(-0.0214 dsi)
r3=0.122- 7.53%-4 * dsi
r4=r2
rtg=(rt-193)/45.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
dseif (dsi.le.50.) then
r1=0.219exp(-0.0276"dsi)
r2=0.160"exp(-0.0214 dsi)
r3=0.349" exp(-0.0369% dsi)
r4=r2
rtg=(rt-193)/45.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
dseif (dsi.le.130) then
if (dsidif.It.0) then
r1=0.20894 exp(-0.026694 dsi)
ese
r1=0.146exp(-0.0196dsi)
endif
r2=0.162*exp(-0.0216dsi)
r3=0.129exp(-0.0170"dsi)
r4=r2
rtg=(rt-193)/45.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
eseif(dsi.le.135) then
if(dsidif.It.0) then
r1=2.824997 exp(-0.0467268ds)
ese
r1=0.146*exp(-0.0196dsi)
endif
r2=0.162*exp(-0.0216dsi)
r3=0.129"exp(-0.0170"dsi)
r4=r2
rtg=(rt-193)/45.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
eseif(dsi.le.160) then
if(dsidif.It.0) then
r1=2.824997 exp(-0.0467268ds)
ese
r1=1.164*exp(-0.035*dsi)
endif
r2=0.162*exp(-0.0216dsi)
r3=0.1455exp(-0.0350"dsi)
r4=r2
rtg=(rt-193)/45.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
ese
if(dsidif.It.0) then
r1=1.192053 exp(-0.0413334dsi)
ese
r1=1.164*exp(-0.035"dsi)
endif
r2=0.162*exp(-0.0216dsi)
r3=0.1455exp(-0.0350"dsi)
r4=r2
rtg=(rt-193)/45.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
endif
* if Temperature >= 238K
ese
if (dsi.le.0.5) then
rchin2=1.
rchio2=1.
dseif (dsi.le.3.) then
ri=1.
r2=1.064*exp(-0.1235dsi)
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rtg=(rt-238)/58.
rchin2=(r2-r1)*rtq + rl
rchio2=1.
elseif (dsi.le.5.) then
r1=1.
r2=1.064*exp(-0.1235dsi)
r3=1.
r4=3.341*exp(-0.4021*dsi)
rtq=(rt-238)/58.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
elseif (dsi.le.8.) then
r1=1.968"exp(-0.1354dsi)
r2=1.064"exp(-0.1235dsi)
r3=rl
r4=3.341*exp(-0.4021*dsi)
rtg=(rt-238)/58.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
elseif (dsi.le.20.) then
r1=1.968"exp(-0.1354dsi)
r2=1.064*exp(-0.1235dsi)
r3=rl
r4=0.155exp(-0.0179%dsi)
rtg=(rt-238)/58.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
elseif (dsi.le.22.) then
r1=1.968"exp(-0.1354 dsi)
r2=0.125exp(-0.0164 dsi)
r3=rl
r4=0.155exp(-0.0179%dsi)
rtg=(rt-238)/58.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
elseif (dsi.le.50.) then
r1=0.160"exp(-0.0214 dsi)
r2=0.125exp(-0.0164 dsi)
r3=rl
r4=0.155"exp(-0.0179%dsi)
rtg=(rt-238)/58.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
elseif (dsi.le.70.) then
r1=0.162*exp(-0.0216dsi)
r2=0.146"exp(-0.0196+dsi)
r3=rl
r4=0.238"exp(-0.0266"dsi)
rtg=(rt-238)/58.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
elseif (dsi.le.140) then
r1=0.162*exp(-0.0216dsi)
r2=0.146"exp(-0.0196"dsi)
r3=rl
r4=0.146"exp(-0.0196"dsi)
rtg=(rt-238)/58.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
ese
r1=0.162*exp(-0.0216dsi)
r3=rl
if(dsidif.It.0) then

r2=1.8593 exp(-0.03776 dsi)

r4=r2
dse

r2=0.146"exp(-0.0196dsi)

r4=r2
endif
rtg=(rt-238)/58.
rchin2=(r2-r1)*rtq + rl
rchio2=(r4-r3)*rtq + r3
endif
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endif

EE

if (nswco2.eq.1) then

cdculation of the chi-fador by weighting o the chi-fadors
for n2 and 02 acawrding to the relative abundance in the atmosphere
(if thisis greater than 1the chi-fador is %t to 1.)

fco2chi=0.789 rchin2+0.211* rchio2
elseif (nswco2.eq.2) then

fco2chi=rchin2

dse

write(*,*) 'In fco2chi: wrong input of switch -nswco2-'
write(*,*) 'STOP program’

stop
endif

if (fco2chi.gt.1.) fco2chi=1.
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221113 FLINT_PT

|----FLINT_PT *
|----FPARTS PT *

Description
Calculation d theline intensity.

Variables exchanged with external modules:

Name: Description:

flint line intensity (the function value)

rio line intensity of the adual line

rel lower state energy of the adual line

rt equivalent temperature

dsil central wavenumber of the adual line

ighit HITRAN moleallar code of the adual line
i sohit HITRAN isotope number of the a¢ual line

Module structure:
1. Calculation d the lineintensity

Detail ed description:
1. Calculation d the line intensity
The line intensity is temperature dependent and is caculated by the following formula:

[ rhck-dsl}
rt

[ rhck-dsﬂ}
rtoint

flint = fparts-riO-exp[—rhck- rel -

. 1
rtoint — rt]

rhck and rtOint are parameters, fpartsis cdculated by a cdl to the modue (function) fparts:

fpartdighit,isohit, rt]
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221114 FPARTS _PT

Description

Calculation d the temperature dependence of the Total Interna Partition Sum (TIPS Q(T) for eadh
moleaule/isotope using Gamade's procedure QTIPS

For al the speaes other than HNO; the TIPS functions from the ‘96 HITRAN data ae used, while
for HNOj3 the TIPSfunction taken from ‘92 HITRAN datais used.

Only the temperature range 70-40%K isimplemented here!
-R. R. Gamade, R. L. Hawkins, L. S. Rothman, Total internal partition sums for atmospheric
moleaules in the temperature range 70-2005K: Atmospheric linea moleaules, JMol.Spec 142,

205-209,1990.
-Routine from HITRAN ‘96 chtabase.

Variables exchanged with external modules:

Name: | Description:

fparts Quatient of the partition sums

ighit HITRAN moleaular code of the adual line
Isohit HITRAN isotope number of the adual line
rt equivalent temperature

Module structure

1. Calculation d the qudient of partition sums

Detailed description:

1. Calculation d the qudient of partition sums
The partition sum are cdculated for most of the HITRAN moleaules using a parametrisation. This
subroutine is given together with its urce ode.

SUBROUTINE : fparts
CREATED BY : michagl hoepfner
DATE OF CREATION :10.1.96

DATE OF LAST MODIFICATION :11.7.96
LAST MODIFICATION BY : michael hoepfner

MODIFICATION : HITRAN96
DATE OF LAST MODIFICATION : 9.10.96
MODIFICATION : hno3 cdculation like GENLN2:

not (t0/t)** 1.5, but
parametrisation: change of rqcoef(43,j) and
rq29643)

LAST MODIFICATION BY : michael hoepfner

DESCRIPTION : Calculation of the quotient of the partition sums
using Gamache's procedure
Sources:
-R. R. Gamache, R. L. Hawkins, L. S. Rothman,

0%k kR Rk ok ok ok ok ok ok k% % % X
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* "Total internal partition sums for atmospheric

* molecules in the temperature range 70-200K:

* Atmospheric linear molecules,J.Mol.Spec. 142205209
* 1990

* -Routine QTIPSHITRAN96

* Only the temperature range 70-500K isimplemented here!
*

* INPUTS:

* jghit HITRAN molecular code of the adual line

*  jsohit HITRAN isotope number of the adual line

* ot equivalent temperature

* OQUTPUTS:

* fparts quotient of the partition sums

CALLED BY: flint

real* 8 function fparts_pt(ighit,isohit,rt)
implicit none

include 'parameters_pt.inc'

real* 8 rt,rqcoef(imxiso,imxcof) ,rqg29§i mxiso)
integer* 4 ighit,isohit,j,i sovec(imxhit),i 1

*

* gtarting positions-1 of each gasin the isotope array

*

dataisovec/
+ 0,4,12,17,22,28,31,34,37,39,40,42,43,46,
+47,49,51,52,54,58,61,63,64,67,69,70,72,73,
+ 74,75,76,79,80,81,82,84/

Cc

c...Total internal partition sums for T>=70to <=500K range:

c.. H20 --

161

DATA (rqcoef( 1,j),j=1,4)/-.4440F+01, 2767&+00,

+
c... H20 --

.12536-02,-.4893&-06/
181

DATA (rqcoef( 2,j),j=1,4)/-.43624+01, 27647TE+00,

+
c.. H20 --

.1280Z-02,-.5204&-06/
171

DATA (rqcoef( 3,)),j=1,4)/-.2576 E+02, .1645&+01,

+
c... H20 --

.7690%-02,-.3166&-05
162

DATA (rqcoef( 4,)),j=1,4)/-.23916+02, 1379F+01,

+
c.. CO2 --

.6124€-02,-.2153E-05
626

DATA (rqcoef( 5,)),j=1,4)/-.1361E+01, 9489F+00,

+
c.. Co2 -

-.6925%-03, .25974£-05
636

DATA (rqcoef( 6,)),j=1,4)/-.2063FE+01, .1887FE+01,

+
c.. CO2 --

-.1366%-02, .5403E-05
628

DATA (rqcoef( 7,),j=1,4)/-.2917F+01, 20114+01,

+
c.. Co2 -

-.1478@&-02, 5594 E-05
627

DATA (rqcoef( 8,)),j=1,4)/-.1655&+02, 1173FE+02,

+
c.. CO2 --

-.85844-02, .3237F-04/
638

DATA (rqcoef( 9,j),j=1,4)/-.4468F+01, 4033E+01,

+
c.. Co2 -

-.2959(E-02, .1177@E-04/
637

DATA (rqcoef(10,),j=1,4)/-.2626 E+02, 2335E+02,

+
c.. CO2 --

-.1703E-01, .6753E-04
828

DATA (rqcoef(11),j=1,4)/-.1481E+01, .10667E+01,

+
c.. Co2 -

-.7875&-03, .3013FE-05
728

DATA (rqcoef(12,j),j=1,4)/-.1760@E+02, 12445F+02,

+
c.. O3 --

-.91837FE-02, .3491F-04/
666

DATA (rqcoef(13,),j=1,4)/-.1644F+03, 6904FE+01,

+
c.. O3 --

.1039€:-01, .2666%FE-04/
668

DATA (rqcoef(14,)),j=1,4)/-.3522F+03, .1479E+02,

+

.2147%-01, 5989E-04/

c.. O3 -- 686
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DATA (rqcoef(15,)),j=1,4)/-. 17466E+03, 7291 E+01,

+ .1009F-01, .2999E-04/

c.. O3 -- 667
DATA (rgcoef(16,j),j=1,4)/-.2054@E+04, .8599&F+02,
+ .12667E+00, .33026-03

c.. O3 -- 676
DATA (rqcoef(17,)),j=1,4)/-.10148&+04, 42494£+02,
+ .6258@-01, .1631%E-03

c.. N20 - 446
DATA (rqcoef(18,)),j=1,4)/ .2489F+02, 1497F+02,
+ -7621F-02, 4631E-04/

c... N20 - 456
DATA (rqcoef(19,),j=1,4)/ .3631&+02, .95497FE+01,
+ -2394F-02, 2684F-04/

c... N20 - 546
DATA (rqcoef(20,)),j=1,4)/ .2424FE+02, 1017F+02,
+ -4300F-02, 3042%F-04/

c.. N20 - 448
DATA (rqcoef(21,)),j=1,4)/ .6770E+02, 1487E+02,
+ -.1073(E-02, 34254-04/

c.. N20 - 447
DATA (rqcoef(22,)),j=1,4)/ .5006E+03, 84526E+02,

+ 83494-02, 1715£-03

c.. CO- 26
DATA (rqcoef(23,)),j=1,4)/ .27758&+00, 3629E+00,
+ - 7466E-05, 14896-07/

c.. CO- 36
DATA (rqcoef(24,)),j=1,4)/ .5314F+00, .7595F+00,
+ -.1781(E-04, 3516E-07/

c.. CO- 28
DATA (rqcoef(25,)),j=1,4)/ .26593+00, .38126E+00,
+ -.9208F-05, .18086-07/

c.. CO - 27
DATA (rqcoef(26,)),j=1,4)/ .16376+01, 2234F+01,
+ -.49025F-04, 9738F-07/

c.. CO- 38
DATA (rqcoef(27,)),j=1,4)/ .51216+00, .7997&+00,
+ -21784E-04, 4274F-07/

c.. CO - 37
DATA (rqcoef(28,)),j=1,4)/ .3273E+01, 4657F+01,
+ -.6983F-04, 1885F-06/

C.. CH4 - 211
DATA (rqcoef(29,)),j=1,4)/-.2647E+02, 1155F+01,
+ 2683E-02, 15117E-05/

C.. CH4 - 311
DATA (rqcoef(30,)),j=1,4)/-. 52956+02, 2311F+01,
+ 5365E-02, 3023E-05/

C.. CH4 - 212
DATA (rqcoef(31,]),j=1,4)/-. 2157 E+03, 9331&E+01,

+ 2177%-01, .1218F-04/

c.. 02 - 66
DATA (rgcoef(32)),j=1,4)/ .3592F+00, .73534+00,
+ -.6487@E-04, .1307FE-06/

c.. 02 -- 68
DATA (rgcoef(33))),j=1,4)/-.4003E+01, .1559F+01,
+ -.15357&-03, .3096%FE-06/

c.. 02 - 67
DATA (rgcoef(34,)),j=1,4)/-.2332F+02, 90981 E+01,
+ -.8443%F-03, 1706 E-05

c... NO -- 46
DATA (rgcoef(35,)),j=1,4)/-.7588&+02, .7904&+01,
+ .1755%-01,-.15606E-04/

c.. NO -- 56
DATA (rgcoef(36,)),j=1,4)/-.2998E+02, .3647%E+01,
+ .8052ZF-02,-.71296-05

c... NO -- 48
DATA (rgcoef(37,)),j=1,4)/-.8055&+02, .83447FE+01,
+ .1844&-01,-.1632F-04/

c.. SO2 - 626
DATA (rqcoef(38,j),j=1,4)/-.24056+03, .1110FE+02,
+ 22164-01, 5233404/

c.. SO2 - 646
DATA (rqcoef(39,)),j=1,4)/-.2416 E+03, 1115F+02,
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+
c... NO2 --

.2227@E-01, 5255@&-04/
646

DATA (rqcoef(40,)),j=1,4)/-.5304E+03, 2421E+02,

+
C... NH3 --

.6685@-01, .4382F-04/
4111

DATA (rqcoef(41,),j=1,4)/-.4203FE+02, 25976+01,

+
C... NH3 --

.1307F-01,-.6223E-05
5111

DATA (rqcoef(42,j),j=1,4)/-.2860F+02, 1727 E+01,

+

.8752%-02,-.41714£-05

*..hno3 lotemperature range -- 146
data (rqcoef(43,)),j=1,4)/-.7420795578+04, .349835721E+03,

+
Cc... OH --

.890513293F-01, .3935627928-02/
61

DATA (rqcoef(44,)),j=1,4)/ .1747&E+02, 31954+00,

+
c.. OH --

76581 -03-.71337FE-06/
81

DATA (rqcoef(45,j),j=1,4)/ .17354+02, .3235E+00,

+
C... OH --

.76446-03,-.7093E-06/
62

DATA (rqcoef(46,j),j=1,4)/ .30717F+02, .1313F+01,

+
C... HF --

.3143(E-02,-.2837E-05
19

DATA (rqcoef(47,j),j=1,4)/ .15486+01, .1335E+00,

+
c... HCI --

.59154-05,-.4688%F-08/
15

DATA (rqcoef(48,)),j=1,4)/ .28627+01, 5312E+00,

+
c... HCI --

.67464-05,-.1673E-08/
17

DATA (rgcoef(49,),j=1,4)/ .2861FE+01, .5320F+00,

+
C... HBr --

.6655F-05,-.1516%-08/
19

DATA (rqcoef(50,)),j=1,4)/ .2796FE+01, 6653FE+00,

+
C... HBr --

.3425%-05, 52274-08/
11

DATA (rqcoef(51,j),j=1,4)/ .2795F+01, .66554+00,

+
C... HI --

.32931-05, 5482F-08
17

DATA (rqcoef(52,)),j=1,4)/ .4017@E+01, 1300F+01,

+
c.. ClO --

-.1140%-04, .40026E-07/
56

DATA (rgcoef(53),j=1,4)/ .36387FE+03, .28367E+02,

+
c.. ClO --

4655@-01, .12058&-04/
76

DATA (rqcoef(54,)),j=1,4)/ .3703E+03, 28834+02,

+
c.. OCS --

A4739ZE-01, 1252F-04/
622

DATA (rqcoef(55,j),j=1,4)/-.9369E+00, 3609E+01,

+
c.. OCS --

-.3455F-02, 1746 E-04/
624

DATA (rqcoef(56,)),j=1,4)/-. 11536E+01, 3702&+01,

+
c.. OCS --

-.3558E-02, .1792E-04
632

DATA (rqcoef(57,j),j=1,4)/-.61015+00, .7220@E+01,

+
c.. OCS --

-.70044-02, .3670&-04/
822

DATA (rqcoef(58,)),j=1,4)/- 2156 E+00, 3833E+01,

+

-.3678F-02, .1917FE-04

c... H2CO - 126
DATA (rqcoef(59,),j=1,4)/-.1176E+03, 46885+01,

+

.1508&-01, .3536 E-05/

c... H2CO -- 136
DATA (rqcoef(60,)),j=1,4)/-.24126E+03, 96134E+01,

+

.3093&-01, .7257F-05

c... H2CO - 128
DATA (rqcoef(61,),j=1,4)/-.1199F+03, 5291E+01,

+

.1468€-01, 4350505

c.. HOCl -- 165
DATA (rqcoef(62,]),j=1,4)/-. 736 4E+03, 3414F+02,

+

.93554£-01, .6740%F-04/

c... HOCl - 167
DATA (rqcoef(63,),j=1,4)/-.7492F+03, 3474TFE+02,

+

.95251-01, .6852F-04/
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c.. N2 -- 44
DATA (rqcoef(64,)),j=1,4)/ .13684£+01, .1575E+01,
+ -.18511-04, .3896E-07/

c.. HCN -- 124
DATA (rocoef(65,),j=1,4)/-.1399F+01, 2961F+01,
+ -.17464-02, 6593 7FE-05

C... HCN -- 134
DATA (rqcoef(66,)),j=1,4)/-.2586 F+01, .60744£+01,
+ -.3571%-02, .13654-04/

c.. HCN -- 125
DATA (rocoef(67,)),j=1,4)/-.1140&+01, .2035F+01,
+ -.1215%-02, 4637%E-05

c...CH3ClI -- 215
DATA (rgcoef(68,j),j=1,4)/-.91416+03, .3408 E+02,
+ .75461E-02, 1793F-03%

c...CH3Cl -- 217
DATA (rocoef(69,)),j=1,4)/-.9286&+03, .3462FE+02,
+ .76674£-02, .18217FE-03

c... H202 -- 1661
DATA (rqcoef(70,)),j=1,4)/-.3649F+03, .1371E+02,
+ .3865&-01, .2305F-04/

c... C2H2 -- 1221
DATA (rocoef(71,),j=1,4)/-.8308&+01, .14484+01,
+ -.2594@-02, 8461 E-05

c.. C2H2 -- 1231
DATA (rqcoef(72,),j=1,4)/-.6673@&E+02, .1159ZE+02,
+ -.2077%E-01, 6771FE-04/

c... C2H6 -- 1221
DATA (rocoef(73,),j=1,4)/-.1000(E+01, .0000E+00,
+ .0000CE+00, .0000E+0U/

c.. PH3 -- 1111
DATA (rqcoef(74,)),j=1,4)/-.1506E+03, 6471&+01,
+ .1258&-01, .1475%-04/

c... COF2 -- 269
DATA (rocoef(75,)),j=1,4)/-. 5418(E+04, .1886&+03,
+ -.3313%+00, .1865@&-02/

c.. SF6 - 29
DATA (rqcoef(76,)),j=1,4)/-.1000@E+01, .0000E+00,
+ .0000CE+00, .0000E+0U/

c.. H2S -- 121
DATA (rocoef(77,)),j=1,4)/-.1552 E+02, 8313E+00,
+ .33656-02,-.8569E-06/

c... H2S - 141
DATA (rqcoef(78,)),j=1,4)/-.1556 E+02, .83337E+00,
+ .33744-02,-.8593F-06/

c.. H2S -- 131
DATA (rocoef(79,)),j=1,4)/-.6217(E+02, 3329F+01,
+ .1348(E-01,-.3432F-05

c...HCOOH -- 126
DATA (rqcoef(80,)),j=1,4)/-.2955E+04, .1034F+03,
+ -.13146+00, .87787FE-03/

c.. HO2 -- 166
DATA (rocoef(81,)),j=1,4)/-.15684+03, .7445E+01,

+
c.. O -

.2601E-01,-.92704-06/
6

DATA (rqcoef(82,j),j=1,4)/-.1000GE+01, 0000E+00,

+

.0000CE+00, .0000CE+0U

...CIONO2 -- 5646
DATA (rqcoef(83))),j=1,4)/-.1000E+01,
+ .0000E+00, .0000E+00/
c..CIONO2 -- 7646
DATA (rqcoef(84,j),j=1,4)/-.1000E+01,
+ .0000CE+00, .0000E+0/
C... NO+ -- 46
DATA (rqcoef(85,),j=1,4)/ .9179&+00, .
+ -.11614-04, 2449%F-07/

(2]

*

*

o0

H20 161, 181, 171,

DATA rq296 .17462€+03, .17614E+03, .105306+04,

.0000CE+00,

.0000CE+00,

10416+01,

total internal partition sums at reference temperature 296 K

[ 162 CO2 626 636, 628 627,
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+ .86512ZFE+03, 28621F+03, .57692&+03, .60797&F+03, .35438F+04,

c 638,

637,

828, 728 O3 666

+ .12352&+04, .71443E+04, 32340E+03, .37670@E+04, .34818E&+04,

c 668,

686,

667, 676, N20 446,

+ .74620°E+04, 36456F+04, 43064 E+05, .21279E+05, 49918F+04,

c 456,

546,

448, 447,  CO 26,

+ .33493&+04, .34494E+04, .52659%+04, .30700&+05, .10742&+03,

c 36,

28,

27, 38, 37,

+ .22470£+03, 11278 E+03, .66120%+03, .23644E+03, .13807 E+04,
311, 212 0266 68,

[ CH4 211,

+ .58990&+03, .117974£+04, 47706 E+04, .21572€+03, 45218&+03,

+

+

67, NO 46, 56, 48, SO2 626
.26399&+04, .33973E+04, .15704E+04, 35825F+04, .63444F+04,
646, NO2 646G NH3411] 5111 HNOS 146
.63732E+04, .13631&+05, .17108%+04, .114134£+04, .20600E+06,

+ .63732E+04, .13631&+05, .17108%+04, .114134£+04,.21382FE+06,

OH 61, 81, 62 HF 19, HCI 15
.16065%+03, .16169E+03, .62132F+03, 41462F+02, .16065@E+03,
17, HBr19, 11 HI 17, ClO56,
16088 E+03, .20016%E+03, .20022°E+03, .38894&+03, .131524+05,
76, 0CS622 624 632 822
.133824+05, .12174@&+04, .12479F+04, .24748ZE+04, .13094&E+04,
H2CO 126, 136, 128 HOCI 165, 167,
.26838&+04, .55032E+04, .28457F+04, .193166+05, .196584+05,
N2 44 HCN 124 134 125 CHB3CI 215,
46713&+03, .89332F+03, .18365FE+04, .61504+03, .14485&+05,
217, H202 1661 C2H2 1221 1231, C2H6 1221
14715F+05, .76787E+04, 41251%+03, .330014£+04, 54626F+05,
PH3 1111 COF2 269 SF629 H2S12], 141,
32506 E+04, .69763E+05, .16224FE+07, 503204£+03, 50448 +03,
131, HCOOH126 HO2 166 0O 6; CIONO2 5646
.20154@+04, .38925E+05, .430184+04,-.10000@E+01, .21282%FE+07,

c 7646 NO+ 46;
+ .21824&+07, .30885%E+03/

*

* if the gasis ((hno3)),c2h6,sf6,0,clono2
*
cc if (ighit.eg.12.or.ighit.eq.27.or.ighit.eq.30.or.ighit.eq.34
cc & .or.ighit.eq.35)
cc & then
if (ighit.eq.27.or.ighit.eq.30.or.ighit.eq.34
& .or.ighit.eq.35)
&  then
fparts_pt=(rtOint/rt)** 1.5
if (ighit.eq.34) then
print*,'In fparts_pt: No O (HITRAN code 34)’
& /' should bein the database.'
print*,' Programm STOPFED.'
stop
endif

* for al other gases (only for temperature range 70K < rt < 500K)

ese
if (rt.It.70.0r.rt.gt.500) then
print*,'In fparts_pt: Temperature out of range:',rt,'K'
print*,'STOP program'
stop
endif

* position in the array of isotopes
i 1=isovec(ighit)+isohit
* cdculate quotient of total internal partition sum
fparts_pt=rq29€(i1) /
& (rqcoef(i1,1)+rgcoef(il,2)* rt+rqcoef(i1,3)* rt*rt
& +rocoef(il,4)* rt*rt*rt)

endif

* end of function fparts_pt
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221115 HUMLI_PT

Description

Calculation d the Voigt lineshape.

-J. Humlicek, 'Optimized computation d the Voigt and complex probability functions, J. Quant.
Radiat. Transfer, 27, 437444,1982.

Variables exchanged with external modules:

Name: Description:
rx c—0g

x-coefficient=~/1N2

Up
(ap: Dopder Half Width, o: adual wavenumber, oy: central li ne wavenumber)
(04
y-coefficient=~/IN2 —=
Op
(o : Lorentz Half Width)

" Voigt - linesh N il
oigt-Iin e- oA . —
g ap D \Vin2

Module structure
1. Calculation d the Voigt lineshape

ry

Detail ed description

1. Calculation d the Voigt lineshape

The Humlicek algorithm cdculates the complex probability function. In ou case we only use the
red part which corresponds to the Voigt line profile. For the description we refer to the aticle by
Humlicek (see dowe).
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2.2.11.16 POLCOE2ND_PT

Description
Calculation d the mefficientsfor a2nd ader poynominal interpolation.

Variables exchanged with external modules:

Name: Description:
dx the threex-points where the y values are given
dy the y values belonging to dx
dcof the 3 coefficients of the polynom:
y = dcof (1) + dcof (2) - x + dcof (3) - x2

Module structure
1. Cdculation d the mefficient.
Detail ed description:

1. Calculation d the oefficients
The wefficients for the parabdlic interpolation are cdculated using the formulas:

dx(L)? - (dx(3) - dy(2) — dx(2) - dy(3)) + dx(2)? - (dx(2) - dy(3) — dx(3) - dy(1))
+dx(3)? - (dx(2) - dy(1) - dx(1) - dy(2))
dx(D)? - (dx(3) — dx(2)) + dx(2)? - (dx(2) — dx(3)) + dx(3)? - (dx(2) — dx(1))

dcof (1) =

dx(1)? - (dy(3) - dy(2)) + dx(2)? - (dy(1) - dy(3)) + dx(3)? - (dy(2) — dy(1))
dx(1)? - (dx(3) — dx(2)) + dx(2)? - (dx(2) — dx(3)) + dx(3)? - (dx(2) — dx(1))

dcof (2) =

dx(1) - (dy(2) - dy(3)) + dx(2) - (dy(3) — dy(D)) + dx(3) - (dy(2) - dy(2))
dx(2)? - (dx(3) — dx(2)) + dx(2)? - (dx(2) — dx(3)) + dx(3)? - (dx(2) — dx(2))

dcof (3) =
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dx(2)? - (dx(3) - dy(2) — dx(2) - dy(3)) + dx(2)? - (dx(2) - dy(3) — dx(3) - dy(1))

+dx(3)? - (dx(2) - dy(1) - dx(1) - dy(2))

dcof (1) =

dcof (2) =

dx(2)? - (dx(3) — dx(2)) + dx(2)? - (dx(2) — dx(3)) + dx(3)? - (dx(2) — dx(1))

dx(1)* - (dy(3) - dy(2)) + dx(2)* - (dy(D) - dy(3)) + dx(3)* - (dly(2) — dy(1))

dcof (3) =

dx(1)? - (dx(3) — dx(2)) + dx(2)? - (dx(2) — dx(3)) + dx(3)? - (dx(2) — dx(1))

dx(D) - (dy(2) — dy(3)) + dx(2) - (dly(3) — dy(1)) + dx(3) - (dy(2) — dy(2))

221117 LOFICO_PT

Description

dx(2)? - (dx(3) — dx(2)) + dx(2)? - (dx(2) — dx(3)) + dx(3)? - (dx(2) — dx(1))

Calculation d thelocd fine grid and the locd coarse grid for the ad¢ual atmopheric path.

Variables exchanged with external modules:

Name: Dimension Description:
dsilin imxlin central wavenumber for ead line of eaty Mw
imxmw
ipo adua path number
imw adual microwindow number
rwmol imxhit, moleaular weight for each HITRAN moleaular code and isotope number
imxism
icode imxlin, HITRAN code for ead line of ead Mw
imxmw
iiso imxlin, isotope number for ead line of eathh Mw
imxmw
rhwO imxlin, foreign broadened half width for ead line of ead Mw
imxmw
imaxli number of the line of the main gas with largest intensity
rpeq imxpat, equivalent presaures
imxgas
rteq imxpat, equivalent temperatures
imxgas
delta general fine grid interval [cm-1]
isigma imxmw number of wavenumber grid pdntsfor ead Mw
dsigma imxsig, general wavenumber fine grid
imxmw
igasmw imxmw number of gasesto be mnsidered in eaty Mw
rexph imxlin, exponent for T dependence of half width for ead line of eathh Mw
imxmw
iglfaf ratio between locd fine and general fine grid
dsiglf imxsig locd fine grid [cm'!]
dsiglc imxsig local coarse grid [cm™]
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isiglf number of locd fine grid pants
isiglc number of locd coarse grid pants
deltalf distance between locd fine grid pants
deltalc distance between locd coarse grid pants
rcrolf imxsig, cross gdionson locd fine grid

imxgmw
rcrolc imxsig, cross gdionson locd coarse grid

imxgmw
rcrolfpert | imxsig,2 cross gdion onlocd fine grid for temperature perturbed cross £adions
rcrolcpert | imxsig,2 cross gdion on locd coarse grid for temperature perturbed cross £dions

Module structure:

1. Determination d the locd fine and coarse grid.

2. Initialisation d the aoss £dion vedor onthe fine and coarse grid.
Detail ed description:

1. Determination d the locd fine and coarse grid.

The dopgder and lorentz half width for the most intense line of the main gasis cdculated.

rteq(i po,l)
rwmol (icode(imaxli ,imw), ii sofimaxli ,imw))

rdhdf = dsilin(imaxli,imw) -dcdop-\/

ipo
At = rhu(imaxt,irmw) PSP ).[ rton

rexph(imaxli ,imw)
rpOh rteq(i po,l)}
Caculation d the (approximate) Voigt half width:

rvhalf =rdhdt +rlihalf

Determine locd fine grid:
For rvif rvhalf < delta:

igifgf =1
deltalf = delta

For rvif rvhalf > delta:

fof _int(rvlf -rvhalfj
argr = delta
deltalf =iqlfgf - delta

Define the locd coarse grid:
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deltalc = iqlclf - deltalf

Number of locd fine grid pants:

dsigmagisigmaimw),imw) — dsigma(lim’\/)j 42

isiglf :lnt( qeltalf

Fill | ocd fine grid vedor:

dsiglf (1) = dsigma(Limw)
dsiglf (i) = dsiglf (i — 1) + deltalf

Number of locd coarse grid pants:

dsigma(isigmaimw),imw) — dsigm(lim’\/)j o

|S|glc:|nt( deltalc

Fill  ocd coarse grid vedor:

dsiglc(2) = dsigma(l,imw)
dsiglc(i) = dsiglc(i — 1) + deltalc

2. Initidisation d the aoss £dion vedor onthe fine and coarse grid.

The vedorsrcrolf, rcrolc, rcrolfpert and rerolcpert are initialized to 0.

2.2.11.18 SPECTRUM_PT

SPECTRUM_PT ]
}----CONV_PT*

Description

e cdculation d the original spedra, the temperature perturbed spedra, and the derivatives with
resped to the cntinuum on the general wavenumber fine grid for all geometries of the adual
microwindow

e convdution d these spedra and derivatives with the AILS function to the general coarse
wavenumber grid

o if anirregular grid is available, the cdculation d the high resolution spedrum, the temperature
perturbed spedra, and the derivatives with resped to the @mntinuum is made on the so-cdled
‘compresed gid (the one made with orly the ‘1’ paints of the irregular grid) , then a direa
interpolation and convdution is performed.
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Variables exchanged with external modules:

Name: Description:

imw number of the adual Mw

itglev number of the tangent-level for ead geometry

igasmw | number of gasesto be ansidered in eadt Mw

igasnr global gas number for the locd gas number of eada Mw

isigma number of wavenumber grid pantsfor eadt Mw

rcross absorption cross dions for eat wavenumber ead IAPT and ead gas for the
adua MW

rcol column amourts for ead layer, ead geometry and ead gas

raircol air-column for ead layer and ead geometry

ipoint |APT-number for ead layer and eat geometry

ipath number of different IAPT-numbers of ipoint

rtmain equivalent temperature of the main gas

dsigma | genera wavenumber fine grid

igeo number of simulated geometries

iocsim occupation matrix for the simulations to be performed

nsam n. o sampling pantsin eac Mw (genera coarse grid)

nils number of elements of rils

rspct spedrum for eat geometry onthe general coarse grid
1st index: general wavenumber coarse grid
2ndindex: geometries to be smulated for the acual Mw

rils instrument-li ne-shape function onthe general fine grid

rintils ratio between the frequency step approximating infinitesimal spedral resolution
andtheintegral of the ILS function

nrd Ratio between general coarse grid step and fine grid step

rclay model-layer values of the mntinuum

iderlay highest (x,1), lowest (x,3) and midde (x,2) (the one diredly above the 'perturbed’
layer) which is affeded by ead derivative

igeocder | for ead geometry the highest (x,1) and lowest (x,2) continuum derivative (in the
parameter-grid) which hasto be cdculated

rpartcder | partial derivatives of the wntinuum layer values with resped to the parameter-
level values

rspctcder | continuum derivative spedra on the general coarse grid for ead geometry and
eat parameter level
1st index: general wavenumber coarse grid
2ndindex: geometries to be smulated for the acual Mw
3rd index: levels where the parameters are retrieved

igeotder | for eadh geometry the highest (x,1) and lowest (x,2) temperature derivative (in
the parameter-grid) which hasto be cdculated

i par number of parameter-levels

rteqpert | equivalent temperatures of the main gas for the perturbed temperature profil es

rcolpert | columns of the main gas for the perturbed temperature profil es

rcrosger | crosssedions for the perturbed temperature profil es

t

rspcttpert | temperature perturbed spedra on the general coarse grid for eaty geometry and

eath parameter level

Page 108392
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1st index: general wavenumber coarse grid
2ndindex: geometriesto be smulated for the acual Mw
3rd index: levels where the parameters are retrieved

cint

charadger*3: cint(imxmw): it indicaes, for eadh microwindow, what kind o
interpolation hasto be performed between the spedral points of the irregular grid.

lirrgridm
w

logicd: lirrgridmw(imxmw): logicd vedor that, for ead seleded microwindown
in the adual retrieval, indicaes whether theirregular grid is avail able.

igridc

integer*4: igridc(imxsi2,imxmw): matrix that, to eatcr microwindonv and eat
point of the cmpressed grid, associates the @rrespondng value on the regular
fine grid.

nused1

integer*4: nused1(imxmw): total number of points of the cmpressed grid for
ead microwindowv

rsan

red*8: rsan(imxi,imxsi2,4jmxmw): variable used for making the dired
interpalation/convdution.
rsan(jsam,i,n,imw)=
j=min(igridc(i+1,imw)-1,nil s-1+(jsam-1)* nrd)- (jsam-1)* nrd ,k=min(igridc(i +1)—1-igridc(i),(( jsam-1)-nrd+nil s—igridc(i))
> rilgnils— j+1)-k™*

j=max(((jsam-1)*nrd+1),igridc(i,imw))-(jsam-1)* nrd ,k=max(0,—igridc(i,imw)+(( jsam-1)-nrd+1)

ilim

integer*4: ilim(2,imxi,imxmw): variable used for making the dired
interpdation/convdution:

ilfm(1,jsam,imw): first point of the cmpressed grid to be @nsidered for the
computation d the low resolution spedral paint at jsam for microwindow imw;,
ilfm(2,jsam,imw): total number of points of the cmpressd grid to be cnsidered
for the omputation d the low resolution spedra point at jsam for microwindow
imw.

Module structure:

1. Initidisation o variables and Planck functionfor later interpolation
Begin loop 1 wer geometries valid for the actual microwindowv
2. Initialisation d variables
Begin loop 2 wer general wavenumber fine grid
Begin condtion 1 the \alue of the spedrum at this wavenumber has to be alculated
and nd interpolated

3. Interpolate Planck function

Begin loop 3 wer the layers of the actual geometry
4. Calculation d the transmisgons

Endloop 3

5. Calculation d the radiative transfer

Begin loop 4 wer the layers of the actual geometry for which the cntinuum

derivatives are alculated
6. Calculation d the continuum derivatives with resped to the cntinuum
layer values

Endloop 4

Begin loop 5 wer the levds for which the cntinuum derivatives are alculated
7. Calculation d the continuum derivatives with resped to the cntinuum
level values

Date: 07/02/02 Page 109392




Development of an Optimised Algorithm for Routine p, T :DTOg.. 200' N.: TN-TROE-RSA9602
@ IROE and VMR Retrieval from MIPAS Limb Emisson Spedra SUe
Date: 07/02/02 Page 110392
Endloop 5

Begin loop 6 wer the levdswhich are T-perturbed for the actual geometry
Begin loop 7 wer the layers of the actual geometry
8. Caculation d the T-perturbed transmissons
Endloop 7
9. Calculation d radiative transfer for the T-perturbed spedra
Endloop 6
End condtion 1
Endloop 2
Begin condtion 2 irregular grid is available for the actual microwindow
Begin condtion 3 cubic interpolation hasto be used
10. Computation d coefficients for the aubic interpaolation for spedrum, temperature
perturbed spedrum and continuum derivative
11.Dired cubic interpdation/ convdution
else ondtion 3 linear interpdation hasto be used
12. Computation d coefficients for the linea interpolation for spedrum, temperature
perturbed spedrum and continuum derivative
13.Dired linea interpolation/ conwvolution
End condtion 3
else mndtion 2
14.Convdution d the spedra and derivatives with the AILS function
End condtion 2
15. Findlisation d the temperature perturbed spedra
Endloop 1

Detail ed description:
loop 1 over geometries valid for the actual microwindow

jgeo=1—igeo
if (iocsim(jgeo,imw)=0)

loop 2 ver general wavenumber fine grid
ksigma=1—isigma(imw)

condtion 1 the walue of the spedrum correspondng to pant ksigma has to be @lculated and nd
interpolated.

Operations 3-9 have to be performed orly if either an irregular grid is not available for the
considered mw or the irregular grid is available but the point ksigma @rresponds to ‘1’ on the
irregular grid.

if (.nat. lirrgridmw(imw) .or. (lirrgridmw(imw) .and.iigrid(ksigma, imw, 1) .eq. 1))

loop 3 wer thelayers of the actual geometry
klay=1—nlay
nlay=itglejgeo)-1 is the tangent layer.

loop 4 e the layers of the actual geometry for which the @ntinuun derivatives are alculated
jder=iderlay(igeocder(jgeo,1),1) —>nlay
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iderlay(igeocder (jgeo,1),1) is the highest layer for which the continuum derivatives have to be
determined.

loop 5 e the levds for which the cntinuum derivatives are @alculated
jder=igeocder (jgeo,1) —igeocder(jgeo,2)

loop 6 we thelevdswhich are T-perturbed for the actual geometry
jpert=igeotder (jgeo,1) —igeotder (jgeo,2)

loop 7 wver the layers of the actual geometry
klay=1—itgleVjgeo)-1

Condtion 2 irregular grid is available for the actual microwindow

Only if anirregular grid is avail able for the a¢ual microwindow (if lirrgridmw(imw) istrue),
either operations 10.and 11. @ operations 12.and 13.(i.e. dired interpolation/ convdution)
are performed, aherwise only convdutionis performed.

Beqgin condtion 3 cubic interpolation hasto be used

if (cint(imw) .eg. ‘cub’ .or. ‘CUB’), cubic interpalation has to be performed between the points of
the spedrum on the ompressed gid; if thisis not the cae, it means that (cint(imw) .eq. ‘lin’ .or.
‘LIN’), and as consequence linea interpalation has to be performed between the points of the
spedrum onthe compressed gid.

1. Initialisation o variables and Planck function for later interpoation
Output variables st to 0.

The total number of points nsig of the grid to be used for the Radiative Transfer computation is
determined. If an irregular grid is avail able, the cmpressed grid is used and nsig= nused1(imw), if
theirregular grid is nat avail able, nsig= isigma(imw).

The Planck function values at the first grid pdnt and the last grid pant of the acua microwindow
and from this the increment for the later linea interpalationis caculated for the temperatures of the
unperturbed profiles of the main gas (rtmain) and the temperatures for the perturbed profiles
(rtegpert). Thisisdorefor al different IAPT-numbers (1 < jpath < ipath).

The formula used for the Planck functionis:

rcl-o°

exp{rth'G}—l
T

B=

T = rtmain(jpath) and T = rteq(jpath,1and 2)
o=dsigma(l,imw) or o= dsigma(isigma(imw),imw)
(rcl, rhck parameters)

2. Initi alisation d variables

Here, it is taken care that during the foll owing cdculations the midde (iderlay(jpert,2)) and the
lowest (iderlay(jpert,3)) temperature perturbed layer is not lower than the tangent layer
(itgleyjgeo)-1). Otherwise they are set to itgley(jgeo)-1.
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These variables have to be set to their old value before the end o loop 1

if [iderlay(jpert,2) > itglejgeo)-1] then iderlay(jpert,2 and 3) = itgleWjgeo)-1

3. Interpdate Planck function

Using the values cdculated in 1. the Planck function is linealy interpoated to the adud

wavenumber for all |APT numbers (jpath=1—ipath):

The results are the interpolated Planck function values for the original T-profile (rtmain):

di(jpath),

andfor the perturbed T-profil es (rteqpert(jpath, 1), rteqpert(jpath,2)):
dbpert(jpath,1), dbpert(jpath,2)

Care has to be taken to perform a wrred interpoation d the Plank function when the
compressed gid is used (i.e. if lirrgridmw(imw) = true): in this case the value of the Planck
function correspondng to the adual point i of the compressed gid is obtained adding to the
Planck function value & the first grid pdant the product of the wefficient of the linea

interpolation times (igridc(i,imw)-1).

4. Calculation d the transmisson
Thetransmisgon for ead layer is cdculated bythe formula:

[ rclay(klay,imw)- raircol (Klay,imw)*10°%° + |
rtal(klay)zexp—| 'gzals rcrosg ksig,ipaint(klay, jgeo), mgas)- I
rcol (Klay, jgeo,igasnr(mgas,imw)) | |

mgas=1

Two ather variables are dso determined:

Klay—1
rtaul(klay) = H rtau(l)
=1
and:
nlay
rtauklay) = rtauiklay) - rtau(klay) - H rtau(l)?
|=klay+1

with: nlay = itglev(jgeo) —1, the number of layers for the adual geometry,

m-1
and the definition H x =1.

I=m

5. Caculation d the radiative transfer
The spedrum is determined bythe equation:
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nlay
rsp(ksig) = Z db(ipaint(klay, jgeo)) - (1- rtau(klay))(rtaulklay) — rtaukiay))
klay=1

with: nlay = itglev(jgeo) -1,
and db, the value of the Planck function for ead IAPT-number. db was determined in 3. bylinea
interpolation to the acua general fine grid wavenumber.

6. Calculation d the continuum derivatives with resped to the ontinuum layer values
In this dion the @ntinuum derivatives with resped to the layer values of the mntinuum are
cdculated for the layers (jder). The formulais:

rcder2( jder) = —raircol (jder, jgeo)-10°*°

( jder-1

> 2-rtauklay)- db(ipaint(klay, jgeo))- (1- rtau(klay))

o (rtau2( jder)— )
+aipant(jAer. JOPON| 1y jder) - (rtau jder) + 2- rtau jder)
nay  (‘di(ipaint(klay, jgeo))-(1- rtau(klay))-)
L+k.ay=jde,+1 (rtaul(klay) + rtauklay))

7. Caculation d the continuum derivatives with resped the ontinuum level values
The continuum derivatives with resped to the @ntinuum level values (rcder) are determined by
using the results from 6. which are multiplied by the inpu rpartcder:

iderlay( jder,3)
rcder (ksig, jder) = Z rcder2(klay) - rpartcder (klay, jder,imw)
klay=iderlay( jder,1)

8. Calculation d the T-perturbed transmissons
The transmisgons (rtaupert) and the variables rtaulpert and rtau2pert are determined in order to
use them in 9.for the cdculation d the temperature perturbed spedra:

For the layers which are not perturbed, i.e. for:
1 <klay <iderlay(jpert,1)-1 andiderlay(jpert,3)+1 <klay <nlay:

rtaupert(klay) = rtau(klay)

andfor the perturbed layers abowve the perturbed level jpert:
iderlay(jpert,1) <klay <iderlay(jpert,2) :




@) IROE and v

Development of an Optimised Algorithm for Routine p, T

Issue: 3

MR Retrieval from MIPAS Limb Emisson Spedra
Date: 07/02/02

Prog. Doc. N.: TN-IROE-RSA9602

Page 114392

rtaupert(klay) = exp—

|
rclay(klay,imw)-raircol (klay,imw)-10 +
rcrosert(ksig,ipoint(klay, jgeo),1)- rcolpert(klay, jgeo,l) +

igf rcrosg ksig,ipaint(klay, jgeo), mgas)-
rcol (klay, jgeo,igasnr (mgas,imw))

nga&z

and for the perturbed layers below the perturbed level jpert:
iderlay(jpert,2)+1 <klay <iderlay(jpert,3):

rtaupert(klay) = exp—

rtaulpert andrtau2pert are determined from rtaupert like rtauland rtau2from rtauin 4.

[
rclay(klay,imw)-raircol (klay,imw)-10>° +
rcrosgert(ksig,ipoint(klay, jgeo),2)-rcolpert(klay, jgeo,2) +

iis rcrosgksig,ipoint(klay, jgeo), mgas)-
rcol (klay, jgeo,igasnr (mgas,imw))

ngas=2

9. Cdculation d radiative transfer for the T-perturbed spedra

The temperature perturbed spedra ae determined by the formula equal to the one in 5., bu only
using the temperature perturbed Planck functions dpert for the mrrespondng layers:

iderlay(jpert1)-1 | dD(ipaint(klay, jgeo)) -

rsppert(ksig, jpert) =

+

(1-rtaupert(klay))-
K=t | (rtaulpert(klay) — rtau2pert(klay))
dbpert(ipoint(klay, jgeo),1) -
(1-rtaupert(klay))-

iderlay(jpert,2)

May=iderlay(pert.d) | (rtaulpert(klay) — rtau2pert(klay))

—+

May=iderlay(jpert. 2)+1 | (rtaulpert(klay) — rtau2pert(klay))

—+

Kay=iderlay(jpert.3)+1 | (rtaulpert(klay) — rtau2pert(klay))

iderlay(jpert,3) | dopert(ipaint(klay, jgeo),2)-
(1- rtaupert(klay))-

nlay db(ipaint(klay, jgeo))-
(1-rtaupert(Klay))-

with: nlay = itglev(jgeo) — 1.

10. Computation d coefficients for the aubic interpoation for spedrum,
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temperature perturbed spedra and continuum derivatives

For ead pdnt i of the mmpressed grid between 2 and (nused 1(imw)-2),

doi=2,nsig-2

the wefficients of the abic interpolation a, b, ¢ acarding to the following
equation:

y= y2+a-(x—x2)3+b-(x—x2)2+c-(x—x2),

with (Xz, yz) coordinates of the seoond d the four points used for making the
interpolation,

for spedrum, temperature perturbed spedrum and continuum derivatives,
are computed in two steps.

First of al the variables which are independent on the value of the spedrum,
temperature perturbed spedrum and continuum derivatives are mmputed:

ii2=igridc(i,imw)
il 3=igridc(i+1,imw)
il 1=igridc(i-1,imw)
ii4=igridc(i+2,imw)
iD12=iil1-ii2
iD13=iil1-ii3
iD14=iil1-ii4
iD23= ii2-ii3
iD24=ii2-ii4
iD34=ii3-ii4

rdcl=1.d0/dble(iD12*D13*D14)
rdc2=1.d0/dble(iD12*D23*D24)
rdc3=1.d0/dble(iD13*D23*D34)
rdcd=1.d0/dble(iD14*D24*D34)

Then the variables cl, c2, c3, ¢4, dependent onthe four points throughwhich the
interpolating pdynomial is drawn, are mmputed: in the cae of the spedrum we have:

cl=rsp(i-1)*rdcl
c2=-rsp(i)*rdc2
c3=rsp(i+1)*rdc3
cA=-rsp(i+2)*rdcd

In the cae of temperature perturbed spedra:
cl= rsppert(i-1,jpert)*rdcl
c2=- rsppert(i,jpert)*rdc2
c3= rsppert (i+1,jpert)*rdc3
cA=- rsppert(i+2,jpert)*rdc4,
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jpert= igeotder(jgeo,1) — igeotder(jgeo,?2)

In the cae of continuum derivatives:
cl=rcder(i-1,der)*rdcl
c2=- rcder(i,jder)*rdc2
c3= rcder (i+1,jder)*rdc3
cA=- rcder(i+2,jder)*rdc4,

jder= igeocder(jgeo,l) — igeocder(jgeo,2)
The a, b, ¢ coefficients are determined by the following equation:

a(i)=cl+c2+c3+c4
b(i)= =-(c1*dble(ii4+ii 3+ii 2)+ c2*dble(ii 4+ii 3+ii 1)+ c3*dble(ii 4+ii 2+ii 1)+
ca*dble(ii 3+ii 2+ii 1))+ 3.0d0*a(i)*dbl &(ii 2)
c(i)= cl*dble(ii4*ii3+ii4*ii 2+ii 2*ii 3)+ c2*dble(ii 1*ii 3+ii 4*ii 1+ii 4*ii 3)+
c3*dble(ii 1*ii 2+ii 4*ii 1+ii 4%ii 2)+ c4*dbleii 1*ii 2+ii 3*ii 1+ii 2*ii 3)+
+3.0d0*a(i)*dble(ii 2*ii 2) -2.0d0*dH e(ii 2)* (c1*dble(ii 4+ii 3+ii 2)+
+c2*dble(ii 4+ii 3+ii 1)+ c3*dble(ii 4+ii 2+ii 1)+ c4*dbl e(ii 3+ii 2+ii 1))

The wefficients a, b, ¢ for the temperature perturbed spedra ae stored in the
following matrices:

apert(i, jpert = igeotder(jgeo,1) — igeotder(jgeo,2) )

bpert(i, jpert = igeotder(jgeo,1) — igeotder(jgeo,2) )

cpert(i, jpert = igeotder(jgeo,1) — igeotder(jgeo,2) )

The wefficientsfor the continuum derivatives are stored in the foll owing matrices:
ader(i, jder= igeocder(jgeo,1) — igeocder(jgeo,2) )

bder(i, jder= igeocder(jgeo,1) — igeocder(jgeo,2) )

cder (i, jder= igeocder(jgeo,1) — igeocder(jgeo,2) )

11. Dired cubic convdution and interpolation

For the meaning o subsequent computations, please refer to description d routine
read_irregular grid_pt, par. 2.2.30.

Thedired interpolation/ convdutionis performed using the aefficients computed
in 10 and the matrices rsan(imxi,imxsi2,4,imxmw) and li m(2,imxi,i mxmw)
computed byroutine read_irrgrid_pt.f.

For ead jsam between 2 and (nsam(imw)-1), the value of the low resolution
spedrum is computed using the following formula:

: : HimcL jsamimw) Rz jsamimw)L (rgp(i) - rsan( jsam, i1, imw) + a(i) - rsan( jsami,4, imw) +
rspt(jsam jgeo) - 3 ( p(i) - rsan(j ) +a(i)-rsan(j ) }

+b-rsan( jsam,i,3,imw) + c- rsan( jsam,i,2, imw)

ilim(1, jsam,imw)
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At the end the low resolution spedrum is normali sed:

rspct( jsam, jgeo) = rspct( jsam, jgeo) *rintil s{imw)

Sincethefirst and the last point of the regular fine grid had na been taken into acourt during
the computation d rsan, an addition summeation hasto be performed for
jsam =1 and jsam~=nsam(imw).

For jsam=1:
i lim(L,Linw)-+i lim(2,Limw)-1 AW i1 AW A
rspet(L, jgeo) = rsp(d) - rils(nils,imw) + (rsp(l) rsan.(:L,|.,:L|rva)+a(|) rs.an(-:L|,4,|rva)+)
+b-rsan(1,i,3,imw) + c-rsan(l,i,2,imw)

ilim(1,1imw)

rspct(jsam, jgeo) = rspct( jsam, jgeo) *rintil s(imw)

For jsam=j=nsam(imw):
ilim(a, j,imw)+ilim(2,j,imw)-1 i). 11 H ). i 1
rspct(], joeo) = rsp(nsig)- rilsLimw) + ' [rSp(') rsan(]i-Limw) +ali) r_g'.’”(.’""‘"m”)
+b-rsan(j,i,3,imw) + c-rsan(j,i,2,imw)

ilim(1, jimw)

rspct(jsam, jgeo) = rspct( jsam, jgeo) *rintil s(imw)

The same operations have to be performed also for all the temperature perturbed spedra
(rspcttpert(jsam= 1—nsam(imw),jgeo,jpert = igeotder (jgeo,1) — igeotder (jgeo,2)))

and the mntinuum derivatives

(rspcteder (jsam= 1—nsam(imw),jgeo,jder = igeocder (jgeo,1) —igeocder (jgeo,2))).

j=nsam(imw)

r8fac=rsp(1)*ril s(nil s,imw)
doi=ilim(1,1,imw),ili m(1,1,imw)+
& ilim(2,1,imw)-1
r8fac=r8fac+
& rsp(i)*rsan(d,i,1,imw)+
& a(i)*rsan(1,i,4,imw)+
& b(i)*rsan(1,i,3,imw)+
& c(i)*rsan(1,i,2,imw)
end do
rspct(1,jgeo)=r8fac* rintil (imw)

dojsam=2,j-1
doi=ilim(1,jsam,imw),ili m(1,jsam,imw)+
& il m(2,jsam,imw)-1
rspct(jsam,jgeo)=rspct(jsam,jgeo)+
& rsp(i)* rsan(jsam,i,1,imw)+
& a(i)*rsan(jsam,i,4,imw)+




Development of an Optimised Algorithm for Routine p, T :Drog'_ 200' N.: TN-IROE-RSA9602
@ IROE and VMR Retrieval from MIPAS Limb Emisson Spedra SSue
Date: 07/02/02 Page 118392

& b(i)*rsan(jsam,i,3,imw)+
& c(i)*rsan(jsam,i,2,imw)

end do

rspct(jsam,jgeo)=rspct(jsam,jgeo)* rintil s(imw)
end do

r8fac=rsp(nsig)*ril s(1,imw)
doi=ilim(1,j,imw),ili m(1,j,imw)+
& ilim(2,j,imw)-1
r8fac=r8fac+
rsp(i)*rsan(j,i,1,imw)+
a(i)*rsan(j,i,4,imw)+
b(i)*rsan(j,i,3,imw)+
c(i)*rsan(j,i,2,imw)
end do
rspct(j,jgeo)=r8fac* rintil s(imw)

Ro Ro Ro Qo

dojpert=igeotder(jgeo,1),igeotder(jgeo,2)
r8fac=rsppert(1,jpert)* rils(nil s,imw)
doi=ilim(1,1,imw),ili m(1,1,imw)+
& ilim(2,1,imw)-1
r8fac= r8fac+
rsppert(i,jpert)* rsan(d,i,1,imw)+
apert(i,jpert)* rsan(1,i,4,imw)+
bpert(i,jpert)*rsan(1,i,3,imw)+
cpert(i,jpert)* rsan(1,i,2,imw)
end do
rspcttpert(1,jgeo,jpert)=r8fac* rintil s(imw)

&
&
&
&

dojsam=2,j-1

r8fac=0.d0
doi=ilim(1,jsam,imw),ili m(1,jsam,imw)+
& ilim(2,jsam,imw)-1
r8fac=r8fac+rsppert(i,jpert)* rsan(jsam,i,1,imw)+
& apert(i,jpert)* rsan(jsam,i,4,imw)+
& bpert(i,jpert)* rsan(jsam;i,3,imw)+
& cpert(i,jpert)* rsan(jsam,i,2,imw)
end do
rspcttpert(jsam,jgeo,jpert)=r8fac* rintil s(imw)
end do

r8fac=rsppert(nsig,jpert)*ril s(1,imw)
doi=ilim(1,j,imw),ili m(1,j,imw)+
& ilim(2,j,imw)-1
r8fac= r8fac+
& rsppert(i,jpert)*rsan(j,i,1,imw)+
& apert(i,jpert)*rsan(j,i,4,imw)+
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& bpert(i,jpert)*rsan(j,i,3,imw)+
& cpert(i,jpert)* rsan(j,i,2,imnw)
end do

rspcttpert(j,jgeo,j pert)=r8fac* rintil s(inw)
end do
dojder=igeocder(jgeo,1),igeocder(jgeo,2)

r8fac=rcder(1,jder)* ril s(nil s,imw)
doi=ilim(1,1,imw),ili m(1,1,imw)+

& ilim(2,1,imw)-1
r8fac=r8fac+rcder (i,jder)*rsan(1,i,1,imw)+

& ader(i,jder)*rsan(1,i,4,imw)+

& bder (i,jder)*rsan(1,i,3,imw)+

& cder (i,jder)*rsan(1,i,2,imw)
end do

rspcteder (1,jgeo,jder)=r8fac* rintil s(imw)

dojsam=2,j-1
r8fac=0.d0
doi=ilim(1,jsam,imw),ili m(1,jsam,imw)+
& il m(2,jsam,imw)-1
r8fac=r8fac+rcder(i,jder)* rsan(jsam,i,1,imw)+
& ader (i,jder)* rsan(jsam,i,4,imw)+
& bder (i,jder)*rsan(jsam,i,3,imw)+
& cder (i,jder)* rsan(jsam,i,2,imw)
end do
rspcteder (jsam,jgeo,jder)=r8fac* rintil s(inw)
end do

r8fac=rcder(nsig,jder)*ril s(1,imw)
doi=ili m(1,j,imw),ili m(1,j,imw)+

& ilim(2,j,imw)-1
r8fac=r8fac+rcder (i,jder)* rsan(j,i,1,imw)+
& ader(ijder)*rsan(j,i,4,imw)+
& bder (i,jder)*rsan(j,i,3,imw)+
& cder (i,jder)* rsan(j,i,2,imw)
end do

rspcteder (j,jgeo,jder)=r8fac* rintil s(inw)

end do

12. Computation d coefficients for the linea interpolation for spedrum,
temperature perturbed spedrum and continuum derivative

For ead pdnt i of the mmpressed grid between 1 and (nused 1(imw)-1),

doi=1,nsig-1
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the wefficient of the linea interpolation rmfor spedrum, temperature perturbed
spedrum and continuum derivatives, is computed as foll ows:

first of all the variables which are independent on the value of the spedrum,
temperature perturbed spedrum and continuum derivatives are mmputed:

ii2=igridc(i,imw)
il 3=igridc(i+1,imw)
rdcl=1.d0/dbleii 3-i2)
The wefficient rm(i) is determined by the foll owing formula:

rm(i)=rdc1*(rsp(i+21)-rsp(i))

The wefficient rm is computed for all the temperature perturbed spedra and all
the @ntinuum derivatives.

The wefficient rmpert(i, jpert = igeotder(jgeo,1) — igeotder(jgeo,2))
for the temperature perturbed spedrais equal to:

rmpert(i,jpert)= (rsppert(i+1,jpert)-rsppert(i,jpert))*rdcl
The wefficient rmecder (i, jder = igeocder(jgeo,1) — igeocder(jgeo,2))
for the continuum derivativesis equal to:

rmeder (i,jder)= (rcder(i+1,jder)-rcder(i,jder))*rdcl

13. Dired linea interpolation/ convdution

For the meaning d subsequent computations, please refer to description d routine
read_irregular grid_p, par. 2.2.30.

Thedired interpolation/ convdutionis performed using the aefficients computed
in 12 and the matrices rsan(imxi,imxsi2,4,imxmw) and li m(2,imxi,i mxmw)
computed byroutine read_irrgrid_pt.f.

For ead jsam between 1 and (nsam(imw)), the value of the low resolution
spedrum is computed using the following formula:

ilim(1, jsam,imw)+ilim(2, jsam,imw)-1

rspct( jsam, jgeo) = Z(rsp(i) -rsan( jsam,i,1,imw) + rm(i)-rsan( jsam;i,2, imw))

ilim(1, jsam,imw)

At the end the low resolution spedrum is normali sed:
rspct( jsam, jgeo) = rspct( jsam, jgeo) *rintil siimw)

The same operations have to be performed also for all the temperature perturbed spedra
(rspcttpert(jsam= 1—nsam(imw),jgeo,jpert = igeotder (jgeo,1) — igeotder (jgeo,2)))
and the mntinuum derivatives
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(rspcteder (jsam= 1—nsam(imw),jgeo,jder = igeocder (jgeo,1) —»igeocder (jgeo,2))).

dojsam=1,nsam(inw)
r8fac=0.d0
doi=ilim(1,jsam,imw),ili m(1,jsam,imw)+
& il m(2,jsam,imw)-1
r8fac=r8fac+rsp(i)* rsan(jsam,i,1,imw)+
& rm(i)* rsan(jsam,i,2,inw)
end do
rspct(jsam,jgeo)=r8fac* rintil s(imw)

dojpert=igeotder(jgeo,1),igeotder(jgeo,2)
r8fac=0.d0
doi=ilim(1,jsam,imw),ili m(1,jsam,imw)+

& ilim(2,jsam,imw)-1

r8fac=r8fac+

& rsppert(i,jpert)* rsan(jsam,i,1,imw)+

& rmpert(i,jpert)* rsan(jsam,i,2,inw)
end do
rspcttpert(jsam,jgeo,jpert)=r8fac* rintil s(imw)
end do

dojder=igeocder(jgeo,1),igeocder(jgeo,2)
r8fac=0.d0
doi=ilim(1,jsam,imw),ili m(1,jsam,imw)+
& ilim(2,jsam,imw)-1
r8fac=r8fac+rcder(i,jder)* rsan(jsami,1,imw)+
& rmeder (i,jder)* rsan(jsam,i,2,imw)
end do
rspcteder (jsam,jgeo,jder)=r8fac* rintil s(inw)
end do

end do

14. Convdution o the spedra and derivatives with the AILS function

In a cdl to modue conv_pt the cnvdution with the AILS functionrilsis performed for the original spedrum rsp, for
the continuum derivatives rcder and for the temperature perturbed spedra rsppert. The results are the spedra and
derivatives on the general coarse wavenumber grid: rspct, rspctcder, rspcttpert.

15. Finalisation of the temperature perturbed spedra

The spedrawhich are not affeded by the temperature perturbation are set to the original spedra:
For 1 < jpert < igeotder (jgeo,1)-1 and igeotder (jgeo,2)+1 < jpert < ipar:
rspcttpert(ksig,jgeo,jpert)=rspct(ksig,jgeo)

2211.19FOV_PT

FOV_PT
(((+FOV3_PT
| ((~---INTCON_PT
(----GRAVITY *

Description
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This modue cdculates the @ntribution o field of view to all the perturbed (rspcttpert) and nd-
perturbed (rspct) spedra arrespondng to the observed ores, and to the derivatives of the spedrum
with resped to continuum (rspctcder).

Besides, the modue cdculates the analyticd derivate with resped to tangent presaure for ead na-
perturbed spedrum.

For some explanations of the reasons of the choices implemented in this modue, refer to T.N. on
‘High Leve algorithm definition and plysical and mathematical optimisations’, (TN-IROE-
RSA9607), par. 6.6.

Variables exchanged with external modules:

Name: Description:

igeo total number of simulated geometries
iocsim iocsim(imxgeo,imxmw) = occupation matrix for the simulations to be
performed

=0 nosimulation required,
= 1 simulation required withou FOV

= 2 simulation required with FOV
itglev itglev(imxgeo) = number of the tangent-level for ead geometry
rspct rspct(imxi,imxgeo) = low-resolution spedrum withou FOV

rspcteder | rspeteder(imxi,imxgeo,imximb) = convdved continuumn derivative spedra
for ead geometry and eat parameter level

rspcttpert | rspcttpert(imxi,imxgeo,imximb) = low resolution spedra for the perturbed
temperature profil es

nsam nsam(imxmw) = n. d sampling pointsin eac MW (coarse grid)

imw number correspondng to the a¢ual microwindow

rzmod rzmod(imxlev) = heights of levels used for the radiat. tranf. cdc.

rzmodper | rzmodpert(imxlev,imximb) = perturbed altitude grids after the perturbation

t of temp. profiles.

rpmod rpmod(imxlev) = presaure on levels used for the radiat. transf. cdc.

rtmod rtmod(imxlev) = temperature on levels used for the radiat. transf. cdc.
rbase greder base of the trapezium that approximates the antenna pattern o FOV
rd hal f- diff erence between the two bases of the FOV trapezium

rlat latitude (deg.)

igeocder | igeocder(imxgeo,2) = for ead geometry the highest (x,1) and lowest (x,2)
continuum derivative (in the parameter-grid) which hasto be cdculated
igeotder | igeotder(imxgeo,2) = for ead simulated geometry the highest (x,1) and
lowest (x,2) parameter for which the perturbed spedra ae cdculated

rspfov rspfov(imxi,imxgeo,imxmw) = simulated spedra @rrespondng to the
different tangent presaures and dfferent microwindows on the frequency
coarse grid: (rspct * FOV)

rptander | rptander(imxi,imximb) = derivatives with resped to the tangent pressure
rcderfov | rederfov(imxi,imxgeo,imximb) = derivative with resped to continuum after
fov convdution

rtpertfov | rtpertfov(imxi,imxgeo,imximb) = temperature-perturbed spedra dter fov-
convdution
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Module structure:

1. Inizidisation d the output variables

Begin loop 1 onsimulated geometries
Begin condtion 1 the spedrum simulated at the actual geometry correspondsto an
observationin the actual microwindow
2. Definition d tangent altit ude, tangent presaure, tangent temperature of the adual
spedrum and tangent altit udes of the two contiguous edra.
3. Cdculation d the contribute of F.O.V. to the spedrum, temperature perturbed spedrum,
derivate of the spedrum with resped to continuum, and computation d analyticd
derivatives with resped to tangent  presaure
4. Warning message if a particular condtionis verified.
End condtion 1

Endloop 1

Detail ed description:

1. Inizidlisation d the output variable

All the dements of matrices rspfov, rptander, rcderfov, rtpertfov are set equal to 0.

Besides, the variable iactugeo, that counts the number of the geometries correspondng to
observationsin the adual MW, is st equal to 0.

The aeaof the trapezium that approximates FOV functionis cdculated:

rarea=rbase-rsl

Loop 1 over the simulated geometries
jgeo=2—igeo -1
Geometry no.1 and noigeo do na surely correspondto olservations.

Condtion 1

This condtion checls the \alue of the iocsim natrix for the given MW and the given geometry
(remember that thismodueislocated in aloop on # the seleded MW\s).

If iocsim(jgeo,imw) is equd to 2, it means that the simulated spedrum we are @nsidering
corresponds to an olservation, renceit will be cnvolved with FOV function.

If that condtionis not verified, dl the alculations for taking in accourt FOV will be skipped and
the spedrumof subsequent geometry will be andysed.

imw: indexof microwindowv
mgeo: indexof simulated geometry
dok=2,igeo-1
if (iocsim(k,imw) = 2) then
mgeo=mgeo+1
{ Operations 2., 3., 4.}
endif
end do

Let’s consider the ase in which iocsim(jgeo,imw) = 2; then:
2. Definition d tangent altitude, tangent presaure, tangent temperature of the adual spedrum and

tangent altit udes of the two contiguous gedra
The @urter of the observed geometries in the ad¢ual MW iactugeo isincreased o 1 unt.
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Determination d the tangent dtitude (rztan = rzmod( itglejgeo) ) ), pressure (rptan =
rpmod(itglewjgeo))) and temperature (rttan=rtmod(itgleWjgeo))) of the considered spedrum.
Determination d the tangent altitudes of the two contiguous fedra: the @ove spedrum,
charaderised by the geometry jgeoup=jgeo-1, has tangent atitude rztanup=rzmod(itgleWjgeoup))
and the one below, charaderised by the geometry jgeodownn=jgeo+1, has tangent altitude
rztandonvn=rzmod(itglejgeodown)).

Cdculation d the distance between the tangent altitudes correspondng to geometries jgeoup and
jgeodown: rdiff=rztanuprztandown.

3. Calculation d the mntribute of F.O.V. to the spedrum, temperature perturbed spedrum, derivate
of the spedrum with resped to continuum and computation d analyticd derivative with resped to
tangent presaure

All these cdculations are performed by modue fov3 pt (iactugeo, imw, jgeo, rztan, rptan, rttan,
jgeoup, rztanup,jgeodown, rztandownn, igeocder, igeotder, rspct, rspctcder, rspcttder, nsam, rbase,
rsl, rlat, rspfov, rptander, rcderfov, rtpertfov, rzmodpert, itglev).

4. \Warning messge

If the variable rdiff is snaller than the greaer base of the trapezium that approximate the antenna
pattern of FOV, a warning message is written: ‘An extrapadlation hes been dore for spedrum no.,
jspedrum.

2.211.20 FOV3_PT

Description

After the interpdation in dtitude between the spedra & three ontiguous tangent atitudes, this
modue performs the analyticd convdution d the interpoated spedrum with the FOV function.
This procedure is repedaed for the spedra cdculated for perturbed temperature profiles and the
derivatives of the spedrum with resped to continuum.

Besides, the modue cdculates the analytica derivate with resped to tangent presaure for eat nad-
perturbed spedrum.

Variables exchanged with external modules:

Name: Description:
ladugeo | locd courter of the geometries of the adual MW correspondng to the

observations

imw number of the acua microwindowv

jgeo adual index of simulated spedrum

rztan tangent altitude of the spedrum of which we ae cdculating convdution
with FOV.

rptan tangent presaure of the spedrum of which we ae cdculating convdution
with FOV.

rttan tangent temperature of the spedrum of which we ae cdculating

convdutionwith FOV.

jgeoup index of the geometry above the considered ore
rztanup | tangent altitude mrrespondng to geometry jgeoup
jgeodow | index of the geometry below the considered ore

n
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rztandow | tangent altitude rrespondng to geometry jgeodown
n
igeocder | igeocder(imxgeo,2) = for eat geometry the highest (x,1) and lowest
(x,2) continuum derivative (in the parameter-grid) which has to be
cdculated

igeotder | igeotder(imxgeo,2) = for ead simulated geometry the highest (x,1) and
lowest (x,2) parameter for which the perturbed spedra ae cdculated
rspct rspct(imxi,imxgeo) = low-resolution spedrum ( rsp * ILS)

rspcteder | rspeteder(imxi,imxgeo,imximb) = the cnvdved continuum derivative
spedrafor ead geometry and ead parameter level

rspcttpert | rspcttpert(imxi,imxgeo,imxlmb) = low resolution spedra for the
perturbed temperature profil es

nsam nsam(imxmw) = no. d sampling pointsin eady MW (coarse grid)

rbase greder base of trapezium-shape that approximates Field of View pattern

rd hal f- diff erence between the bases of the trapezium (1/rdl gives the slope)

rlat latitude of the adual limb-scan (deg.)

rspfov rspfov(imxi,imxgeo,imxmw) = simulated spedra wrrespondng to the
different tangent presaures and dff erent microwindows on the frequency
coarse grid: ( rspct * FOV)

rptander | rptander(imxi,imximb) = derivatives with resped to the tangent presaure
rcderfov | rederfov(imxi,imxgeo,imximb) = derivative with resped to continuum
after fov convdution

rtpertfov | rtpertfov(imxi,imxgeo,imximb) = temperature-perturbed spedra dter
fov-convdution

rzmodpe | rzmodpert(imxlev,imximb) = perturbed dtitude grids after the
rt perturbation d temp. profil es.

itglev itglev(imxgeo) = number of the tangent-level for ead geometry

Module structure:
1. Definition d the vedor rxa containing the tangent heights of the spedra used for the interpaolation
and cdculation d some geometricd quantiti es useful for next convdutions
Begin loop 1 onthe frequencies of the actual MW
2. Definition d the vedor rya containing the values of the spedra correspondng to rxa for
the adual frequency.
3. Analyticd convdution and namalisation
4. Storing of the results
5. Cdculation d analyticd derivative of the spedrum with resped to tangent presaire

Begin loop 2 onthe mntinuum parameters that affed the spedrum correspondng to
geometry jgeo
6. Definition d the vedor rya containing the values of the derivatives with resped to

continuum correspondng to rxa for the adual frequency.
7. Anayticd convdution and namalisation
8. Storing of the results

Endloop 2

Begin loop 3 onthe temperature parameters that affed the spedrum correspondng to
geometry jgeo

9. Definition d the vedor rxal containing the tangent heights of the spedra used for

the interpalationin the case of the particular perturbed profile
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10. Definition d the veador rya containing the values of the perturbed spedra
correspondng to rxalfor the adual frequency.
11. Anayticd convdution and namalisation
12. Storing of the results
Endloop 3
Endloop 1

Detail ed description

1. Definition d the vedor rxa containing the tangent heights of the spedra used for the interpoation
and cdculation d some geometricd quantiti es useful for next convdutions

The vedor rxa is fill ed with the tangent altitudes of the spedra mnsidered for the interpolation,
starting from the lowest tangent altit ude.

The FOV functionis represented by a trapezium-shape function whose greaer base is rbase and the
half-diff erence between the two basesisrsl.

Begin loop 1 onthe frequencies of the actua MW
jSig=1— nsam(imw) ,
nsam(imw) is total number of sampling pointsin MW imw.

2. Definition d the vedor rya containing the values of the spedra @rrespondng to the tangent
dtitudes contained in rxa for the adual frequency.

The vedor ryaisfill ed with the values of the three ©nsidered spedra & the frequency jsig:
rya(1)=rspct(jsig,jgeodown), rya(2)=rspct(jsig,jgeo), rya(3)=rspct(jsig,jgeoup).

3. Analyticd convdution and namalisation
These operations are performed by modue intcon_pt (rxa, rya, 3,rbase, rsl, rarea, rztan,rcof, rp)

4. Storing of the results
Theresult of this procedurerpis gored:
rspfov(jsig, iactugeo, imw)= rp

5. Cdlculation d analyticd derivative of the spedrum with resped to tangent pressure

First the variable rconst is cdculated:

rconst=gravity(rztanrlat) * rmovr,

using the function gravity that caculates gravity acceeration.

Then the analyticd derivatives with resped to tangent presaure is cdculated using the foll owing
expresson:

_ rttan
rconst - rptan

rptander( jsig,iactugeo) = -(rcof (2) +2- rcof (3)- rztan).

Begin loop 2 onthe ontinuum parameters that affed the spedrum correspondng to geometry jgeo
jpar = igeocder(jgeo,1) — igeocder(jgeo,2)

The inpus of this dion ae, for each olbserved geometry, all the derivatives of the correspondng
spedrumwith resped to the cntinuum parameters that affed it:

rspctcder (jsig,jgeo,jpar);
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igeocder(jgeo,1) and igeocder(jgeo,?) represent respedivdy the highest and lowest parameter
levd, whaose value of continuum affeds the spedrum correspondng to the geometry jgeo.

All these quatrtities haveto be amnvolved with the FOV function, so the operations from 2. to 4. ae
repeated for the matrix rspctcder (jsig,jgeo,jpar).

6. Definition d the vedor rya containing the values of the derivatives with resped to continuum
correspondng to rxa for the ad¢ual frequency.

The vedor rya is filled with the values of the three ©nsidered continuum derivatives at the
frequency jsig:

rya(1)=rspctcder (jsig,jgeodonn jpar),

rya(2)=rspctcder (jsig,jgeo,jpar),

rya(3)=rspctcder (jsig,jgeoupjpar).

7. Anayvticd convdution and namali sation
See3.

8. Storing of the results
Theresult of this procedurerpis gored:
rcderfov(jsig, iactugeo, jpar)= rp

Beqgin loop 3 on the temperature parameters that affed the spedrum correspondng to geometry
jgeo

jpar=igeotder(jgeo,l) — igeotder(jgeo,2)

The inpus of this dion ae, at the nsidered geometry jgeo, dl the spedra oltained
perturbating, ore to atime, the temperature on dl the parameter levds (these spedra are used for
performing the numerical derivatives with resped to tangent temperature):

rspcttder (jsig,jgeo, igeotder (jgeo, 1) »igeotder (jgeo, 2));

igeotder (jgeo,1) andigeotder(jgeo,2) represent respedivdy the highest andlowest parameter levd,
whase perturbation dfeds the spedrum corr espondng to the geometry jgeo.

All these quatrtities haveto be amnvolved with the FOV function, so the operations from 2. to 4. ae
repeated for the matrix rspcttder (jsig,jgeo,jpar).

9. Definition d the vedor rxal containing the tangent heights of the spedra used for the
interpolation for the particular perturbed profile

When the temperature is changed on ore parameter level, also the dtitudes of some of these levels
are perturbed. Therefore, in this case, the vedor containing the tangent atitudes of the spedra
considered for the interpalation hasto be redefined for ead parameter jpar we consider.

The new vedor rxal is fill ed with the perturbed tangent altitudes of the spedra wnsidered for the
interpolation, starting from the lowest tangent altitude.

rxal(1)=rzmodpert(itglewjgeodown),jpar)

rxal(2)=rzmodpert(itgleujgeo),jpar)

rxal(3)=rzmodpert(itgleujgeoup),jpar)

10. Definition d the vedor rya containing the values of the perturbed spedra @rrespondng to rxa
for the acual freguency.

The vedor rya is fill ed with the values of the three ©nsidered perturbed spedra & the frequency
jSig:

rya(1)=rspcttder(jsig,jgeodown jpar),

rya(2)=rspcttder(jsig,jgeojpar),
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rya(3)=rspcttder(jsig,geoupjpar).

11. Analyticd convdution and namali sation

See3.

12. Storing of the results

Theresult of this procedurerpis gored:
rtpertfov(jsig, iactugeo, imw)= rp

2.2.11.21 POLCOE_PT

Description

This modueistaken from ‘Numericd Redpesin FORTRAN’ and cdculatesthe coefficients of the
interpolating polynomium which crosses a given number of points.

Variables exchanged with external modules

Name: | Description:

rX rx(n) vedor containing the x values of the tabulated pants

ry ry(n) vedor containing the y values of the tabulated pants

n number of tabulated pants

reof reof(n) returned coefficients, such that: y; = 2 rcof ( ) - -
j

Detail ed description:
see'Numericd Redpesin FORTRAN', pag.114.
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2.2.11.22 INTCON_PT

IINTCON_PT
|| POLCOE_PT

Description
This modue cdculates the mefficients for the interpolation between the points contained in the
vedorsrxa and rya and then computes the analyticd convdutionwith FOV.

Variables exchanged with external modules:

Name | Description

rxa rxa(3) vedor containing the x values of the tabulated pants
rya rya(3) vedor containing they values of the tabulated pants
n number of tabulated pants

rbase greder base of the trapezium

rsl hal f-diff erence between the two bases of the trapezium

rarea areaof the trapezium, used for normali sation

rztan altitude in correspondence of which spedrum with FOV is cdcul ated
rcof rcof(3) interpalating paynomial coefficients

p returned value of the mnvdution and namali sation

Module structure:

Detailed description:
1. Calculation d the wefficients for the interpolation
2. Cdculation d analyticd convdution and namalisation

1. Calculation d the mefficients for the interpdation
The oefficients of the interpdation, contained in the vedor rcof, are cdculated by the modue
polcoe(rxa,rya,nycof), so that the interpolated spedrum at atitude r and frequency jsig results

givenby 2 rcof (i)-r"1,
i=Ln

2. Analyticd convdution and namalisation
The result of the analyticd convdutionis given by the foll owing expresson:

[ rcof (1) rarea+ rcof (2)- rarea- rzc+ rcof (3) - rzc? - rarea+ |
I (rbase® rbase?-rd  rol?-rbase rsl3) I
L+rcof(3)-k 1 4 + 3 — 6J J

r =
P rarea
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2.211.23TEMDER_PT

Description
Determination d the temperature derivatives from the temperature-perturbed spedra.

Variables exchanged with external modules:

Name: Description:

rtpertfov | temperature-perturbed spedra dter fov-convdution (input)
temperature-derivatives (output)

1st index: wavenumber coarse grid pant

2ndindex: fov-simulated geometry

3rd index: parameter level (which was perturbed and for which the
derivatives are made)

rspfov ‘original’ spedra &ter fov-convdution
imw number of the adual microwindow
Igeo number of simulated geometries

locsim occupation matrix for the smulations to performed
=0 nosimulationrequired,

= 1 simulation required withou FOV

= 2 simulation required with FOV

| par number of parameter-levels
rat temperature perturbation [K]
nsam number of sampling pointsin eat mw (general coarse grid)

igeotder | for eadr simulated geometry the highest (x,1) and lowest (x,2) parameter
for which the perturbed spedra ae cdculated

Module structure

Begin loop 1 ower all geometries for which fov-simulations are performed
Begin loop 2 wer all parameter levds valid for the actual geometry
1. Calculation d the temperature derivatives
endloop 2
endloop 1

Detail ed description
loop 1 ove all geometries for which fov-simulations are performed:

jgeo=1-igeo
if [locsim(jgeo,imw) =2]: jlimb= jlimb+1

Begin loop 2 over all parameter levds valid for the actual geometry:
kpar=igeotder(jgeo,1) —igeotder(jgeo,2)
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1. Calculation d the temperature derivatives:
The temperature derivatives are simply cdculated numericdly:
For 1 <| < nsam(imw):

rtpertfov(l, jli mb, kpar) — rspfov(l, jli mb,inw)

rtpertfov(l, jli mb, kpar) = dt

2.2.11.24 JACSETMW_PT

Description

For the ad¢ual microwindow the temperature- and tangent presaure- derivatives are written into the
jacbian matrix.

The derivatives of the speda with resped to the fitted continuum parameters are cdculated by
multiplicaion d the derivatives ‘rcderfov’ (with resped to the parameter-levels) with the
derivatives ‘rjacon’ of the continuum on the parameter-levels with resped to the fitted continuum
parameters

Variables exchanged with external modules:

Name: Description:
rtpertfov | temperature-derivative spedra
rptander derivatives with resped to the tangent presaure

imw number of the adual microwindow

ilimbmw | number of valid measured geometries per microwindow

| par number of parameter-levels

nsam number of sampling pointsin eath Mw (general coarse grid)

lokku occupation matrix used for the seledion o operational Mw's for ead
observation geometry

nucl nucl+1 = upper parameter level for continuum fit

ilimb number of measured geometries

rcderfov | derivate with resped to continuum after fov convdution

icontpar total number of continuum parametersto be fitted

rjacan jambian matrix for the derivative of the mntinuum parameter-level
values with resped to the continuum parameters

Irowvmw the row of the Jacobian matrix where the adual mirowindow starts
rjacb Jambian Matrix

1st index: observations

2ndindex: parameters

|parbase | Iparbase(imxpro) = logicd vedor which identifies the dtitudes where
the T profil e isfitted, among the dtitudes rzbase.

Ibase ibase =number of base-levels




@) IROE

Development of an Optimised Algorithm for Routine p, T
and VMR Retrieval from MIPAS Limb Emisson Spedra

Prog. Doc. N.: TN-IROE-RSA9602
Issue: 3

Date: 07/02/02 Page 132392

Module structure

1. Writing the tangent presaure derivatives into the Jacobian matrix

2. Writing the temperature derivatives into the Jacobian matrix
3. Multiplication d the 'locd' continuun derivatives by the mntinuumn jacobian matrix and
writing the result into the Jacobian matrix

4. Writing the instrumental off set derivatives into the Jacbian matrix

Detail ed description

Before describing the single steps of the amwde we give an owerview of the structure of the
Jambian matrix which is the matrix of the derivatives of all observations with resped to all

parameters:
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Parameters (1...itop)

Tangent Tangent Continuum  Instrumental
pressure temperature  parameters  offset
(1...ipar)  (1...ipar) (1...icontpar) (1...nselmw)

microwindow (jmw=1...nselmw)
geometry (kgeo=1...ilimbmw(jmw) )

spectral grid point (Isig=1...nsam(jmwy))

1 l..nsam(l):

) 1...nsam(1)

1 1 1

3 ..nsam(1)

4 1...nsam(1)

~ :

‘8 1 1..nsam(2)

o) :
=

‘_i ) 2 1...nsam(2)

N :

g 3 1l..nsam(2)
o
=

S :

E 1 l..nsam(3)

5] :

23 ;

O ) 1...nsam(3)

1 1...nsam(4)

4 .

) 1...nsam(4)

1. Writing the tangent presaure derivatives into the Jacobian matrix:

The derivatives with resped to the tangent presaure ae only different from 0O if the parameter
level isidenticd to the geometry.

We begin with the first row of the Jacobian matrix for the adual Mw: Irow=irowmw(inw) and
the wurting index for the geometry of the derivative spedramgeo is st to 0.

The following happens inside aloop ower the parameter levels: 1 < jpar < ipar:

[col=jpar
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if [lokku(jpar,imw)] :

The geometry is counted up mgeo=mgeo+1

andin aloop ower the frequency course grid 1< ksig < nsam(imw) the Jacobian matrix is st up:
rjacob(lrow,lcol)=rptander (ksig,mgeo)
[row=Irow+1

2. Writi ng the temperature derivatives into the Jaambian matrix:
For al parameter levels1 < jpar <ipar:

The adual column o the parameters for the temperature derivativesis:
[col=ipar+jpar
andthe starting row is:
[row=irowmw(inmw)
Then for all geometries 1 < kgeo < ilimbmw(imw) and all frequency grid pants 1 < Isig <
nsam(imw):
rjacob(Irow,lcol)=rtpertfov(lsig kgeo,jpar)
[row=Irow+1

3. Multiplication d the 'locd' continuun derivatives with the @ntinuum jacbian matrix and
writi ng the result into the Jacohian matrix:

Begin loopl on continuum parameters: jpar=1,...jcontpar
[col=2*ipar+|par
[row=irowmw(imw)
Begin loopll onthe goeometries of the arrent MW: kgeo=1,.. jli mbrmw(imw)
Begin looplll onfrequency: Isig=1, ..., rsam(imw)
m3=0.
r1=0.
BeginlooplV onthe‘base’ levels. ml=1, ...,ibase
if (Iparbase(ml))then
m3=m3+ 1
m2=(imw-1)*ibase+ ml
r1=r1+rcderfov(lsig,kgeo,m3)* rjaccon(mz,jpar)
endif
EndlooplV onthe‘base’ levels
rjacob(lrow,lcol)=r1
Irow=Irow+1
Endlooplll onfrequency
Endloopll on geometries of the aurrent MW
Endloop| on continuum parameters

4. Writing the instrumental off set derivatives into the Jacbian matrix:
The derivatives with resped to the instrumental continuum are equal to 1.
The olumn where the derivatives are written for the adual Mw is:
[col=2-ipar+icontpar+inw

The starting row is: Irow=irowmw(imw)
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Then, for al geometries 1 < kgeo < ilimbmw(imw) and all frequency grid pdnts 1 < Isig <
nsam(imw):

rjacob(Irow,lcol)=1

[row=lrow+1

2.2.11.25 ADDOFF_PT

Description
This modue alds the instrumental off set to the spedra

Variables exchanged with external modules

Name Description

rspfov rspfov(imxi,imxgeo,imxmw) = spedra crrespondng to the different
tangent altitudes on the marse frequency grid

imw index of the ac¢ual microwindow

ilimbmw | ilimbmw(imxmw) = number of valid measured geometries per
microwindow

nsam nsam(imxmw) = number of sampling points in ead microwindow
(coarse grid)

roffs roff s(imxmw) = instrumental continuum, for ead microwindow

Detailed description
For ead valid limb view of the cmnsidered microwindow (jli mb=21 — ili mbrmw(imw))
for eat spedral point of the given microwindow (ksig=1 — nsam(imw))
the instrumental off set roffs(imw) is added to the spedral point:
rspfov(ksig,jli mb,imw) = rspfov(ksig,jli mb,imw) + roff(imw)

Note that the result of this operationis gored in the origina vedor rspfov.

2.2.12 ABCALC_PT

Description
This modde caculates the matrices A=K'S'K +K (V*)"'K,, B"=(k's?

B, =K (S%)™ (seeADG for the definition o these matrices).

T

and

Variables exchanged with external modules

Name Description

rjamb The K matrix (used dmensions (itop*iohs))

rvemobinv | Inverse of the VCM of the observations, na divided by the square of the
noise
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ra A matrix of [AD6]
rbt Transpose of the B matrix of [AD6]
iobs total N. of observations
itop total n. o unknown parameters
nselmw Number of seleded microwindows (used to build S* matrix)
ilim bmw ilimbmw(imxmw) = n. o sweeps at which the airrent MW is used
nsam nsam(imxmw) = n. d sampling pointsin eac MW (coarse grid)
rnoise Noise used to build the S* matrix
ilimb ilimb = N. of considered swees
lokku lokku(imxgeo,imxmw) = MW occupation matrix
rjados jambian matrix of engineaing pointings (matrix K1 in [AD6])
i par n. d retrieved pantsinthe T (VMR) profile
rinvclos rinvclos(imxlmb,imxlmb) = inverse of the VCM of the elgineaing
pointings
lextinfl logica switch for enabling the use of LOS engineeing info
rblos rblos(imxtopjmxImb) = matrix B, =K ] (V*)™ defined in the dorithms
document [AD6]
lifend switch for using LOS info only at the end o p,T retrieva
liflc logicd variable indicating whether thisisthelast cdl to thismodue

Module structure

This modue mmputes A, B' (equal to transpase of B) and B; matrices. The S* matrix is a block
diagonal matrix. The square sub-block referring to the j-th MW has dimension equal to nsam(j).
The number ‘Nblocks of blocks of S* is given by the summation on all the microwindows
(=1..rselmw) of ili mbrmw(j).

e Step 1

The rjacob matrix (itop,obs) is divided in blocks. The block referring to a considered geometry of
microwindow j has dimensions (itop*nsam(j)).

o Step 2

Each bock is multiplied by the @rrespondng j-th square block (dimension nsam(j)- nsam(j) of
rvemobinv matrix; the result is copied in the arrespondng block of matrix B.

S MATRIX
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e Step 3
Matrix B ismultiplied by K matrix to get A matrix.
e Step 4

If LOSinfoisto beused it cdculates matrix B; and adds the contribution K | (V) 'K , to matrix A.

Detail ed description

* Standard cdculation (A=K"™* $*-1*K):
icount=0
doj=1,nselmw
do k=1,ilimb
if (lokku(k,j))then
rnoise2 = SNGL(1.0D0/rnoise(j,k)**2)
* Multiplicaion rjaab * rvemobinv (Kt * V** -1):
dd=1, itop
don=1, nsam(j)
rtempl=rjamb(1+icourt,l)* rvcmobinv(1,m,j)
daonl1=2,nsam(j)
rtempl=rtempl+
& rjacob(ml+icourt,l)* rvemobinv(m1,m,j)
end do
rbt(icount+m,l)=rtempl*rnoise2
end do
end do

icourt = icourt + nsam(j)
endif
enddo !endloopLS (k=1,..ilimb)
enddo ! endloopMWs (j=1,...rselmw)

* Multiplicaion d rbt *rjamb--->ra

do k=1,top

doj=1,k
rtemp1=rbt(1,))*rjacob(1,k)
dol=2,iobs
rtempl=rtemp1+rbt(l,j)* rjacob(l,k)
end do
ri=dble(rtempl)
ra(j,k)=r1
ra(k,))=r1

end do

end do

* if engineging LOS info hasto be used:
if (lextinf1.or.(lifend.andliflc)) then

* we compute rblos = rjados(transposed) * rinvclos:
doj=1,limb-1
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doi=1,ilim b+ipar
rl =rjados(1,)*rinvclos(1,))
do k2,limb-1
rl =rl+rjados(k,i)*rinvclos(k,j)
end do
rblos(i,j) =rl
end do
end do
* we compute then rblos* rjados and at the same time we ad it to ra:
doj=1,ilim b+ipar
doi=1,ilim b+ipar
rl =rblos(i,1)*rjados(1,))
do k2,limb-1
rl=rl+ rblos(i,k)*rjados(k,j)
end do
ra(i,j) =ra(i,j) +rl
end do
end do

endif

end
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2.2.13 DIFCHI_PT

DIFCHI_PT ]

Description
It cdculatesthe y? function that has to be minimised in retrieval procedure.

After the mmputation d the vedor of the residuals (rnres) from the observed (robs) and simulated
(rspfov) spedra, it performes the matrix product between the transpase of rnres and rnres, weighted

by the inverse of the variance @variance matrix of the observations (rvemobinv).

Variables exchanged with external modules:

Name Description

iobs total number of observations

itop total number of parametersto be fitted

robs robs(imxi,imxgeo,imxmw)): observed spedra arrespondng to the different
tangent altit udes and dff erent microwindows (on the marse frequency grid)

rspfov rspfov(imxi,imxgeo,imxmw): simulated spedra crrespondng to the diff erent
tangent presaures and dff erent microwindows on the frequency coarse grid: (
rspct * FOV )

rvemobin | rvemobinv(imxi,imxi): elementary block of the inverse of the variance

% covariancematrix of the observations associated to the wider microwindow.

real*4

rnoise rnoise(imxmw,imxgeo):NESR dependent on geometry and microwindowv

nsam nsam(imxmw): no. d sampling pointsin eacy MW (coarse grid)

nselmw | total number of seleded microwindows for the retrieval

ilimb number of measured geometries

lokku lokku(imxgeo,imxmw)  occupation matrix used for the seledion o
operational MW’ s for ead observation geometry

ilimbmw | ilimbmw(imxmw): number of valid measured geometries per microwindowv
number of 2 in ead column of iocsim)

iterg iterg = index of the adual iteration

rnres rnres(imxobs) : vedor of the differences between the observated spedraand
the cdculated ores;first al the geometries of the first microwindow starting
from the first geometry, then al the other microwindows

rchisq rchisg(O:imxite): total chi-square for ead iteration

rchisgp | rchisgp(imximb,imxmw) chi-square for ead olservation geometry and eat
microwindow

rztang rztang(imxgeo) = adua values of the tangent atitudes of the wnsidered
sweeps

rdzeng rdzeng(imximb) = engineaing diff erences between tangent altit udes

lextinfl | lextinf1l = switch for enabling the use engineeing LOS info

rnreslos | rnseslos(imximb) = residuals of LOS info

rinvclos | rinvclos(imximb,imximb) = inverse of the VC matrix of LOS data
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Module structure

Caculation d the vedor of theresiduals

Control onthe corrednessof the cmmputations

if LOSinfoisto beused: cdculation o the LOS residuals
Definition o Ipart

Cdculation d chi-square

Storage of chi-square.

ok whE

Detail ed description
* Caculation d theresiduas vedor:
jobs=0
doimw=1,nselmw
lgeo1=0
do kgeo=1,limb
if (lokku(kgeo,imw)) then
lgeo1=kgeo1+1
dgsig=1,nsam(imw)
jobs=jobs+1
rnres(johs) = robs(jsig,kgeo,imw) - rspfov(jsig,kgeolimw)
end do
endif
end do
end do
* Internal consistency chedk (the program never stops hereif there ae no bugs):
if (iobs.nejobs)stop 'program stopped in dfchi’
* if LOSinfo isto betaken into acourt we compute the vedor ‘rnreslos’ of the LOS residuals:
if (lextinf1) then

dojobs=1,ilimb-1
rnreslos(jobs) = rdzeng(jobs) - (rztang(jobs+1) - rztang(jobs))
end do
endif

* Since aso the partia chi-square has to be computed we set Ipart = TRUE in arder to ask ‘chisg’
aso
* for the omputation d the partial chi-square.

|part=.true.
* Calculation d chi-square by using chisq_pt modue

cdl chisg_pt(rnres, iobs, itop, rselmw, ilimbmw, nsam, rnoise, rvcmobinv, Ipart, rchi, rchisgp,
ilimb,

lokku, rnreslos, rinvclos, lextinfl)

* Storage of the mmputed chi-square

rchisg(iterg)=rchi

end
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2.213.1CHISQ_PT

Description

It cdculates y* value, performing the matrix prodict between the transpose of rnres and rnres,
weighted by the inverse of the variance @variance matrix of the observations (rvamobinv). If this
subroutine is cdled with ‘Ipart’ = TRUE, it cdculates aso the partial chi-square related to the
differnt MWs and sweeps.

Variables exchanged with external modules

Name Description

rnres rnres(imxobs): vedor of the differences between the observed spedra and
the cdculated ores; first al the geometries of the first microwindowv
starting from the first geometry, then all the other microwindows

iobs total number of observations

itop total number of parametersto be fitted

nselmw | total number of seleded microwindows for the retrieval

ilimbmw | ilim bmw(imxmw): number of valid measured geometries per microwindow
(number of 2 in ead column of iocsim)

nsam nsam(imxmw): n. d sampling pointsin eat MW (coarse grid)

rnoise rnoise(imxmw,imxgeo): NESR dependent on geometry and microwindowv

rvemobin | rvemobinv(imxi,imxi): elementary block of the inverse of the variance

% covariancematrix of the observations related to the widest microwindow.

real*4

|part switch for enabling the storage of the partial chi-square

rchi returned value of the y* function

rchisgp | rchisgp(imximb,imxmw) chi-square for ead olservation geometry and
ead microwindow temperature profil es

ilimb number of measured sweeps

lokku lokku(imxgeo,jmxmw): MW occupation matrix used for the seledion o
operational MW’ s for ead observation geometry.

rnreslos | rnreslos(imxlmb) = residuals of LOS engineaing data

rinvclos | rinvelos(imxImmb,imxImb) = inverse of VC matrix of LOS data

lextinf1l | switch for enablong the use of engineaing LOS data

Module structure:
-

1. Calculation of the matrix product: (rnres)’ -(S) - (rnres)

2. Storage of partial chi-square

3. If the LOS info isto be used the mntribution o LOS residuals to the chi-square is computed
4. Caculation d total reduced chi-square

Detail ed description:

* Calculation d the n. o degrees of freedom ‘ifrede’ of the problem: observations - parameters
ifrede =iobs - itop
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* Some initi ali sations:
rchi=0.  !initialisation o chi-square
inres=0 ! index of vedor rnres (vedor of the residuals)
* cdculation d the chi-square:
do 1Gmw=1,nselmw
lgeo1=0
do 20 geo=1,limb
if (lokku(kgeo,imw))then
kieol=kgeol+1
rchil=0.
do 3@sig=1,nsam(imw)
rpart(jsig)=0.
do 4¢sigl=1,nsam(imw)
rpart(jsig) = rpart(jsig) + rnres(jsigl+inres) * rvemobinv(jsigl,jsig,imw) ! transpose of
nres* rvemobinv
40 continue
rchi 1=rchil+rnres(jsig+inres)* rpart(jsig)
30 continue
inres=inres+tnsam(imw)
rchi 1=rchi1/(rnoise(imw,kgeo)* rnoise(imw,kgeo))
if(Ipart)rchisgp(kgeoljmw)=rchil
rchi=rchi+rchil
endif
20 continue
10 continue

* if LOS infoisto be used, we have to add to the &bove computed chi-square dso the cntribution
of the paintings,
* j.e. (nreslos)” * rinvclos * nreslos
if (lextinf1) then
doi=1,limb-1
rl=0.0d0
dg=1,limb-1
rl=rl+rinvclos(i,j) * rnreslos(j)
end do
rchi =rchi +rl * rnreslos(i)
end do
* if LOSinfoisused, then. o degrees of freedom is updated as well:
ifrede =ifrede +ilimb - 1
endif

*  Cdculation d the total reduced chi-square:
rchi = rchi / ifrede

end
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2.2.14 AMODIF_PT

Description

Multiplication d the diagonal elements of the matrix ra by (1+rlambda).

Variables exchanged with external modules:

Name | Description
ra matrix defined as (transpase of rjacob) * rvemobinv * rjacob
(asthe output the diagonal elements are multi plied with 1+rlambda
rlambda | Marquardt damping fador
itop total number of parametersto be fitted
i par ipar = number of parameter-levels (i.e. N. of elements of rzpar vedor)
icontpar | n. o fitted continuum parameters
do 1g=1,itop

if(j.gt.2*ipar.andj.le.2*ipar+icontpar) then
ra(j,j)=ra(j,j)* (1+rlambda*100.0)

ese

raj,j)=ra(j,j)* (1+rlambda)

endif
10 continue
end

Module structure
1. Multiplication d the diagonal elements of matrix ra by 1+rlambda A personalised damping
fador is used for the dements which correspondto continuum parameters.

Detail ed description
1. Multiplication d the diagonal e ements by 1+rlambda

For1<j<itop:

if j>2*ipar AND j <2 *ipar + icontpar then
ra(j, j)=ra(j, j)-(1+ rlambda*100)

ese

ra(j, j)=ra(j,j)-(1+rlambda)

endif




@) IROE

Prog. Doc. N.: TN-IROE-RSA9602

Development of an Optimised Algorithm for Routine p, T Issue: 3
Page 144392

and VMR Retrieval from MIPAS Limb Emisson Spedra
Date: 07/02/02

2.2.15 NEWPAREST_PT

NEWPAREST_PT ]
|(((+CHISQ_PT *

Description

Caculates the new estimate of the vedor of the unknowvn parameters rxpar and, if iterm=0,
cdculates the y2in the linea approximation as well.

Variables exchanged with external modules:

Name Description

rainv matrix inverse of ra

rbt matrix defined as transpose((transpaose of rjacob) * rvcmobinv)

rnres vedor of the diff erences between the observed spedra and the caculated
ones

rxparold vedor of thefitted parameters at the previous iteration

itop total number of parametersto be fitted

iobs total number of observations to be fitted

iterm micro - iteration index (Marguardt)

rjamb Jambian Matrix

rxpar vedor of the fitted parameters

rlinchisy | 4% cdculated in the linea approximation

rvemobinv | elementary block of inverse of the variance @variance matrix of the

(red*4) observations associated to the widest microwindow

rnoise NESR dependent on geometry and microwindowv

nsam number of sampling pointsin eadc MW (general coarse grid)

nselmw total number of seleded microwindows for the retrieval

ilimbmw | number of valid measured geometries per microwindow
(total number of *2'sin ead column of iocsim)

ilimb number of measured geometries (swees)

lokku occupation matrix used for the seledion o operational MW's for eah
observation geometry

rblos rblos(imxtopjmxImb) = matrix defined asrjaclos' * rinvdos

rnreslos rnreslos(imximb) = residuals of LOS information

lextinfl switch for enabli ng the use of engineeing LOS engineeing data

i par number of fitted pantsinthe T profile

rjados rjados(imxlmb,imxtop) = jacbian matrix of LOS data

rinvclos rinvclos(imxlmb,imxlmb) = inverse of the VC matrix of LOS data

lifend switch fo enabling the use of LOS dataonly at the last iteration

liflc switch telli ng whether thisisthelast cdl to this modue

Module structure

1. Set rxparold = rxpar

2. Cdculate the corredion for the parameters

3.1f theroutineis caled duing amaao-iteration, the linea % is computed
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4. Calculation d the new parameters
Detail ed description
lextbkp = lextinfl I makes the badkup d the switch lextinfl
lextinf1 = lextinfl.or.(lifend.andliflc) I new value of lexinfl

* Makes the badkup d the parameters vedor:
dojpar=1,itop
rxparold(jpar) = rxpar(jpar)
end do

* |nitialisationto 0 d veaors r2v(imxtop) and rxpar (imxtop)

do 15k=1,top
r2v(k)=0.do
rxpar(k)=0.d0
15 continue

* cdculates the mrredion parameter vedor: y=(A™)Bn (rxpar is overwritten by thisl!)

do 20k=1,top
do 3d=1,obs
r2v(k)=r2v(k)+rbt(l,k)* rnres(l)
30 continue
* if LOSinformationisto be used we addto r2 also the contribution from rblos* rnreslos:
if (lexinfl.andk.le.ilimb+ipar) then
do 35=1,ilimb-1
r2v(k)=r2v(k)+rblos(k,i)*rnres os(i)
35 continue
end if
20 continue

do 40k=1,top

do 45par=1,itop

rxpar (jpar)=rxpar(jpar)+rainv(jpar,k)*r2v(k)
45  continue
40 continue

* if iterm=0 (macao-iteration) it cdculates the 'linea differencevedor' of the observations. n{lin} =
n-Ky
* j.e.rnredin =rnres-rjacob * rxpar
if (iterm.eq.0) then I begin condtion onmaao-iteration
do 5(Jobs=1,iobs
r1=0.
do 60 kar=1,top
rl=r1+rjacob(jobskpar)* rxpar(kpar)
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60 continue
rnreslin(jobs)=rnres(jobs)-rl
50 continue

* if the LOS info isto be used, also the linea residuals of the pointings are mmputed:
if (Iextinfl) then ! begin condtionif LOSinfo is used
dgobs=1,limb-1
r1=0.
do kpr=1,ilim b+ipar
rl =rl+ rjados(jobs,kpar) * rxpar(kpar)

end do
rnresloslin(jobs) = rnreslos(jobs) - r1
end do
endif I'end condtionif LOSinfoisused
* cdculates the linea chi square; rchisgpis not cdculated new for the linea chi square:
|part=.false.
cdl chisg_pt(rnredlin, iobs, itop, rselmw, ilimbmw, nsam, rnoise, rvemobinv, Ipart, rlinchisg,
rchisgp, ilimb, lokku, rnresloglin rinvclos,lextinf1)
endif I end condtion onmaao-iteration

* cdculates the new estimate of the parameters vedor:
do 7Qpar=1,top
rxpar(jpar)=rxparold(jpar) + rxpar(jpar)
70 continue

* theinitial status of lextinfl is restored:
lextinfl = lextbkp
end

2.2.16 UPDPROF_PT

UPDPROF_PT ]
|(((+FICARRA_PT *
|((((+LOGINT_PT *
[(((+FGRAVITY *
|((((+LOGINT_PT *
|((((+LINP_PT *
[(((GH-MWCONT_PT *
|(((+FICARRA_PT *

Description
Updates the amospheric profil es on the basis of the new estimate of the parameters vedor rxpar.

Variables exchanged with external modules

Name Description
rxpar rxpar(imxtop) = vedor of the fitted parameters
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itop itop = total number of parametersto be fitted

i par ipar = number of parameter-levels (i.e. N. of elements of rzpar vedor)

rzpar rzpar(imxImb) = vedor of the dtitudes where the temperature profileis
fitted

rzbase rzbase(imxpro) = dtitude of the base-levels

rtbase rtbase(imxpro) = temperature of the base levels

rpbase rpbase(imxpro) = presaure on the base-levels

ibase ibase =number of base-levels

rchase rchase(imxpro,imxmw) = continuum on the base-levels for eadh MW

nselmw | nselmw = total number of seleded microwindows for the retrieval

rvmrbase | rvmrbase(imxpro,jmxgas) = volume mixing ratio o the gases on the
base levels

igas igas = total number of diff erent gases

roffs roff s(imxmw) = instrumental off sets personali sed for microwindowv

Iparbase | Iparbase(imxpro) = logicad vedor which identifies the dtitudes where
the T profileisfitted, among the dtitudes rzbase.

rlat rlat = latitude of the adual limb-scan (deg.)

rztang rztang(imxgeo) = vedor containing the engineaing values of tangent
altitudes.

ilimb ilim b = number of measured geometries

rzsi rzsi(imxgeo) = tangent altitudes of the geometriesto be simulated

igeo igeo = number of simulated geometries

rbase rbase =greaer base of trapezium of Field of View function

lokku lokku(imxgeo,imxmw) = occupation matrix used for the seledion d
operational MW's for eath observation geometry

ilimbmw | ilimbmw(imxmw) = number of valid measured geometries per
microwindow (number of 2 in ead column of iocsim)

icontpar | icontpar = total number of continuum parametersto be fitted

isaved isaved(imxsav) = vedor containing al the necessary quantities for the
reconstruction d continuum profil es performed by ficarra subroutine

nsam nsam(imxmw) = number of sampling points in eadqy MW (general
coarse grid)

ifspomw | ifspmw(imxmw) = index of the first sampling point of eadc MW
* NOTE: the sampling point at frequency=0 hasindex=1

dstep dstep = distance between coarse-wavenumber grid pants [cm-1]

rjacon | rjacaon(imxpro*imxmw,imxcop) = jacbian matrix for the derivative
of the mntinuun base-level values with resped to the cntinuum
parameters

nucl nucl = number of limb geometries to be skipped before starting
continuum fit; numbering starts from top.

rperc rperc = maximum relative (with resped to rconint) distance between
central frequencies of two microwindows which are defined as close-
close ones for the definition d continuum emisson

rconint rconint(imximb,imxmw) = frequency range aoundead MW, for eat
sweep tangent dltitude, in which the continuum can be mnsidered as
varying linealy.

I cfit Icfit(imxgeo,imxmw) = continuum occupation matrix
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Module structure and detailed description

The modue proceals aong the steps identified by the following bull ets:

o First we verify that the tangent altit udes have not crossed:
Ihaveaossed = .false.
doj=2,ipar
if (rxpar(j-1).ge.rxpar(j)) Ihaveaossed = .true.
end do
if (Ihaveaossed) then
write(*,* )WARNING from UPDPROF:'
write(*,* )'The pointings tried to crossead aher;'
write(*,* )'the tangent altitudes will not be updated'

endif

¢ All the'base inpu profiles are saved into 'old' vedors and matrices:
ibaseold = ibase
begin loopl on‘base’ levelsj=1, ...,ibaseold
rzbaseold(j) = rzbase(j)
rtbaseold(j) = rtbase(j)
rpbaseold(j) = rpbase())
Iparbaseold(j)) = Iparbase())
begin loopll ongases: k=1, ...,igas
rvmrbaseold(j,k) = rvmrbase(j,k)
endloopll ongases
beginlooplll onMW’s: k=1, ..., rseelmw
rcbaseold(j,k) = rcbase(j,k)
rcbaseor (j,k) = rcbase(j k)
endlooplll onMW’s
endloopl on‘base’ levels

¢ Now the indexes of the 'base' profil es that correspondto altitudes where the T profileis fitted are

identified:
k=1
begin loop onthe ‘base’ levels: j=1, ...,ibase
if Iparbase(j) = TRUE then: imodif(K)=j, k=k+1
endloop onthe ‘base’ levels

e At this point k-1 shoud be equal to ipar. If these two quantities are different a fatal error is
produced and the program is gopped. The occurency of this error is linked to the presence of a

bug in the program.

e cdculates now the scding fadors for the T profile for the regions above the highest fitted pant

'rtscalabove and below the lowest fitted pant 'rtscalbelow':
rtscalabove = rxpar(ipar+ 1)/rtbaseol d(imodif(1))
rtscalbelow = rxpar(ipar*2)/rtbaseold(imodif(ipar))
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e Updates now the temperature profile & the OLD altitudes, in 3 steps. The obtained profile is
recorded in the vedor rtbaseor (rtbaseor = rtbase-old-representation).
Step 1 region above the highest fitted pant, the profileis sded
begin loop onlevels: k=1, ...,imodif(1)-1
rtbaseor (k) = rtbaseold(k) * rtscalabove
endloop onlevelsk
Step 2 region between first and last fitted pants (linea interpolation used).
begin loop on @rameter levels. j=1, ...,ipar-1
begin loop onlevels where the temp. is changed by the aurrent parameter:
k=imodif(j),..,imodif(j+ 1)
r3=rxpar(ipar+j+1)-rxpar(ipar+j)
r4=rzbaseold(imodif(j+ 1))-rzbaseol d(imodif(j))
r5 = rzbaseol d(k)-rzbaseol d(imodif(j))
rtbaseor (k) = rxpar(ipar+j) + ((r3/r4)*r5)
endloop onlevels k where the temp. is changed by the aurrent parameter
endloop on prameter levelsj.
Step 3 region below lowest fitted pant, the profileis sded
begin loop onlevels. k=imodif(ipar)+1,...,ibase
rtbaseor (k) = rtbaseold(k) * rtscalbelow
endloop onlevelsk.

e Update of the vedor rcpar of the continuum parameters:
rcpar(j) = rxpar(2*ipar+j) forj=1, ...,icontpar

e Update then continuum profiles at the ‘old’ presaures, by using FICARRA_PT modue. The
computed profiles are recorded in the aray rcbaseor.
cdl ficarr a_pt(nsam, dstep, ifspmw, rcbaseor, rpbaseold, ibaseold, nselmw, ilimb, rcpar,
isaved, rjaccon)

e rpbaseis now put in the new representation, i.e. we dange the points represented in the vedor
rpbase; note that this operation daes not correspondto a modificaion d the presaire profile,
presaure is indeed the independent variable!

begin loop on‘base’ levels: j=1, ...,ibaseold
begin condtion.if rpbase(j) < rxpar(1l) AND rpbase(j+1) >rxpar(1) then
ihigh=j
ibase = ihigh+ ipar + 1
begin loop onlevelsk=ihigh+1, ...,ibase-1
rpbase(k)=rxpar (k-ihigh)
endloop onlevelsk
exit from loop on‘base’ levels]j
end condtion
endloop on'base’ levels).
rpbase(ibase)=rpbaseol d(ibaseold)

e |parbase vedor is now updated. This operation is necessary only when ibase and ibaseold are
different.
beginloop on'base” levels: j=1, ...,ibase
begin condtionl|. if j <ilimb+1 then:
Iparbase(ibase-j+ 1) = Iparbaseold(ibaseold-j+ 1)
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otherwise set:
Iparbase(ibase-j+1) = FALSE
end condtion|.

endloop on'base” levels|

e Put now the temperature profile rtbaseor in the new representation identified by rpbase, using
log interpalation, LOGINT modueis used:
begin loop on‘base’ levelsk=1, ...,ibase
L OGINT (rpbaseold,rtbaseor ibaseold,r pbase(k),rtbase(k))
endloop on'base’ levelsk

e The dtitudes rzbase are now updated onthe basis of hydrostatic equili brium law.
The tangent dtitude of the lowest sweep, provided by engineaing information is assumed to be
corred:
rzbase(ibase-1) = rztand(ili mb)
Calculates now the dtitude of the lowest paint of the profiles (the processis re-iterated orce, in
order to have the gravity computed more predsely):
rl= ((rtbase(ibase)+rtbase(ibase-1))*.5)
r2=rl/(rmovr* GRAVITY (rzbase(ibase-1),rlat))
rzbase(ibase)=rzbase(ibase-1)-r2*log(rpbase(ibase)/rpbase(ibase-1))
r2=rl/(rmovr* GRAVITY ((rzbase(ibase)+rzbase(ibase-1))/2. rlat))
rzbase(ibase)=rzbase(ibase-1)-r2*log(rpbase(ibase)/rpbase(ibase-1))
Calculates then the other dtitudes:
begin reverseloop onlevelsk = ibase-2, ..., 1 step=-1
rl= ((rtbase(k)+rtbase(k+1))*.5)
r2 = rl/(rmovr* GRAVITY (rzbase(k+ 1),rlat))
rzbase(k)=rzbase(k+1) - r2*log(rpbase(k)/rpbase(k+ 1))
r2=rl/(rmovr* GRAVITY ((rzbase(k)+rzbase(k+ 1))/2. rlat))
rzbase(k)=rzbase(k+1) - r2*log(rpbase(k)/rpbase(k+ 1))

endloop onlevels k

¢ Interpdates VMR and continuum profil es to the new presaure grid:
beginloopl onlevels. k=1, ...,ibase
begin loopll ongases: j=1, ...,igas
LOGINT_PT(rpbaseold,rvmrbaseold(1,j),ibaseold rpbase(k),rvmrbase(k,j))
endloopll ongases|
beginlooplll onMW’s: j=1, ..., rselmw
LINP_PT (rpbaseoldrcbaseor(1,),ibaseold,rpbase(k),rcbase(k,j))
endloopll ongases|
endloopl onlevelsk

e Computation d rjacoon at the new presaure grid:
1) re-computation d rcpar:

icpar = icontpar

MWCONT _PT (dstep,nsam,if spmw,rcbase,ibase,isaved, nucl lokku,

nsel mw, | cfit,lcocmat,ili mb,rperc,rconint,rcpar,icontpar)

2) if now icontpar isNOT equal to icpar afatal error is produced: the results of the groupng of the
continua & the different MW’ s hasto producethe same results for afixed set of MW’s.
3) computation d rjaccon:




Prog. Doc. N.: TN-IROE-RSA9602
Issue: 3

Date: 07/02/02 Page 151392

Development of an Optimised Algorithm for Routine p, T
@ IROE and VMR Retrieval from MIPAS Limb Emisson Spedra

FICARRA _PT (nsam,dstep,ifspmw,rcbase,rpbase,ibase,nsel mw,
ili mb,rcpar,isaved rjaccon)

Updates the vedor roffs of the instrumental off set:
begin loop onmicrowindows: j=1, ..., rselmw
roffs(nselmw-j+ 1) = rxpar(itop-j+1)
endloop onmicrowindowsj

Updates now the tangent altit udes of the measurements (the lowest measurement of course is nat
included):
begin loop onswees, k=2, ...,ilimb
rztang(ili mb-k+1)=rzbase(ibase-k)
endloop onsweeps k

Updates now the vedor rzs that corresponds to the tangent altit udes of the smulated spedra.
begin loop onswees, k=2, ...,ilimb+1
rzd(k) = rztand(ili mb-k+2)
endloop onswees k
rzd(1)=rzd(2)-(rbase/2)
rzs(ili mb+2) = rzg(ili mb+ 1)+ (rbase/2)

e Updatesthe vedor of the unknowvn parameters:
A - Tangent temperatures:
j=0
dok=1,ibase
if (Iparbase(k)) then
j=j+1
rxpar (ili mb+j)=rtbase(k)
endif
end do
B - Tangent continuum:
dok=ili mb+ipar+1, ili mb+ipar+icontpar
rxpar(K) = rcpar (k-ili mb-ipar)
end do

2.2.17 CONVCHK_PT

Description
Chedks whether the cnwvergence has been readed o afurther iteration (iterg) isrequired.

Variables exchanged with external modules

Name | Description

rchisq rchisg(0:imxite) = total chi-square & ead iteration

iterg iterg = index of the arrent maao-iteration

rlinchis | rlinchisg = value of the di-square, in the linea approximation,
q relative to the aurrent maao-iteration
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rxpar rxpar(imxtop) = vedor of the fitted parameters at the aurrent

iteration
rxparol | rxparold(imxtop) = vedor of the fitted parameters in the previous
d iteration
i par n. o fitted pantsinthe T profile
itop itop = total number of retrieved parameters
iobs iobs = total number of fitted spedral data points

rlambda | rlambda =Marquardt’s damping fador

rthresl | rthresl = threshold n.1 wsed to ched convergence aiteria

rthres2 | rthres2 = threshald n.2 1sed to ched convergence aiteria

rthres3 | rthres3 = threshald n.3 wsed to ched convergence aiteria

Iconver | lconverg = logicd variable which is TRUE only if the
g convergence has been reated

Detail ed description

e Initialisation o lconverg:
Iconverg = .FALSE.

e Chedk that iterg > 0, aherwise stops the program. This is only a @mnsistency ched, i.e. the
convergencehasto be cdhedked only after theinitial iteration.
if (iterg.lt.1) then
write(*,'(@)")'FATAL ERROR in CONVCHK: '
write(*,'(a)")'Subroutine CONVCHK has been cdled with iterg < 1.
write(*,'(@)")'--------- PROGRAM STOPFED ---------- '
stop
endif

e Evaluation d the first convergence aiterion, i.e. variation d the di-square. The result is gored
inthelogicd variablelcritl:
rchivar = abs((rchisq(iterg)-rlinchisg)/rchisq(iterg))
Icritl = rchivar.lerthresl

e Evaluation d the seand convergence giterion, i.e. max. relative variation d tangent presaire
parameters. Theresult is dored in the logicd variable Icrit2:
rmaxvarpar = 0.
do 10Q=1, ipar
if (rxparold(j).ne.0) then
rvarpar = abs((rxparold(j) - rxpar(j))/rxparold(j))
endif
if (rvarpar.gt.rmaxvarpar) rmaxvarpar = rvarpar
100end do
lcrit2 = rvarpar.le.rthres2

e Evaluation d the third convergence aiterion onmax. relative variation d tangent temperature
paremeters. Theresult is dored in the logicd variable Icrit3:
rmaxvarpar = 0.
do 103=ipar+1, 2*ipar
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rvarpar = abs(rxparold(j) - rxpar(j))
if (rvarpar.gt.rmaxvarpar) rmaxvarpar = rvarpar
102 end do
lcrit3 = rvarpar.le.rthres3

e Thefina result of the mnvergence dheds in then evaluated:
lconverg = lcritl .or. (Icrit2 .and. lcrit3)

2.2.18 AINVCAL_PT

AINVCAL_PT
|-----JACOBI_PT ]

Description

This subroutine cdculates the inverse of the matrix A by using the singular value decompasition
method as explained in ADG. It uses the Numericd Redpes subroutine ‘jacmbi’ in arder to compute
eigenvedors and eigenvalues of matrix A.

Variables exchanged with external modules:

Name | Description

ra Origina matrix A

itop Dimension d the matrix ra (total n. o parametersto be fitted)
rainv Inverse of matrix A (or ‘generalised’ inverse)

Detailed description: please refer to the Numericd Redpes book (RD2).
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2.2.19 OUTPUT_PT

Description: Routine which generates output fil es acording to [AD7]. Source ®de of this modue
is listed in [AD7]. Please note that this routine writes into the file ‘pt_ou.dat’ the qualifiers
charaderizing continuum retrieved parameters, by using (a cdl to) the subroutine wn_char_pt.f
described in Sed. 3.2.35.

Variables exchanged with external modules

Name Description

rxpar Seedescriptionin sedion 2.3

i par Seedescriptionin sedion 2.3

icontpar | Seedescriptionin sedion 2.3

rainv Seedescriptionin sedion 2.3

rztang Seedescriptionin sedion 2.3

rztanginit | Vedor which contains the inital values of the rztang vedor (See ©de in
Appendix)

rvchcorr | rvchcorr(imximb,imxlmb) = VMC of the tangent heights corredions

nsam Seedescriptionin sedion 2.3

robs Seedescriptionin sedion 2.3

rspfov Seedescriptionin sedion 2.3

rchisq Seedescriptionin sedion 2.3

iobs Seedescriptionin sedion 2.3

itop Seedescriptionin sedion 2.3

iterg Seedescriptionin sedion 2.3

iterm Seedescriptionin sedion 2.3

rlambda | Seedescriptionin sedion 2.3

rlinchisq | Seedescriptionin sedion 2.3

ilimb Seedescriptionin sedion 2.3

igeo Seedescriptionin sedion 2.3

nselmw | Seedescriptionin sedion 2.3

rchisgp | Seedescriptionin sedion 2.3

dab Seedescriptionin sedion 2.3

lokku Seedescriptionin sedion 2.3

linloop | Swich which alows (if true) to save only information concerning eat
iteration and nd information concerning the entire retrieval. (See the
source @dein appendix of AD7)

I cfit Icfit(imxgeo,imxmw), seedescriptionin sedion 2.3

lcomat |ccmat(imxgeo,imxmw), seedescriptionin sedion 2.3

nucl Seedescriptionin sedion 2.3
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2.2.20 LININT_PT

Description: Modue used to cdculate linea interpaations in the dtitude domain.

Variables exchanged with external modules

Variable | Description:

rx rx(imxpro) = vedor of 'ipro' elements containing the values to
which 'ry(imxpro)' profileisreferred.

ry ry(imxpro) = vedor of 'ipro' elements containing the profil e used
for the interpalation

ipro ipro = number of elementsin rx(i) and ry(i) profiles

rx1 rx1 = vaue of rx where the value of the profileis
required.

ryl ryl = value of the profile @rrespondng to rx1

Algorithm Description

We have avedor ry(imxpro)containing a genera profile, the dements of this vedor are referred to
the dtitudes recrded in the vedor rx(imxpro). The problem is to find the value of the profile
correspondng to the dtitude rx1 assuming a linea behaviour of the profile within the points

represented in ry(imxpro). For optimisation puposes the vedors rx and ry are suppased as rted
starting from high altitudes.

Detail ed description

The caculation pgroceals in the foll owing two steps:

e Seach for the index j so that: rx(j+1) <rx1 <rx(j);if such index does nat exist, a fatal error is
produced (this can happen orly if the profiles are not ordered starting from high altitudes or the
requested altitude rx1 does not belong to the range avered in the vedor ry).

e Linea interpdationisthen performed:

ryl = ry()+((ryG+1)-ry())/(rx(+1)-rx()))* (rx1-rx()).




Prog. Doc. N.: TN-IROE-RSA9602

Development of an Optimised Algorithm for Routine p, T lssue: 3
@ IROE and VMR Retrieval from MIPAS Limb Emisson Spedra SUe
Date: 07/02/02 Page 156392

2.2.21 GRAVITY

Description: This modue cdculates the gravity acceeration as a function d atitude and geodetic
latitude.

Variables exchanged with external modules:

Variable | Description:

rz rz = current atitude measured onthe sealevel (km)

rlat rlat = current geodetic latitude (deg.)

gravity gravity = gravity acceeration at latitude rlat and dtituderz (m/s**2)

Detail ed description

For the cdculation d gravity as a function d atitude and latitude, the scientific code uses the
theory described in the document AD6. We report here below the expressons which are evaluated
in sequence by the wde.

Let’sdefine:
®=rlat* &)the latitude in expressed in radiants,
The following expressons are then eval uated:

g, = 980616 - [1 - 0.0026373c0os(2d) + 0.0000059¢0s>(2D)]

ra
2

Jl— [1— rsz sen’ @
ra

Where ra and rb are respedively the equatorial and the polar radii of the eath and are defined as
parametersin ‘ parameters.inc’.
Then we evaluate:

2 2
R:\/fzcosz®+(%f-sen®]

ra

Afterwards:

2

g=g, + Qz%coszcb-lom
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> 2
where: Q° =rom2 = z /1.00273790 is the square of the angular speed of the
86400sec./day

eath. rom2 is a parameter defined in ‘ parameters.inc’.

Finally we have:

- R Y f+rz
ity=g| —— | - Q?*f SO,
gravity g( R. rz] ( R ]co
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2.2.22 ESPINT_PT
Description
Modue used to cdculate exporentia interpolations.
Variables exchanged with external modules:
Variable | Description:
rx rx(imxpro) = vedor of 'ipro' elements containing the values to which
'ry(imxpro)' profileis referred.
ry ry(imxpro) = vedor of 'ipro' elements containing the profile used for
the interpolation
ipro ipro = number of elementsin rx(i) and ry(i) profiles
rx1 rx1 = vaue of rx where the value of the profileis
required.
ryl ryl = value of the profile @rrespondng to rx1

Algorithm Description

We have avedor ry(imxpro)containing a genera profile, the dements of this vedor are referred to
the dtitudes recrded in the vedor rx(imxpro). The problem is to find the value of the profile
correspondng to the dtitude rx1 assuming exporential behaviour of the profile within the points

represented in ry(imxpro). For optimisation puposes the vedors rx and ry are suppased as rted
starting from high altitudes.

Detail ed description

The caculation pgroceals in the foll owing two steps:

e Seach for the index j so that: rx(j+1) <rx1 <rx(j);if such index does nat exist, a fatal error is
produced (this can happen orly if the profiles are not ordered starting from high altitudes or the
requested altitude rx1 does not belong to the range avered in the vedor ry).

e Exporentia interpoationisthen performed:

ryl = log(ry())+((log(ry(+ 1)/ry()))/(rx(+1)-rx(})))* (rx1-r(j))
ryl = exp(ryl)
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2.2.23 LOGINT_PT

Description
Modue used to cdculate logarithmic interpalations of profil esthat are function d presaure.

Variables exchanged with external modules

Variable | Description

rx rx(imxpro) = vedor of ‘ipro’ elements containing the values to which
'ry(imxpro)’ profileisreferred.

ry ry(imxpro) = vedor of ‘ipro' elements containing the profile used for the
interpolation

ipro ipro = number of elementsin rx(i) and ry(i) profiles

rx1 rx1 = value of rx where the value of the profileis
required.

ryl ryl = value of the profile crrespondngto rx1

Algorithm Description

We have avedor ry(imxpro)containing a genera profile, the dements of this vedor are referred to
the presaures rearded in the vedor rx(imxpro). The problem is to find the value of the profile
correspondng to the presaure rx1 assuming logarithmic behaviour of the profile within the points
represented in ry(imxpro). For optimisation pupaoses the vedors rx and ry are suppased as ordered
starting from low presaures.

Detail ed description

The caculation pgroceals in the foll owing two steps:

e Seach for the index j so that: rx(j) <rx1 <rx(j+1);if such index does nat exist, a fatal error is
produced (this can happen only if the profiles are not ordered starting from low presaures or the
requested presaure rx1 does not belong to the range wvered by the vedor ry).

e Loginterpdationisthen performed:

rl=ry(+21)-ry()

r2 = log(rx()/rx(+1))
r3 = log(rx(j)/rx1)
ryl = ry(j)+((rr2)*r3)

whererl,r2 andr3 are scratch variables.
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2.2.24 PTFROMZ_PT

PTFROMZ ]
|----GRAVITY *

Description
Thismodue is used to cdculate presaure and temperature & a given atitude, starting from presaure
and temperature profiles as afunction d altitude.

Variables exchanged with external modules

Variable | Description:

rzprof rzprof(imxpro) = vedor of 'ipro’ elements containing the dtitudes to
which press and temp. profiles are referred

rpprof rpprof(imxpro) = veaor of 'ipro’ elements containing presaure profil e

rtprof rtprof(imxpro) = vedor of 'ipro' e ements containing temperature profil e

ipro ipro = number of elementsin p,t profiles

rlat rlat = latitude of the measurements (deg.)

rzl rz1 = dtitude where p andt are required

rpl rpl = presaire & the dtituderzl

rtl rtl = temperature a the dtitude rz1

Algorithm Description

Presaure and temperature profiles are mntained respedively in the vedors rtprof and rpprof which
are referred to the dtitudes contained in the veador rzprof. Given the dtitude rz1 the problem is of
finding the presaure rpl and the temperature rt1 that correspondto the dtitude rz1.

The temperature rtl is computed using linea interpolation in the dtitude domain, while presaure
rplisobtained using hydrostatic equili brium law.

Detail ed description

The caculations procee in the foll owing steps:

e Seach for the index j so that: rx(j+1) <rx1 <rx(j);if such index does not exist a fatal error is
produced (this can happen orly if the profiles are not ordered starting from high altitudes or the
requested altitude rx1 does not belong to the range cvered in the vedor ry).

e Linea interpdation o temperatureis performed:

rtl = rtprof(j)+ ((rtprof(j+1)-rtprof(j))/(rzprof(j+ 1)-rzprof(j)))* (rz1-rzprof(j))
e Presareisthen computed by means of hydrostatic equili brium law:

rconst = - gravity(rz1rlat) * rmovr
rpl= rpprof(j)* exp(rconst* (rz1-rzprof(j))/[ (rtl + rtprof(j))/2)

Where: rconst is an internal scratch variable, rmovr is a parameter described in ‘ parameters.inc’ and
gravity is computed by GRAVITY function.
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2.2.25 CONV_PT

Description

This modue is used to perform convdution d the spedra and derivatives with the AILS function.
In a cdl to modue CONV_PT the convdution with the AILS function rils is performed for the
original spedarum rsp, for the cntinuum derivatives rcder or for the temperature perturbed spedra

rsppert.

Variables exchanged with external modules

imw | imw = index of the ac¢ual microwindow

igsm |igsim = index of the adual geometry

nsam | nsam(imxmw) = number of ohbserved sampling points for the microwindow

nils nils= number of elements of rils.

<WARNING> nils must be an odd nunber

rsplank | rsplank(imxsig) = functionto be cnvdved provided in the fine grid

rspct | rspet(imxi) = result of the mwnvdution

rils ril s(imxil s,imxmw) = instrument-li ne-shape function provided in the fine grid
rintils |ratio between the frequency step approximating infinitesimal spedral resolution
and the summation d the interpolated-AlL S-function values

nrd ratio between the frequency steps of the warse and the fine grid. <\WARNING>
this ratio must be dgebricdly integer

Algorithm Description

This modue cdculates the cnvdution integral between an inpu function, provided in the fine
frequency-grid, and the AILS function as it comes from modue FAILS. The result of the
convdutionis cdculated in the aarse grid in afrequency interval that isreduced on bdh sides with
resped to that of the input function. The reduction is equivaent to the broadening introduced by
iadd and eliminates the truncaion effeds introduced by the convdution pocess The resulting
frequency interval and frequency grid coincide with those of the observations.

Module Structure

1. Convdution ketween the input function and the AILS function groviding the result in the marse
frequency grid.

2. Normalisation d the results of convdution.

Detail ed Description
1. Convdution between the inpu function and the AILS function.
The onvdutionintegral is computed, at the i frequency as:

nils

rspet; = erlank[(ifl)*nrdJrk] TilSis k1)

k=1
where k isincremented by steps of 1.
The computation o rspct; is repeaed for values of i going from 1 to nsam(imw).

2. Normalisation d the results of convdution.
All the values computed at step 1 are normali zed multi plying them by rintil s.
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2.2.26 MWCONT_PT

Description

This subroutine performs the grouping of the dose mws among the seleded oresin arder to reduce
the number of the mntinuum parameters which have to be cnsidered for eady mw in the retrival
process

The grouping is made possble by the hypathesis of linea variation o the amospheric continuum
value on frequency ranges (‘umbrellas) that are larger than average width of a seleded mw, so that
it is posgble to linealy interpdate the continuum value of a internal mw between the values of
sufficiently close external mws. This routine looks for the posgble groupng starting from the
knowledge of the position d all the mws, their width , the range of lineaity of the cntinuum for
eat mw andfor ead geometry.

Variables exchanged with external modules

Name Description
dstep dstep = distance between coarse-wavenumber grid pants [cm-1]

nsam nsam(imxmw) = number of sampling pointsin ead mw (coarse grid)
ifsomw | ifspomw(imxmw) = index of the first sampling point of eatch MW
rchase rchase(imxpro,imxmw) continuum on the base-levels for ead MW

ibase ibase =number of base-levels

isaved isaved(imxsav) = vedor containing al the necessary quantiti es for the
continuum interpalationin ficarra subroutine

nucl nucl=index of the higher covered geometry

lokku lokku(imxgeo,imxmw) = logicd occupation matrix

nselmw | nselmw = N. of seleded microwindows

I cfit [cfit(imxgeo,imxmw) = occupation matrix of continuum fitted parameters

lcomat Iccmat(imxgeo,imxmw) = occupation matrix of Close-Close Mw's

ilimb ilimb = N. of considered swees

rcperc rperc = percent of overlap between two MW (if dist% < rperc then CC)
rconint rconint(imxgeo,imxmw) = width o the umbrellafor ead geo and MW
rcpar rcpar(imxcop) = vedor of the ansidered continuum parameters
icontpar | icontpar = numper of the mnsidered continuum parameters

Algorithm Description:
The goal of this modue is to group, for ead geometry, the dose (in frequency domain) mws in
order to pass to the following subroutines a reduced number of continuum parameters. If no
groupng is applied, for each mw a cntinuum profile has to be @mnsidered in retrival agorithm;
instea, if some grouping is performed ony the continuum value for edge mws of grouped ores can
be passd (seeFig. 4). So in this particular case if no groupng is made the cntinuum parameters
are c,c2,c3,c4,c5 , while if there is an owerlap of the ‘umbrella of the mws from #1 to #4, a
groupng can be performed and the @ntinuum parameters are only c1,c4 and 5.

This routine dso performs a ‘hales hunting’ in occupation matrix, looking for corrupted spedra
which bre& the continuity of True valuesin the amlumns of |okku.
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The found ‘hdes are cdalogued and the related information is gored in the vador isaved. This
information is used at a later stage, when continuum profiles are reconstructed by FICARRA_PT
modue starting from the vedor rcpar of the @mntinuum parameters.

| Grouped MWs |

.......... y_-vv v
cl c2 c3 c4 cd
Frequency
—>
— = Microwindow
V¥ = Continuum value chosen as parameter
O = Interpolated continuum value

Fig 4

Module structure
The modue operates by the foll owing steps:
1. building, for each mw, rsiglrsig2 and mwcen , which respedively are the two edge in frequency
range of the mw andits midde value, starting from nsam,dstep and ifspmw.
2. building iguv vedor
3. building iquade and nmw arrays
DolL.oop ongeometries
4.a filling of itab
4.b test of close-close mws condtion
4.b.1if true then filli ng of cdist array
4c filling of ipurt array
4.d filli ng of icontch array
4e filling of intrp_s array
End Do
5. bulding icontpr array
6. bulding rcpar vedor
7. start of hole hurting : if some hole exists then
7a filli ng of nhdesvedor
7.b filli ng hal€list,ntotholes
8. bulding isaved sequentiall y written vedor which contains all the necessary quantiti es for ficarra
subroutine.

Detail ed description
0. nucli=nucl+1

1.rsiglyrsig2rmwcen are built as:
Do Loopj: 1 - nselmw I number of seleded mws
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rsigl(j) = (ifspmw(j)-1)*dstep

rsig2(j) = rsigl(j) + (nsam(j)-1)*dstep

rmwcen is the midde point between rsigl and rsig2
End Do

2. igw(2,imxmw) is built by finding , for eacx mw, the upper and the lower True value in the
columns of lokku(imxgeo,imxmw) (logicd occupation matrix) between nucli line and the bottom of
the matrix. It rapresents for ead mw the upper and the lower covered geometry.
Do LoopK: 1 — nselmw
Do Loopjgeo: nucli — ilimb
if(lokku(jgeo,K)) idown=jgeo
if(lokku(ilimb + nucli - jgeo,K)) iiup=ili mb + nucli - jgeo

end do

iguv(1,K)=iiup liguv(l, .) = upper element
iguv(2,K)=idown liguv(2, .) = downer element
end do

3. iqude(imxgeo,imxmw) contains the absolute index (i.e. a number from 1 to that of seleded mws)
of True mws for ead geometry. It is built by running, for ead geometry, between nucli line and the
bottom, on a row of lokku matrix and looking for True value.For example if lokku matrix is
something like that in Fig. 5 ,the iquae matrix will be & hownin Fig. 6.

Do Loop jgeo: nucli — ilimb
kont=0
DoLoop j: 1 - nselmw
if(lokku(jgeo,j))then
kort=kont+1
iquale(jgeo,kort)=j
endif
end do
Nmw(jgeo)=kont (Number of True onthe jgeo-th row of |okku)
end do

123456789
FTTTTFFFF
TTTTF FFTT
TTTTFTTTT

WN P

Fig.5 - Exanple of
occupation matrix

123456789

N

123489...
12346789.

w

Fig.6 - exanple of
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iquale matrix

The Nmw(imxgeo) contains, for ead geometry, the number of mws that we have to consider: if the
occupation matrix is that shown in Fig. 5then the first three éements of nmw will be: Nnw( 4 , 6,

4. Building the main arrays of the routine.
All the mws have arange in frequency where their value of the amospheric continuum can be
cosidered as linea. This range has a width equal to rconint(imxgeo,imxmw) on the right and the
left side with resped to the cantre of the mw; this frequency range will be cdled ‘'umbrella. Now,
in order to make eaier the wnstruction d the groupng routine, the better choiceis to represent
the overlap between the mws for ead geometry in a scheme such as that shown in Fig.7.

123456789...
**0000000
***000000
0**000000
0O0O0**00O00O0
000****Q0o0
0000***00
0000****Q
000000**0
0000000O0F

O©Oooo~NO Ul WNPE

Fi g. 7 - Example of an overlap
map for a fixed geometry

The rows and the lumns represents the mws. If on the map thereisa* then the relative mws are
overlapped atherwise they are not overlapped.

Hence this gjuare map shows, for a fixed geometry, hov many mws are eab ather overlapped:
from the figure it can be seen that, for example, the first mw (row 1) covers with its umbrella dso
the seaond mw, while the second mw (2th row) covers the first but also the third mw. Obviously
sincethe range of lineaity of the &mospheric continuum (the width of the umbrellas) is very similar
for close mws, if a mw covers the just next one, it's clea that also this following mw has an
umbrella which covers the previous mw. Therefore this map will be dways symnetric with resped
to the diagonal .

The groupgng routine performs the search of the maximum length horizontal 'stream’ of “** that
starts from ead column of the matrix shown in Fig.7. That will be the maximum number of laying
in alineaity zone mws. Then the grouping is performed between the outer mws of this gream: only
the @ntinuum value of these mws has to be @nsidered as parameter, instead all the other,
correspondng to interna mws, will belinealy interpolated.

This procedure has to be repeded, starting now from the following mw the 2nd edge of the
previous range, urtil the border of the aray is readed.

In this example, the groupng will be (fig.8):

123456789...

1 * e
2._.
3

o0 *
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4 * o0
5 o= o
6 -
7 L I ) * [ ]
8 . * 123456 7829
9 * * = % * == * * %

Fi g. 8 - Map of grouping for the mws at a fixed geometry:
The bold stars indicate the mws which have to
be chosen as parameter, all the other mws will
be linearly interpolated:

mw #2 will be interpolated between the #1 and the #3
mw #5 and #6 between the #4 and the #7

kccgeo=1 :counter of geometries with CC mws
[A] Do loop onthe geometries: jgeo=nucli — ilimb

iITABold1=0 :old value of itab( . ,1)

iITABold2=0 :old value of itab( . ,2)

kcemw=1 :counter of CC mw coditions for acdual geometry

Lexcc=FALSE. :logicd flagthat indicatesif exists CCat least a CC mw
condtionfor adua geometry

rMWcenf=0. :value of the ceanter of the previous mw

[B] Do Loop onthe mws: ind=1,Nmw(jgeo)

4.a.1) Calculation d edge frequencies of the ind-th mw:
imw=iqual e(jgeo,ind)
rSIGmin=rMWcen(imw) — rconint(jgeo,imw) :lower edge of umbrella
rSIGmax=rMWcen(imw) + rconint(jgeo,imw) :upper edge of umbrella

4.a.2) Filli ng of itab(imxmw,2) array.
It containsin its two columns the starting point and the length of ead
stream of ‘**’ in Fig.7. For example, in the cae shown in Fig.7, itab will have the values:

itab
1

OO (N[OOI |W[N
OIN|O|O B[Nk
RIN[ARIW[ARININIWININ
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kont=1 Init. of a wurter
[C] Do Loop onthe mws: ind2=1,Nmw(jgeo) doloop onall the mws
imw2=iquale(jgeo,ind2?)
if rMWcen(imw?2) > rSIGmin and Isthe center of ind2th mws
rMWcen(imw?2) < rSIGmax) under the umbrell a?
then
kort=kont+1
kont2=ind2
endif
[eC] EndDo
itab(ind,)=kont2-kont+2 initial mw
itab(ind,2=kont-1 number of covered mw

4.a.3) Test onthe Close-Close mws condtion
Filli ng of NmwC(imxgeo),CCli st(imxgeo i mxnw)

This modue looks for close-close mws, i.e. for mws the central points of which are far ead ather
lessthen a percent rperc of their umbrella. If some ccmw exists, in nmwcd(imxgeo) the number of
cc pairs for ead geometry will be mntained, while in cdist(imxgeo,imxmw) ead row represents a
geometry whereislocdized a ccpair:

cdist(geo, 1) = geometry whereis at least a ccpair

cdist( geo , 2—- nmwcd(geo)+1) = parent mw for ead of the nmwceg( geo ) ccpair

If (iTAB(ind,)-iTABold1=0) AND condtion onstream
(ITAB(ind,2 =2 AND iTABold2=2) AND condtion onstream
(rMWcen(imw)-rMWcenf)/rconint(jgeo,imw) < rperc) centers very close

then

Lexcc=TRUE. :aCCcoufe «ists.

LvetCC(ind-1)=.TRUE. :the previous mw isthefirst of the two CC mws
Nmwco(K cogeo)=Nmwco(Kcaogeo)+1 :in this geometry the number of CC

increased of 1
Cdlist(Kcogeo,1+ Kcamw)=ind - 1 ‘the index of thisfirst mw is gored
Kcomw=Kcecmw+1 'the oounerisincreased of 1

endif
ITABold1=iTAB(ind,]) :old vaue =new vaue
ITABold2=iTAB(ind,2  :old vaue =new vaue
rMWcenf=rMWcen(imw) :old mw center = new mw center

[eB] EndDo
IF Lexccis TRUE If at least a CC mw exists
then
Cdlist(Kcogeo,1) =jgeo  :geometry which contains the CC mws
Kcogeo=Kcogeo+1 ‘the @urter isincreased of 1
endif

4.a.4) _Filli ng of ipurt(imxmw) internal array.
It indicates how long is the longest strean that leaves
from ead column of the matrix in Fig. 7.1n this case
itis
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iput (3,2,0,4,4,0,2,0)1
ipurt can befill ed in the following way:

kort=1 :initialization d courters
imw=1
Dowhile imw < Nmw(jgeo)
if itab(imw,1) = kont
then
ipurt(kont) = itab(imw,2)
imw=imw+1
else
kort=kont+1
endif
end do

4.a.5) _Filli ng of icontch(imxgeo imxmw),itotmwcont(imxgeo) arrays.
icontch(,) is a fundamental array which contains, in ead row (for ead geometry), the
list of the relative indexes of the mws that have to be chasen as parameter. It is fill ed
acording to a aiterion that groups a number as grea as passble of mws. itotnmweont()
stores, for ead geometry, the number of chosen mws. For ead geometry, the dements
of icontch(,) are the indexes pointed by ipurt( ) vedor acwrding to the following
scheme:
iput (3,2,0,4,4,0,2,0)1

112|134 (5(6 |7 |89
1 |e#O
2 |o|o |0
3 O |e#
4 eH O
5 O |0 |0 |O
6 oo |o
7 O |0 |e#HO
8 0O |e#
9 o

In this table the fill ed circles represent the mws that will be chosen, while dl the drcles indicae the
streams. Starting from 1st mw, the second mws can be dhosen by skipping a number of mws
acording to the 1st element of ipurt minus one , i.e. 2 , and jumping with the index on the 3rd
element of ipunt as next value. The skipped mws will be interpolated. Therefore the mw #2 can be
skipped and its continuum value can be interpolated: infad from the 2ndrow in thistable it’s clea
how the range of lineaity for the continuum of the 2nd mw covers also the 1st and the 3rd mw. So,
in this case, the first two value of icontch will be 1 and 3.Then the processgoes on: the 3rd element
of ipurt is null. Infad from the 3rd column o the table no stream leaves. The @urter is then
increased o 1, the 4th mw is chasen as parameter, and the index jumps forward of (4 — 1) (4 isthe
value of the 4th element of ipurt), 4+(4-1) is chosen as the 4th element of icontch: so the 7th mw
has to be mnsidered. In this jump two continuum parameters have been saved, so the mws #5 and
#6 will be interpolated. Newly the 7th mws is considered as an edge of an interval, which we ae

Date: 07/02/02 Page 170392




Prog. Doc. N.: TN-IROE-RSA9602
Issue: 3

Date: 07/02/02 Page 171392

Development of an Optimised Algorithm for Routine p, T
@ IROE and VMR Retrieval from MIPAS Limb Emisson Spedra

looking for the seacond edge of. The 7th element of ipunt will tell us how many mws we have to skip
in order to foundthe next valid mw (2 — 1), so the next mws isjust the following one. From this no
stream leaves, so the unter isincreased and the succesgve (and last) mw is chosen.

For this geometry the value of icontch(,) will be:

icontch( this geom, 1— itotmwcont(jgeo)) =(1,3,4,7,8,9

where itotmwcont(jgeo) is the total number of mw where the @amospheric continuum has to be
considered: 6.

This algorythm hasto be changed when two CC mws are encourtered.
In this particular case two condtionswill be TRUE at the same time:
1.) the lenght of the stream is 2
2) LvetCC(imw) (cdculated in[4.a.2] ) isTRUE
When bah these aondtions are satisfied, the mws has to be skipped and the munter increased of 1.

kont=1
imw=1
iCONTch(jgeo,D)=1

Do whileimw < Nmw(jgeo)

iwhere =ipurt(imw) :‘where doesipurt pant ?
if iwhere>2
then
if (iwhere=2) AND (LvetCC(imw) isTRUE) :it'saCCmw
then
imw=imw+1 It isn’t anew parameter (CCmw)
kori=kont-1
else siwhere >2
iCONTch(jgeo,kort+1)=imw+iwhere-1 :chosen parameter
imw=imw-+iwhere-1
endif
ese ;if iwhere =0, 1(end d the stream or isolated pant)
iCONTch(jgeo,kort+1)=imw+1
imw=imw+1
endif
kont=kont+1
end do
iTOTmwecont(jgeo)=kont-1 :This ststhe total number of considered mws
ICONTch(jgeo,kort)=0 :Thiskill sunuseful last value...

4.a.6) Filli ng of the vedor of the to be interpalated mws i Ntrp(i mxmw,imxgeo)
The number of continuum values that have to be interpolated is equal to the
diff erence between the indexes of two successve chasen mws:
icontch( . , 1) - icontch( . ,i-1). If the previous mw is the first of a mugde of CC mws,
nointerpolation hasto be performed.

Do Loop: ind=2 — iTOTmwcont(jgeo)
if LvetCC(iCONTch(jgeo,ind-1)) isTRUE :if the previous mw isthe first
then :of a oupe of CCmws
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iNtrp_s(ind-1,jgeo)=0 : — nointerpolation
else ‘Number of the values

:that have to be interpadlated
iNtrp_s(ind-1,jgeo)=iCONTch(jgeo,ind)-iCONTch(jgeo,ind-1)-1
endif
end do

4.a.7) Re-initi ali zations

Do Loopind2 =1 — nselmw
itab(ind2,9)=0
itab(ind2,2=0
ipurt(ind2=0
End Do

[eA] End Do :end d outer loop onthe geometries
5.) Filli ng of icontpr (imxgeo imxmw) array

It contains the progressve enumeration d the chosen mws, from nucli to ilimb and,
for ead geometry, from 1 to itotmwcont(ad. geometry).

kont=1

Do Loop: jgeo = nucli — ilimb

Do Loop: ind=1 — iTOTnmwcont(jgeo)
iCONTpr(jgeo,ind)=kont
kort=kont+1

End Do

End Do

6.) Filli ng of rcpar(imxcop) vedor. Calculation d icontpar
rcpar (imxoop) contains the cntinuum values for the chosen mws. The enumeration
isthat of 5.). The icontpar is the total number of these @ntinuum parameters. The values are got
from the rcbase(imxpro,imxmw) by pointing the corred elements by iquae andicontch array.
icontpar=1
Do Loop: jgeo=nucli — ilimb
Do Loop: ind=1 — itotmwcont(jgeo)
rcpar(icontpar)=rcbase( ibase-1-ilimb+jgeo ,
. iquale(jgeo,icontch(jgeo,ind)) )
icontpar=icontpar+1
End do
End do
icontpar=icontpar-1

(Jjgeo,ind) — indexes on geos and mws
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icontch(jgeo,ind) — relative index of the chosen mws
The relative index runs only on the chosen as parameter mws (for a given geometry), from 1 to
itotmwcont(curr ent geom).

iquae( jgeo , icontch(jgeo,ind) ) — absolute index of the chasen mws
The asolute index indicaes instead the mlumn of lokku array where there is the TRUE.

The meaning of these aray is shown in the following example. Given an occupation matrix and
marked with abold T the mws that have to be dhasen, iqude andicontch will be:

123456789
FTTT TFFFF
TT TTFFF TT
TTT TF TTT T

[

w N

Exanpl e of
occupation matrix

123456789

N

123489...
12346789.

w

exanpl e of
iqual e matrix

123456789

=
=
D

w N
H
N
6]
[e0)

exanpl e of
i CONTch matri x

Infad for the first considered geometry, | chose the 1st and the 4th *True' in the occupation matrix,
in the seamndgeometry | chosethe 1st , the 3rd , the 4th , the 5th and the 6th ‘ True' et cetera
It ispossbleto know what is the &solute index of a dhosen mwsin this way:

iquae( jgeo ,icontch(jgeo,ind) )

1st Example: Geometry 2
3rdchosenmw (ICONTch(2,3)=4)
It isthe 4th “True' in occupation matrix at the geometry 2
iquae( 2 ,iICONTch(2,3)— iqude(2,4)=4
(from 1 to nselmw, the @solute index of the dhasen mw is 4)
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2nd Example: Geometry 3
3rdchosenmw (iICONTch(3,3)=5)
It isthe 5th *True’ in occupation matrix at the geometry 3
iquae( 3 ,iCONTch(3,3)— iqude(3,5=6
(from 1 to nselmw, the @solute index of the dhasen mw is 6)

7.) Holes hurting in occupation matrix

Thismodue looksfor ‘hdes |, i.e. corrupted spedra, in the mlumns of lokku matrix.

A hdeisaninterruption d the continuity in TRUE values in the columns of 1okku.

The seach is made by testing if between iguv(1,imw) and iguv(2,imw) there ae values FALSE of
lokku. If it happens the wurter of the total number of halesisincreased of 1 and the information o
where isthe hdeis gored in hdelist array. In this array there ae how many rows as the number of
mws where holes have been found,in the first column the relative index of the hoed mw is dored
and the Nhales(imxmw) foll owing columns contain the list of the holed geometries. nhd es(imxmw)
isan array which contains the number of holed geometries for ead mw.

irow=1 :

NtotHoles=0 ;initi ali zations
Nholes(1—imxmw)=0 :
Nmwholed=0

LMB=.FALSE.

Do Loop: imw=1 — nselmw
Do Loop: jgeo=iguv(1,imw) — iguv(2,imw)
if .NOT.lokku(jgeo,mw) isTRUE :if the lokku element isfalse

then
NtotHoles=NtotHoles+1 ‘total number of holes = +1
Nholes(irow)=Nhales(irow)+1 :number of halesfor this mw
LMB=TRUE. ‘logicd flag : ‘the mw is holed’
Holelist(irow,1)=imw :‘what isthe hded mw?
Holelist(irow,1+Nholes(irow))=jgeo  :what isthe wrrupted geom?
endif
End Do
if LMBisTRUE :if thisisahoed mw
then
Nmwhoed=Nmwholed+1
LMB=.FALSE.
irow=irow+1
endif
End Do

8.) Filli ng of the vedor isaved(imxsav)) containing all the quantities used in ficarra sub.
In this block al the useful data ae sequentially written onavedor of integers. These quantititi es are
respedively:

0) nucli

1) itotmwcont( ) (from nucli to ili mb)
2) nmw( ) (from nucli to ili mb)

3) icontch(a,b) (afrom nucli to ilimb)
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4)
5)
6)
7)
8)
9)
10)
11)
12)
13)

14)

(b from 1 to itotmwcont(a) )
icontpr(a, b) (afrom nucli to ili mb)

(b from 1 to itotmwcont(a) )
iqude(a, b) (afromnucli toilimb)

(b from 1 to nmw(a) )
intrp_s( a, b-1) (afrom nucli toili mb)

(b from 2 to itotmwcont(a) )

nmwholed
ntotholes
nhdes() (from 1 to nmwhol ed)
haéist(a, b) (afrom 1to nmwhaoed)

(bfrom1tonhdes(@+1)
ngeocc
nmwced( ) (from 1 to ngeocc)
cdist(a, b)) (afrom1to ngeocc)

(b from 1to nmwcg(@+1)
igw(a,b) (afromlto 2

(b from 1 to nselmw)
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2.2.27 FICARRA_PT

FICARRA_PT
|----FINDPAR_P +

Description

This modue generates the new profiles of the amospheric continuum (rcbase), starting from the
vedor of the cntinuum parameters rcpar and from the control array isaved which is returned by
mwcont subroutine. In the modue, the matrix of the derivatives (rjaccon) of al continuum profiles
with resped to the antinuum parameters is also computed.

Variables exchanged with external modules

Name: Description:

nsam nsam(imxmw) = number of sampling pointsin ead mw (coarse grid)
dstep dstep = distance between coarse-wavenumber grid pants[cm-1]
ifspomw | ifspomw(imxmw) = index of the first sampling point of eatch MW
rchase rchase(imxpro,imxmw) continuum on the base-levels for ead MW
rpbase rpbase(imxpro) = presaure of the base-levels

ibase ibase =number of base-levels

nseilmw | nselmw = N. of seleded microwindows

ilimb ilimb = N. of considered swees

rcpar rcpar(imxcop) = vedor of the amnsidered continuun parameters

isaved isaved(imxsav) = vedor containing al the necessary quantiti es for the
continuum interpolation in ficarra subroutine

rjacon | rjacon(imxpro*imxmw,imxcop) = aray of the derivatives of the

atmospheric ~ @ntinuum profil es resped to the @ntinuum parameters

Module structure

1. Filli ng of the control arrays generated in mwcont subroutine by loading their values from isaved
vedor

2. Filling of internal rcon array from rcpar vedor by using the informations gored in the cntrol
arrays. rcon contains the values of the amospheric continuum of the parameters in their corred
pasitions rcon(indexgeom, index mw) for geometry from iguv(1,indexmw) to iguv(2,indexmw).

3. Copying the cntinuum value of the ‘parent’ mws in the ‘son” mws of the dose-close mugdes of
mws (if they exist).
3.1Computation d the derivative with resped to the mntinuun parameters of these dements

4. Interpolations and scding
4.1 Interpdations of the @ntinua in frequency domain (if nealed): this permits to oltain the
continuum values for internal mws of grouped ores.
Computation d the derivatives with resped to the cntinuum parameters.
4.2 Scding of the continuum profilesin the dtitude range outside the dtitude range cvered by
the considered mw.
Computation d the derivatives with resped to the cntinuum parameters.
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4.3 Filling of the gaps (if any) in the dtitude domain of the corrupted spedra with linealy
interpolated valuesin presaure.
Computation d the derivatives with resped to the cntinuum parameters.

5. Copying of rconin rcbase array
6. Body of the function findpa_p

Structure of the matrix containing the derivatives with resped to the mntinuum parameters
(rjaccon).

This matrix has nselmw*ibase rows and a number of colums equal to the number of the continuum
fitted parameters (icontpar). It contains, for ead column, the derivative of the dements of all
continuum ‘base’ profiles for al the mws, with resped to the parameter correspondng to that
column.

Detail ed description:

1. Filli ng of the mntrol arrays by loading values from isaved vedor
The following quantiti es and arrays are sequentialy loaded from isaved vedor:

nucli,itotmwceont( ),nmw( ),icontch( , ),icontpr(, ),iqude(, ),intrp_s(, ),
nmwholed,ntothaes,nhdes( ),hdélist(, ),nmwC ), ngeocc,cdist(, ),iguv(,)

The meaning of al these quantitiesis given in the description d mwcont routine.

Filling of rQT matrix from rpbase matrix . This matrix contains the presaure value & the dtitudes
correspondng to the geometries of observation.

dojgeo=1,limb
rQT(jgeo)=rpbase(ibase-1-ilim b+jgeo)
end do

2. Filli ng of internal rcon array from rcpar vedor

rcoconis now fill ed with oy the continuum values correspondng to the chosen mws (parameters).
All the other continua will be or computed by linea interpalation in frequency range (corntinua
related to grouped mws) or by scding (continua @owve the upper covered dtitude and below the
lower covered altitude) or by linea interpolation in presaure range (continua related to corrupted
spedra).

kont=1

Do loop 1 jgeo=nucli —ilimb
Do loop 2ind_mw=1— itotmwcont(jgeo)
rcon(jgeo,iquae(jgeo,icontch(jgeo,ind_mw)))=rcpar (kont)
kont=kont+ 1
End do 2

End do 1

Where iqude(geo,mws) contains, for ead geometry, the absolute indexes of the True dements in
the rows of lokku matrix (i.e. the index of their column), whil e icontch(geo,mws) contains, for eah
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geometry, the relative index (from 1 to itotmwcont(geo), (total number of chosen mw for acual
geometry)) of the dhosen mws. These two arrays are set up in mwcont modue. Here can be inserted
theinitialization d the aray LCCarr (imxgeo,i mxnmw):

Doloop 1 jgeo=nucli —ilimb
Do loop 2ind=1— nselmw
LCCarr(jgeo,ind)=.FALSE.
end do 2

enddo 1

3. Copying the @ntinuum vaue of the ‘parent’ mws in the ‘son’ mws of the dose-close muges of
mws (if they exist).

Do loop 1jgeo=1— ngeocc do loop ongeom. with at least a pair of cc
mws
k=cdist(jgeo,1) Igeometry with the dose-close mupe of mws
Do loop 2ind_mw=1-— nmwcc(jgeo) ldoloop onthe Close-Close mws
kl=cdist(jgeo,inc+1) llocd pasition d the 1st cc dement

rcon(k,iquae(k,kl+1))=rcon(k,iqude(k,kl)) copy of the cmntinuum value in the son mw

If ageometry with close-close mugde of mws exists (ngeocc = 0), the value of the cntinuum for the
‘son mw is %t equal to that of the ‘parent’ mw. The informations abou the geometry and the
pasition d cc coupes of mws have been stored (by mwcont modue) in cdist(, ) array: for eath
row, the first element cdist(1, .) contains the geometry where there is at least a cc oude of mws,
the following elements, from 2 to nmwcg(geo), contain the relative index of the ‘parent’” mws of
eat cc oupe.

3.1 Computation d the derivative of the ontinuum value of cc mws with resped to the ntinuum
parameters.

Theind_pa index pointsto the wrred column of theicont_pr(, ) array. This has the same structure
of the icontch(, ) matrix and it contains, for ead geometry, the progressve index of the parameter
correspondng to ead chosen mw. ind_pa can be found,within these two nested doloops, for eah
geometry, by running from 1 to the total number of chosen mws for the @nsidered geometry (ind:
from 1 to itotmwcont(geo) ) and by testing if the relative index of the mw (i.e. the value of
icontch(act geo, ind) ) isequal to the index of the ‘ parent’ mw, k1.

doloop 3k2=1,totmwcont(k) !looking for the index in icontpr
if(icontch(k,k2).eq.kl) ind_pa=k2
End do3

Within the two previous nested doloops can be put aso the computation d the derivative of the
continuum values of the two close-close mws with resped to the @ntinuum parameters. In this
particular case the derivative of the *parent’” mw continuum value (which is a parameter) is not zero
(anditisequal to 1) only when computed resped to itself, as well asthe derivative of the ‘son’ mw
continuum valueis 1. resped to ony the ‘parent’ mw parameter and zero el sewhere.

Therefore therjacoon(, ) array can befilled orly in nonzero value sites by setting equal to “1.” only
those two elements:
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rjaccon( (iquae(k,kl1)-1)*ibaset+ (ibase-1-ili mb)+Kk,

& icontpr(k,ind_pa))=1. Ifor the first of ccmw
rjaccon( (iquae(k,kl+1)-1)*ibase+ (ibase-1-ili mb)+Kk,
& icontpr(k,ind_pa))=1. Ifor the son mw
LCCarr (k,k1)=.True.
End do 2
End do 1

4. Interpalations and scding

4.1 Interpdation in frequency domain between two mws of which continuum value has been chosen
as parameter

This interpadation allows to restore the continuum values of mws which have their central point
laying in the covering range of the umbrell as of edge mws of a set of grouped mws.

The @ntinuum value for these internal mws is computed by linea interpdation in frequency
domain between the continuum values of the two chaosen as parameter external mws, acording to
the expresson:

(C.-C)

C=C+
0'2_0'1)

i '(O'i_o'l)

where C; and C, are the cntinuum values for the edge mws, o, and o, their central frequencies and
o; the central frequency of the mw of which the @ntinuun value has to be interpdated. For eah

geometry, by using the araysiqude, icontch and intrp_s, we can corredly point the @solute index
of theto be interpolated mw.

The structure is the following:
Doloop 1jgeo= nucli —ilimb
kont=1 lonal the ‘True’ mwsonarow of lokku
kont2=1 !only onthe dhosen mws
(set of the quantities for the first chasen mw at this geometry)
ig=iquae(jgeo,icontch(jgeo,1)) !absoluteindex of the first chosen mw
vcl=rcon(jgeo,iq) Icontinuum value for this mw
sigl=rmwsig(iq) Icentral point for the chaosen mw

(does meinterpolated value exist between this mw and the next one ?)
if(intrp_s(kont2,jgeo) #0) then

kont2=kont2+ 1

ig=iquae(jgeo,icontch(jgeo,1)) !absolute index of the secondchasen mw
vc2=rcon(jgeo,iq) Icontinuum value for this mw

Icentral paint for the dhasen mw. It can be computed starting from dstep , rsam and if sprmw
sig2=rmwsig(iq)

factor=(vc2-ve2)/(sig2-sigl)
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(cycle onthe interpolated mws)
Doloop 2ind_mw= 1 —intrp_s(kont2-1,geo)
kont=kont+ 1
iIg=iquae(jgeo kont)
rcon(jgeo,ig)=vcl+ (rmwsig(ig)-sigl)* factor
End do 2

kont=kont+ 1
endif

Here can be placal also the ade which cdculates the andliticd derivatives of all the interpolated
values with resped to the two continuum parameters of the edge mws, i.e. the derivative of
rcon(jgeo,iq) with resped to vcl and ve2. In particular the row and the @lumn indexes of rjaccon
have to be arredly pointed. In order to cdculate the derivatives the previous code can be modified
in the foll owing way:

Ngs=ibase-1-ilimb I'The index upper quae of the scan
dojgeo=NUCLI ,ilimb IDoLoop onthe geometries
kont=1 lonall the mws of arow of LOKKU
kont2=1 lon the parameters only
10=iIQUALE(jgeo,iICONTch(jgeo,1)) Bbsolute index
VC1=rCON(jgeo,iq) Continuum of the first mw
sigl=rMWsig(iq) sigma of the first mw

dowhile(kont2.lei TOTmwcont(jgeo)-1)  'Loop onall the chosen as parameter mws
ig=IQUALE(jgeo,iCONTch(jgeo,kort2)) !'Absolute index of the present mw

VC1=rCON(jgeo,iq) lts continuum value
sigl=rMWsig(iq) It§ central sigma
irol=(ig-1)*ibase +Ngs + jgeo 'Row in rJACcon (for computation d the derivative)
icol = iCONTpr(jgeo,kort2) IColumn in rJACcon (for computation d the
derivative)

IHCONTpr contains the progressve index of the
Iparameters related to the dnosen mws (i.e. by thisvalue it
lisposgbleto pant the columnsin rJACcon)

rJACcon(iroljcol)=1. ! This is the derivative of the @ntinuum for a dosen mw or
(eventually) for the first “edge” mw (of a group) with resped to itself. It useful set it to 1.
here)

If(iNtrp_s(kont2 jgeo).ne.O)then lif someinterpolated value eists
kort2=kont2+1
1g=iIQUALE(jgeo,iCONTch(jgeo,kort2)) !absolute index of the 2ndend
VC2=rCON(jgeo,iq)
Sig2=rMWsig(iq)
iro2 = (ig-1)*ibase +Ngs +jgeo !'Row inrJACcon
ico2=1CONTpr(jgeo,kort2) IColumn in rJACcon
rJACcon(iro2,jco2)=1. I Thisisthe der. of the cntinuum for thw 2nd edge
rFT=(VC2-VCl)/(sig2-sigl) lfador
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doind1=1,iNtrp_s(kont2-1,jgeo) !cycleonto beinterpolated values
kort=kont+1
ig=iIQUALE(jgeo,kont) Absolute index of the aurrent interpolated mw
rFT1=(rMWsig(iq)-sigl)/(sig2-sigl)
rCON(jgeo,iq)=VC1+(rMWsig(ig)-sigl)*rFT !Continuum for the arrent interpolated
mw

I Note that for ead interpolated value new row in rJACconis pointed, but the same two columns
iro=(ig-1)*ibase +Ngs+jgeo !'Row inrJACcon
rJACcon(iro,icol)= 1-rFT1 !derivative of interpoated continuum with resped the first

edge
rJACcon(iro,ico2)= rFT1 !derivative of interpoated continuum with resped the second
edge
end do
kont=kont+1
else
endif
if(iNtrp_s(kont2,jgeo).ne.O)then INext mw isinterpolated
else INext mw is not interpolated

KONT2=KONT2+1

I Test on Close-Close @ndition: this further test is necessary to avoid a mugde of CC mwsis
I processed in this interpalation algorythm
IF(LCCarr(jgeo,kort))then ! Close-Close mndtionfound
kort=kont+2 I Skip the two mws
else
kort=kont+1
endif

endif
end do IEnd d Do While

if(kont2.gt.iTOTmwecont(jgeo))then Itest onthe last value
ig=iIQUALE(jgeo,iCONTch(jgeo,i TOTmwcont(jgeo))) !last value of the Jacobian
irol=(ig-1)*ibase +Ngs + jgeo IRow inrJAC
icol=iCONTpr(jgeo,kont2 - 1) IColumninrJAC
rJACcon(iroljcol)=1.

else
ig=IQUALE(jgeo,iCONTch(jgeo,i TOTmwcont(jgeo))) !last value of the Jacobian
irol=(ig-1)*ibase +Ngs + jgeo 'Row inrJAC
icol=iCONTpr(jgeo,kort2) IColumninrJAC
rJACcon(iroljcol)=1.

endif

end do lon geometries jgeo
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4.2 Scding in geometry of the continuum profiles

The oontinuum profiles, above the upper covered geometry (uppermost ‘True' element in lokku
matrix below nucl), i.e. for geometries from 1 to iguv(1,mw)-1, and below the lowest covered
geometry (i.e. for geometries from 1 to iguv(2,mw) ), are scded by a fador equal to the ratio
between the new value of these extreme dements and their old values. The new vaues are that
contained in rcpar vedor (and therefore dso in rcon array), the old ores are that contained in
rcbase. The scded profiles will be computed by using the foll owing expresson:

new
0
Ci newzw* Ci old

where C; ™" is the new value for the ontinuum , C @® the old ore, and Co ™" , C,%¢ are
respedively the new and the old value of the mntinuum at the upper or lower extreme geometry.
This gding is computed, for the microwindon mw, from iguv(1,mw) up to the highest atitude and
from iguv(2,mw) down to ibase.

mw
1
scaled values
Ci
Co iguv(1l,mw)
iguv(2,mw)
scaled values
ibase

The modue that computes the derivatives of the @ntinuum values can be inserted here. It can
happen that if the extreme (upper or lower covered geometry) values of continuum are drealy
interpolated ores in the frequency range, the derivatives of all elements of the scded profiles are nat
zero if computed orly with resped to the two parameters correspondng to the edge mws which
have been used for the interpadation. This stuation is shown in the following figure, where two
columns of scded values (above and below iguv for two dfferent mws) of rcbase are shown as
example.
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In this case the derivative of the S; , for example, and that of all the scded values will be not zero
(and it has to be wmputed ) only with resped to the two parameters X, and X, ,the mntinua
related to the aedlge mws of a set of grouped mws. “i” indicaes the interpolated values of the
continuum; Cy is aso an interpolated value, so a cmmpasite derivative has to be cdculate. Infad S;
is cded onthe value of Cy , but Cp isalinealy interpoated value between X, and X, . Therefore
the expresgon for the derivative of the continuum S; in reference to al the other continua is
different from zero oy when is computed with resped to X, and X, and it reals:

A dS, dS; dCy™  c(s)™ ,_S0=0a
M) “ax, T dC™® dx, - coe (-5 Tg)

g SL_ 0S| dC™_C(S)™ oy-op
B X, TdC™ dX, - G (o— o,

Where C(S)™ is the updated value of the continuum (by scding) at the quate 1, Co"" is the new
value of the continuum at the upper covered altitude (iguv(1,mw)), oo isthe central frequency of the
microwindow “mw” , 61 and o, the central frequencies of the edge mws. Therefore the derivativeis
aproduct of two simple derivatives. Please note that the same agument can be eaily applied to the
computation d the derivative of scaded continua below the lowest covered geometry, i.e. below
iguw(2,mw). Naturaly, if neither upper nor lower extreme ae drealy interpolated in frequency, the
expresson for the derivative will be given by the first of the two termsin Eqg. (A).

The following code performs the scding in geometry and the computation o the derivatives:

doind_mw=1,nselmw lloop onall the seleded mws
if(iguv(1,ind_mw).ne.O)then lif thismw is used at some dtitudethen goin
Column Up
Nga=iguv(l,ind_mw) lindex of the aurrent upper geometry

rKO=rCON(Nga,ind_mw) Malue of the continuum at this upper geometry
if (rcbase(Ngs+Nga,ind_ mw).ne.0) then  !'Only if the mntinuum is not zero
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rMF=rCON(Nga,ind_mw)/rchase(Ngs+Nga,ind_mw) !SCALING FACTOR (new/old)

else Icontinuum equal to zero iniguv(1,ind_mw)
rmf = 0. Iput the scding fador equal to zero
endif

rchase_old=rcbase(Ngs+Nga,ind_mw)
rcbase_old1=rchase(Ngs+iguv(2,ind_mw),ind_mw) !thisis used after

dojgeot=1,Ngs+Nga Irescding of the continua @ove the upper quae
rchase(jgeot,ind_mw)=rcbase(jgeot,ind_mw)*rMF
end do

Derivatives UP

Derivatives of the amntinua &owve the upper geometry

Cdlling of the function findpa_p that returns (if they exist) the alge mws of grouped mws (here
iextinfd, iextsupd), alogicd value (here Lbif _do) which is true if a cmposite derivative has to be
computed and icod1 and icod2which are the wlumns of the rJACcon matrix (i.e. the indexes of the
continuum parameters related to the edge mws)

cdl findpar_p(Nga,ind_mw,iQUALE, TOTmwcont(Nga),iNtrp_s,
& ICONTch,iCONTpr,icodljcod2] bif dojextinfd,iextsupd)

if(Lbif_dothen !if the “column” abowve the upper geometry lays on an interpolated value

rRT=(rMWsig(ind_mw)-rMWsig(iQUALE(Nga,iCONTch(Nga,iextinfd))))/
& (rMWsig(iQUALE(Nga,iCONTch(Nga,iextsupd))-
& rMWsig(iQUALE(Nga,iCONTch(Nga,iextinfd))))

I Computation d rRS= C; "/ Co "
doind2=1 ,Ngs+Nga
if (RCON(nga,ind_mw).ne.0.) then !Only if Co "™ isnoat zero
rRS=rcbase(ind2jnd_mw)/RCON(hga,ind_mw)
else
rRs=0.D0
endif
iro=(ind_mw-1)*ibase +ind2 IRow in the rJACcon matrix for this continuum value

rJACcon(iro,icod])=rRS* (1-rRT) !compasite derivative with resped to the first edge
rJACcon(iro,icod2=rRS* rRT lcompasite derivative with resped to the second edge

end do
else 1Cyisnat an arealy interpolated value

doind2=1 ,Ngs+Nga
if (rcon(Nga,ind_mw).ne.0.) then
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rRS=rcbase(ind2jnd_mw)/rcon(Nga,ind_mw)

else

rRS=0.D0

endif

iro=(ind_mw-1)*ibase +ind2 !'Row in the rJACcon matrix of this continuum value
rJACcon(iro,icodl) = rRS ISimple derivative
end do
endif

Column Down
Ngd=iguv(2,ind_mw) index of the aurrent upper geometry
rcbase(Ngs+Ngd,ind_mw)=rcbase old1

rKO=rCON(Ngd,ind_mw) value of the continuum at this lower geometry
if (rcbase(Ngs+Ngd,ind_mw).ne.0.) then 10nly if Co "™ isnot zero
rMF=rCON(Ngd,ind_mw)/rcbase(Ngs+Ngd,ind_mw) !SCALING FACTOR
else
rMF =0.D0
endif

rcbase_old=rcbase(Ngs+Ngd,ind_mw)
dojgeot=Ngs+Ngd,ibase !rescding of the cntinua below the lower quae

rchase(jgeot,ind_mw)=rcbase(jgeot,ind_mw)*rMF
end do

Derivatives Down

Derivatives of the antinua below the lower geometry.
Cdlling of the function findpa_p that returns (if they exist) the adlge mws of grouped mws (here
iextinfu, iextsupu), alogicd value (here Lbif _up) which is true if a composite derivative has to be
computed and icoul and icou2which are the wlumns of the rJACcon matrix (i.e. the indexes of the
continuum parameters related to the alge mws).

cdl findpar_p(Ngd,ind_mw,iQUALE,i TOTmwcont(Ngd),iNtrp_s,

& ICONTch,iCONTpr,icouljcou2l bif upjextinfu,iextsupu)

if(Lbif_upthen !The Cyvalueisan arealy interpolated value

rRT=(rMWsig(ind_mw)-rMWsig(iQUALE(Ngd,iCONTch(Ngd,iextinfu))))/
& (rMWsig(iQUALE(Ngd,iCONTch(Ngd,iextsupu)))-
& rMWsig(iQUALE(Ngd,iCONTch(Ngd,iextinfu))))
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I Computation d rRS=C; "/ Cy "
doind2=Ngs+Ngd,ibase
if (RCON(Ngd,ind_mw).ne.0.) then

rRS=rcbase(ind2jnd_mw)/RCON(Ngd,ind_mw) !rchase old
else

rRS=0.D0
endif
iro=(ind_mw-1)*ibase +ind2 IRow in the rJACcon matrix of this continuum value

rJACcon(iro,icoul)=rRS* (1-rRT) !composite derivative with resped to the first edge

rJACcon(iro,icou2=rRS* rRT  !composite derivative with resped to the seaondedge

end do
else I1Cyisnat an arealy interpolated value

doind2=Ngs+Ngd,ibase
if (rcon(Ngd,ind_mw).ne.0.) then
rRS=rcbase(ind2jnd_mw)/rcon(Ngd,ind_mw)
else
rrs=0.D0
endif
iro=(ind_mw-1)*ibase +ind2 !Row inthe rJACcon matrix of this continuum value

rJACcon(iro,icoul) = rRS !Derivative
end do

endif !Alrealy interpolated or not
endif l!oniguv(l,)=0

end do !'ondl sdeded mws

4 .3 Filli ng of the oorrupted spedra (if any) with linea interpoated valuesin pressure domain.

This part of the mde fill s the ‘hales’ in the continuum profiles (corrupted spedra), if they exist.
mwcont subroutine looks for the hales, i.e. it looks for ‘False’ vaues which bre& the continuity of
the ‘True’' in the olumns of lokku between iguv(1, mw) and iguv(2, mw). If some hde eists,
mwcont generates useful arrays which make possble to knov how many holes have been foundand

where ( NmwHoled, NtotHoles( ), Nhales( ), HoleList(, ) ). ficarrafill s these holes by usi

interpolation in presaure range between the two neaest ‘True' elements in lokku, just above and

below the halg(s).

ng linea
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Lokku Matrix

Ny 1
; T iguv(1,mw)
3 T
4 X T IX (particular case as example: see text)
5 F Hole 1
6 F Hole 2

Hole3

7 F
8 T .
9 T iguv(2,mw)
10 ilimb

In this figure a olumn of lokku is siown where there ae threeholes at geometry 5, 6and 7 .The
continuum values, between which the linea interpaation in presaure range has to be performed, are
those mrrespondng to geometry 4 and 8.

The value for the continuum in the rrupted spedrum can be simply computed as.

e GG
C=Cor iy (b - p.)

Where C; isthe mntinuum related to the holed mws, C, and C; arethe continuarelated to the
edge geometry between which the continuum has to be linealy interpdated (in this case Geom.4
and Geom.8), while “p;” and “p,” are the @rrespondng presaures to the quaes of the elge
geometries (4 and §).

As a particular case, the two edge continuum values (in this case 4 and 8 can be drealy
linealy interpdated in frequency domain themselves. Therefore the wndtions of composite
derivative can occur. There ae 4 cases: 1) No doube derivative, 2) doulde derivative only for upper
edge, 3) doule derivative only for lower edge, 4) doulle derivative for both upper and lower edge.
As a onsequence the ontinuum parameters with resped to which we have to compute the
derivatives will be the edges of the range of linea interpdation in frequency. In the figure shown
abowve the particular case is the 2) : when the derivative of the continuum in the haes is computed
it will be not zero only in reference to the parameters X, and Xp, (the interpolated continuum values
in frequency range are not parameters) as we have dready seen in the cae of the mmpaosite
derivative for the scded continua ébove and below the upper and lower geometry (see4.2).

The expresson for the derivative with resped to the upper and lower edge (geometries 4 and 8in
the previous example) will be:
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1) In the cae the two edge ae not previously interpolated

, the only nat zero elements of the

derivative of the mntinuain referenceto al the parameters are:

dc.

dC p2— p1
dG _  pi— pl)
dC,  ‘p,—pr

2) In the cae only the upper edge is previously interpoated in frequency (as srown in the figure
abowe) , the only nat zero expressons for the derivative will be:

dC _ dC, dC; Ga
dXa  dC, dX, == p2_p1)( - Gb—Ga)
dC, dC dC; —P1, ,Ci —OCa
de dCl de B ( p2— pl) (Gb— Ga)
dCi _Pi= pl)

dCZ p2— pl

3) In the cae only the lower edge is previoudly interpolated in frequency, the only nat zero
expressons for the derivative will be (coherently with that shown above):

dCi — (pl pl)

dC]_ p2— pl

dC dC dC, P1 Oj — Wy
dY.  dC; dY, _(pz— pl) (- OJb—O)a)
dC dC, dGC, —P1, ,Ci— W,
dYb dCz dYb B ( P2— pl) (O)b— (Da)

4) In the cae both the upper edge and the lower edge ae previously interpolated in frequency, the
only not zero expressons for the derivative will be:

dCi _ dC, dCl E E (0PN
= a6 = pop) O oo
dCi _ dC dC, _ Pi—P1, ,0i —Oa
de - dCl de B ( B P2— pl) (Gb— Ga)
dG dC dC, p—-p: Ma
dY,~ dC, dY, _(pz— pl) (1- (Db—(Da)
dC dC dC2 —P1, ,0i — Wy

dYb ng dYb B ( P2— pl) ((Db— (Da)

Where X, Xp and Y, Yy, are the continuum parameters related to the edge mws (for the interpolation
in frequency) respedively for the upper and the lower geometry . 6, op @a ®p are the centres of
these edge mws, while o; isthe centre of the aurrent mw , C; and p are respedively the continuum
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and the presaure of the arrent holed geometry. p; and p, are the presaure values correspondng to
the alge geometries (4 and 8in the example)

The foll owing code performs the cmmputation d the linealy interpolated valuesin pressure domain
and d the derivatives with resped to al the parameters.

if(NtotHoles.gt.O)then lf some hde eistsin any mw
Doind_mw=1,NmwHoled IDolL.oop onthe holed mw
imwh=HoleList(ind_mw,1) What isthe index of the holed mw?
ind_hd=1

Do while(ind_hd.leNhdes(ind_mw)) DoLoop onthe haes of the arrent mw
rk1=rCON(HoleList(ind_mw,1+ind_hd)-1,jmwh) !Continuum value of the first edge
geometry
igeol =HoleList(ind_mw,1+ind_hd)-1 lindex of the first edge geometry

I Cdlli ng of the function findpa_p for igeo1 (the first edge geometry)

The function returns (if they exist) the edge mws of grouped mws (here iextinfu , iextsupu), a
logicd vaue (here Lbif _up) which is true if a compasite derivative has to be mmputed and icoul
and icou2 which are the @mlumns of the rJACcon matrix (i.e. the indexes of the cntinuum
parameters related to the edge mws).

cdl findpar_p(igeolimwh,iQUALE, TOTmwcont(igeol),iNtrp_s,
& ICONTch,iCONTpr,icouljcou2L bif upjextinfu,iextsupu)

K=0
10 IF(HoleList(ind_mw,1+ind_hd+(K+1)) Icourting of nea holes
& - HoleList(ind_mw,1+ind_hd+K). EQ .1)then
K=K+1
GOTO 10
else
END IF
rk2=rCON(HoleList(ind_mw,1+ind_hd+K)+1,imwh) !Continuun value of the second edge
geometry

igeo2 =HoleList(ind_mw,1+ind_hd+K)+1 !index of the first edge geometry

I Cdlli ng of the function findpa _p for igeo2 (the seaond edge geometry)

The function returns (if they exist) the edge mws of grouped mws (here iextinfd , iextsupd), a
logicd vaue (here Lbif _do) which is true if a compasite derivative has to be cmomputed and icodl
and icod2 which are the @mlumns of the rJACcon matrix (i.e. the indexes of the cntinuum
parameters related to the edge mws).

cdl findpar_p(igeo2imwh,iQUALE, TOTmwcont(igeo2),iNtrp_s,
& ICONTch,iCONTpr,icodljcod2 Bif dojextinfd,iextsupd)

IComputing of the derivatives ( rJACcon elements)
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riIC1l=rkl ! Now that thelinea interpoationin presaure substituted
rIC2=rk2 !the ep.interpoationin altitude range, it is no more necessary
I to passin the semilogarithmic space(seeold versions)
. C-G
I Computation d FAT =
P2-P1

rdif _1=1.DO/(rQT(igeo2)-rQT(igeol))
FAT=(rlC2-rIC1)*rdif_1

Doimd=1K+1 Icycle onthe holes
igeo3=HoleList(ind_mw,1+ind_hd+(imd-1))  !geometry of the aurrent hole

\Calculation d rRs = (2P

P2—P1

rRS=(rQT(igeo3)-rQT(igeol))*rdif_1

I Setting of the value of the @ntinuum correspondng at the aurrent hole

Icdculation

d C :Cl+ﬁ'(pi _pl)

2~ P

rCON(HoleList(ind_mw,1+ind_hd+(imd-1)),imwh)=
& (rQT(igeod)-rQT(igeol))* FAT+rIC1

iro=(imwh-1)*

ibase+HNgs+Holdist(ind_mw,1+ind_hd+(imd-1)) ! rowinrJACcon

IThis is the test to verify if one (or both) of the edge geometries is alrealy interpolated in the
frequency range. The test uses the value of the logicd variables Lbif _upand Lbif_da

CASE 1. Neither C; nor C, arealy interpolated in frequency

if(((NOT.LBIif_up.and(.NOT.LBIif_do)) then 'No previoudly interpoated ar Close-Close

rJACcon(iro,icoul) = (1-rRS)
rJACcon(iro,icodl) = rRS

CASE 3

. C, Already interpdate in frequency

dlseif((.NOT.LBif_up) .and.LBif_do) then

IComputation d rRT =

G| ma
Wp — Mg

Isimpl e derivative with resped to the upper edge
Isimple derivative with resped to the lower edge
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rRT=(rMWsig(imwh)-rMWsig(iQUALE(igeo2jCONTch(igeo2,extinfd))))/
& (rMWsig(iQUALE(igeo2CONTch(igeo2 jextsupd))-
& rMWsig(iQUALE(igeo2,jCONTch(igeo2extinfd))))

rJACcon(iro,icoul) = (1-rRS)
rJACcon(iro,icod])= rRS* (1-rRT)
rJACcon(iro,icod2=rRS* rRT

CASE 2. C; Alreay interpadate in frequency

dlseif( LBif_up and.(NOT.LBif_do)) then

G| Ga
Op— Oa

IComputation d rRT =

rRT=(rMWsig(imwh)-rMWsig(iQUALE(igeol,CONTch(igeol,extinfu))))/
& (rMWsig(iQUALE(igeo1iCONTch(igeol,jextsupu)))-
& rMWsig(iQUALE(igeoliCONTch(igeol,extinfu))))

rJACcon(iro,icoul)= (1-rRS) * (1-rRT)
rJACcon(iro,icou?= (1-rRS)* rRT
rJACcon(iro,icod1)=rRS

CASE 4. Both C; and C; arealy interpolated in frequency

else( LBif_up and.Lbif _do) then

Gi — Oa
Op— Oa

IComputation d rRT =

rRT=(rMWsig(imwh)-rMWsig(iQUALE(igeol,CONTch(igeol,extinfu))))/

& (rMWsig(iQUALE(igeo1iCONTch(igeol,jextsupu)))-
& rMWsig(iQUALE(igeoljCONTch(igeol,extinfu))))
. Gi — Wa
IComputation d rRTd =
O)b_ wa

rRTd=(rMWsig(imwh)-rMWsig(iQUALE(igeo2jCONTch(igeo2jextinfd))))/
& (rMWsig(iQUALE(igeo2jCONTch(igeo2 extsupd))-
& rMWsig(iQUALE(igeo2,iCONTch(igeo2 extinfd))))

rJACcon(iro,icoul)= (1-rRS) * (1-rRT)
rJACcon(iro,icou?= (1-rRS)* rRT
rJACcon(iro,icod1)= rRS* (1-rRTd)
rJACcon(iro,icod2= rRS* rRTd

endif
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end do lonagroup d nea Holes

ind_hd=ind_hd+1+K

end do lonthe holesin mw
end do lonthe hoed mws
endif if onthe existenceof an hde

5. Copying of rconin rchase array

At the end d the interpolations, we need to copy al the continuum values of rcon into rcbhase for
eat mw, from iguv(1,mw) to iguv(2,mw). This ensures that at the end d ficarra routine the rchase
array contains the updated continuum profil es. The following code does this work:

doind_mw=1,nselmw
if(iguv(1,ind_mw).ne.O)then
dojgeo=iguv(1,nd_mw),iguv(2,ind_mw)
rchase(ibase-1-ilim b+jgeo,ind_mw)=rCON(jgeo,ind_mw)
end do
endif
end do

6. Thefunctionfindpa p

The function findpa_p reads the aurrent geometry kgeo, the aurrent microwindowv mw and, from
the variables and array iqude, iTOTnwco,iNtrp_s,iCONTch,iCONTpr finds out if the airrent
continuum (kgeo,mw) is a parameter or not and, if it isato be interpaated value, it returns the locd
index of the edge (in frequency range) mws (iexXinf , iexsup ) and the index of the cntinuum
parameters correspondng to these edge mws (icol ,ico2). A logicd vaue Lbif (set to TRUE if the

continuum hasto be interpolated in the frequancy range) is also returned. The code of the subroutine
follows:

subroutine findpar_p(kgeo,imw,
& IQUALE, TOTmwco,iNtrp_s, iCONTch,iCONTpr,
& icoljco2 Lbif iextinf,iextsup)

LBif=.False.
iSloc=0

IDoLoop onall the mws chosen as parameter for this geometry
Dojj=1,, TOTmwco
ladmw=iQUALE(KGEO,(iCONTch(KGEQ,jj))) !absolute index of current mw

ITrueif the aurrent mw imw is one of that chosen as parameter

Date: 07/02/02 Page 192392
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if(ladmw.eq.imw)then
iSlocTjj
endif

IThistest looks for the last mw before the arrent mw
if(ladmw.lt.imw)then

iextinf=j]
endif

IThistest looks for the first mw immediatly after the airrent mw

if(iIQUALE(KGEO,(iCONTch(KGEO, TOTmwco-jj+1))).gt.imw)then
iextsup=i TOTmwco-jj +1

endif

end do

lif one of the chosen as parameter mws (at this geomtery) was foundwith its absolute index equal to
that of the aurrent mw, then the continuum related to the arrent mw is a parameter for this
geometry.

if(iSloc.ne.Q)then
icol=iCONTpr(KGEOQO,iSloc)
ico2=0

else

lelse the ontinuum related to the awrrent mw is not a parameter for this geometry. So the
continuum value has to be interpolated between the nearest parameters immediatly before and after
that related to the aurrent mw (at this geometry). There is ancther posshility: the arrent mw is a
Close-Close mw: it is nat a parameter (only its parent mw isit), bu it hasn't to be interpolated. So
we have to ched that the value iNtrp_s( iextinf ,KGEQ) = 0 ; this ensures the mw is ared to be
interpolated mw.

If(iNtrp_s( iextinf , KGEQO).eq.0)then

LBif=.False. ILogicd flag
1c01=iCONT pr(KGEOQ,iextinf) lindex of the parameter related to this mw
i1co2=0
else
LBif=.True. ILogicd flag
1co1=iCONTpr(KGEOQO,iextinf)  lindex of the parameter related to the lower edge in
frequency
iIco2=iCONTpr(KGEO,iextsup) lindex of the parameter related to the upper edge in
frequency
endif
endif
return

end
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2.2.28 JACLOSCALC

Description
This modue cdculates the jambian matrix which conreds LOS engineeing data with the
unknowns of the retrieval. This matrix corresponds to matrix K, defined in Sed. 4.2.6 ¢ ADG6.

Variables exchanged with external modules

Name Description

rxpar rxpar(imxtop) = vedor of the unknovn parameters

ilimb n. o considered sweeps

i par n. o pointsfitted inthe T profile

itop total n. o fitted parameters

rztang rztang(imxgeo) = tangent altit udes of the considered swees (km)
rlat latitude (deg.)

rjados rjados(imxlmb,imxtop) = jacbian matrix of LOS data

Detail ed description

o Pleae refer to Sed. 4.2.6.1 6 the Algorithms document (AD6) in order to understand the
cdculation d this jacobian matrix.

* |nitidli sation:
doj=1,imxtop
doi=1,imxlmb
rjados(i,j) = 0.0d0
end do
end do

doi=1,limb-1 I Begin theloop onthe rows of the jacobian

* setup o some quantities:
rzav = (rztang(i)+rztang(i+1))/2. I mean dtitude of the layer
rgamma =2.*gravity(rzav,rlat)*rmovr ! quantity 2*'gamma in AD6
rl = (rxpar(ilimb+i+1)+rxpar(ilim b+i))/rgamma
r2 = log(rxpar(i)/rxpar(i+1))/rgamma

* derivatives with resped to presaure:
rjados(i,i) =rl/ rxpar(i)
rjados(i,i+1) = - r1/ rxpar(i+1)

* derivatives with resped to temperature:
rjados(i,ilimb+i) =r2
rjados(i,ilimb+i+1) = r2

end do I endloop onthe rows of the jacobian
end
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2.2.29 VC_HEIGHTCORR

Description

Starting from the vedor of the retrieved parameters and the related VCM, this modue determines
the vedor of the arredions to the engineaing tangent heights and the related VCM. The derived
guantities are not used in the program but are only to bereported in Level 2 prodicts.

Variables exchanged with external modules

Name Description

rxpar rxpar(imxtop) = vedor of the unknovn parameters

ilimb n. o considered sweeps

i par n. o pontsfitted inthe T profile

rainv rainv(imxtop,jmxtop) = VCM of the retrieved parameters

rztang rztang(imxgeo) = tangent altit udes of the considered swees (km)
rztanginit | rztanginit(imxgeo) = initial (=engineeing) tangent atitudes of the
considered sweeps (km)

rhcorr rhcorr(imximb) = vedor of the rredions to be gplied to to
engineeaing tangent atitudes ( ilimb-1 elements)

rvcheorr | rvchcorr(imximb,imxlmb) = VCM of rhcorr

Detail ed description

o Please refer to Sed. 4.2.7 & AD6 in ader to understand the theory which is behind this
procedure.

* Building of the jacobian matrix (rkd) which conreds the height corredions with the unknawvns of
p,T retrieval:
*

doi=1,limb-1 ! Beginloop onthe height corredions
do k1,jlimb ! Beginloop ontangent presaures (first set of parameters)

r4=0.

dg=i+1,limb I Begin loopfor summation
rl = (rxpar(ilim b+j)+rxpar(ilim b+j-1))/(2.*rmovr)
r2=0.
r3=0.

if (j.eq.k) r2=1./rxpar(j)
if (j-1.9.K) r3=1/rxpar(j-1)
rd=r4+r1*(r2-r3)

end do I Endloopfor summation
rkd(i,k) =r4

end do I Endloop ontangent presaures

do k1,ipar IBegin loop ontangent temperatures (second set of parameters)
r4=0.

dg=i+1,limb ! Beginloopfor summation
ri=log(rxpar(j)/rxpar(j-1))/(2.*rmovr)
r2=0.
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r3=0.
if (j.eq.K) r2=1.

if j-1.eg.k) r3=1.
rd=r4+rl* (r2+r3)

end do I Endloopfor summation
rkd(i,k+ilimb) =r4
end do I Endloop ontangent temperatures
end do I Endloop onthe height corredions

*

* End d cdculation d the jacobian matrix of the height corredions

¢ Now the VC matrix of the height corredions (rvchcorr) is obtained by transforming the VCM
related to p;T retrieved data (rainv) acordingly to rvchcorr = rkd * rainv * (rkd).
A - Multiplicaion rkd * rainv, the result is gored in the scratch matrix rscr(imxlmb,2*imximb).
Only the cmmporents of rainv related to pand T parameters must be onsidered.
doi=1,limb-1
doj=1,lim b+ipar
r1=0.
do k1,ilimb+ipar
rl=rl+rkd(i,k)*rainv(k,j)
end do
rscr(i,j) =rl
end do
end do
* B - Multiplication rvchcorr = rscr * (rkd)”
doi=1,limb-1
doj=1,limb-1
r1=0.
do k1,ilimb+ipar
rl=rl+ rscr(i,k)*rkd(j,k)
end do
rvcheorr(i,j) =rl
end do
end do
* End d cdculation d the VC matrix of the height corredions

* Calculation d the height corredions (in km):
doi=1,limb-1
rhcorr(i)=rztang(i)-rztanginit(i)
end do

end

2.2.30 READ_IRRGRID_PT

Description
Thismodue, which iscdled by theretr_pt modue only if lirrgrid istrue, isused for:
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o realing the files containing the irregular grids in the hexadeamal representation,

e rebuilding the grid in the binary representation,

e cdculating some variables used in routine spedrum_ for the dired interpaation/ convdution o
the spedra.

Variables exchanged with external modules

Name Description
lirrgridm | logicd: lirrgridmw(imxmw): logicd vedor that, for ead seleded

w microwindow in the adual retrieval, indicates whether the irregular grid
isavail able.
smw charader*6: smw(imxmw): vedor containing the identifier label of the

seleded microwindows

nselmw | integer*4: total number of seleded microwindows

dsigma |red*8: dsigmalimxsig, imxmw): wavenumber fine grid for ead
microwindow [cm™]

isigma integer*4: isigma(imxmw): number of general wavenumber fine grid
pointsin ead microwindow

delta red*8: distance between fine-wavenumber grid pdnts [cm™]

nrd integer*4: ratio between the frequency steps of the warse and the fine
grid

igeo integer*4: total number of simulated limb views

iigrid integer*4: iigrid(imxsig,imxgeo,i mxmw):

irregular grid inthe ‘0" and ‘1’ representation for all the fine grid pants
of the extended microwindow imw.

cint charader*3: cint(imxmw): it indicaes, for eatc microwindow, what
kind d interpalation hes to be performed between the spedra points of
the irregular grid.

igridc integer*4: igridc(imxsi2,imxmw): matrix that, to ead microwindow and
eat pant of the cmmpressed grid, associates the arrespondng value on
the regular fine grid.

nusedl | integer*4: nused1(imxmw): total number of points of the compressed

grid for ead microwindowv

rsan red*8: rsan(imxi,imxsi2,4jmxmw): variable used for making the direa

interpolation/convdution d the spedra.

rsan(jsam,i,n,imw)=

j=min(igridc(i+1,imw)-1,nil s-1+(jsam-1)* nrd)- (jsam-1)* nrd,k=min(igridc(i+1)-1-igridc(i),(( jsam-1)-nrd+nil s—igridc(i))
D rilg(nils— j+1)-k™*

j=max(((jsam-1)*nrd+1),igridc(i,imw))-(jsam-1)* nrd ,k=max(0,—igridc(i,imw)+(( jsam-1)-nrd+1)
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integer*4: ilim(2,imxi,imxmw): variable used for making the direa
interpolation/convdution:

ilim(1,jsam,imw): first point of the compressed grid to be cnsidered for
the computation o the low resolution spedral point a jsam for
microwindow imw;

ilim(2,jsam,imw): total number of points of the mmpressed grid to be
considered for the computation d the low resolution spedra point at
jsam for microwindow imw.logicd: lirrgridmw(imxmw): logicd vedor
that, for ead seleded microwindow in the adual retrieval, indicaes
whether the irregular grid is avail able.

rils red*8: rils(imxilsimxmw: instrument-line-shape function in the
frequency fine-grid

nils integer*4: number of elements of rils

nsam integer*4: nsam(imxmw): number of sampling ponts in eadqy MW

(general coarse grid)

Module structure

1. Realing of the location d the diredory containing irregular grids
Begin loop 1 ver microwindows: imw=1— nselmw
2. Initialisation d some variables
Begin condtion 1 for the cnsidered microwindow anirregular grid is available
3. Realing of the file cmntaining the irregular grid for the cnsidered microwindow,
chedks on the real quentities and conversion d the irregular grid from hexadeamal
to binary representation .
4. Definition o the aray iigrid, containing the irregular grid in the binary
representation and computation d vedor igridc, which associates to ead ‘1’ value of
theirregular grid the crrespondng position onthe regular fine grid.
Birroring of rilsandinitialisation d rsan
Begin loop 2 wer the points of the local coarse grid
Begin loop 3 wer the points of the compressed grid
6. Setting of some variables for the cmmputation d rsan
Computation d rsan(imxi,imxsi2,4jmxmw) and ilim (2,imxi,imxmw)
Endloop 3
Endloop 2
Endcondtion 1
Endloop 1

Detail ed description

1. Thelocation d the diredory containing irregular gridsisread from the environment variable
ORM_IRRGRID.

call getenv ("ORM_IRRGRID",siod)

iod = indexsiod," ")-1 ! computesthe length of siod

if (iodl.gt.80) then
write(*,*)' --- FATAL ERFORin main am ---'
write(*,* )'Path of the I/O diredoriestoolong!
stop




IROE Development of an Optimised Algorithm for Routine p, T :Drog'_ 200' N.: TN-IROE-RSA9602
@ and VMR Retrieval from MIPAS Limb Emisson Spedra SSue
Date: 07/02/02 Page 199392
end if

if (slod(iod:iod).ne.'/") then
write(*,*)' --- FATAL ERRORin main arm ---'
write(*,* ) The ewironment variable ORM_IRRGRID'
write(*,* )'must end by /"
stop

endif

Loop 1 over microwindows:
imw=1-— nselmw

2. Initialisation d some variables

The araysiigrid (imxsig,imxmw) and igridc(imxsi2,imxmw) areinitialised to 0.

doi=1,imxsig
iigrid(i,imw)=0

end do
dok=1,imxsi2

igridc(k,imw)=0
end do

Thetwo kinds of interpolation foreseen by the program are mntained in the dharader vedor cinterp.
data anterp/'lin','cub/

Condtion 1

If lirrgridmw(imw) istrue, then operations 3, 4, 5, 6and 7are performed, aherwise the subsequent
microwindow is considered.

3.Realing of the file mntaining the irreqular grid for the cnsidered microwindow, cheds on the

read
quantiti es and conversion from hexadedmal to bhinary representation o theirreqular grid.

The @&cii file ntaining the irregular grid for the microwindonv — smw(imw)

Cirrgrid_ /lsmw(imw)//" .dat’) is opened and read:

For the description d the format of thisfile, please refer to [RD3].
o@n(99file=sidir(L:iod)//'irrgrid_'//smw(imw)//'.dat’, status="old")

A blanck lineislocated at the beginning of thisfile.
read(99,*)cspare

An arbitrary number of comment lines, starting with ‘", can be foundat the beginning of thisfile:
100 rea (99,*) commnt
if (commnt .eq.'!") goto 100
ladkspace(99)
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Realing of the label indicaing the kind d interpalationto be performed:
read(99,*) cint(imw)

Ched on this label: if this label is different of the ones foreseen by the program (contained in
variable cinterp(2)), a warning message is written, the logicd variable lirrgridmw(imw) is st to
false and the program skips to consider the next microwindow.

if((cint(imw).ne. cinterp(1)) .and.
&  (cint(imw).ne. cinterp(2)) ) then
write(*,*) 'An interpolation dfferent of the ones
write(*,*) 'that had been foreseen'
write(*,*) 'hasto be performed'
write(*,* ) 'between the points of theirregular grid.'
write(*,*) 'Thiskind d interpdation has nat been’
write(*,* ) "anticipated: please improve the program.’
li rrgridmw(imw)=.false.
goto [end loop ower microwindows]
endif

Reading of the total number of fine grid padnts ntot, the number of points used in the irregular grid
nused, the frequency of the first paint rwn0, the frequency step rdeltasigma.

read(99,*) ntot, nused, rwnO, rdeltasigma

Ched whether the frequency step rdeltasigma is consistent with the frequency step used in the
retrieval program delta; if the two values are not consistent, the logicd variable lirrgridmw(inw) is
set to false and the program skips to consider next microwindow.
if(abs(rdeltasigma-delta).gt.1.d-8) then
li rrgridmw(imw)=.false.
close(99)
go to [endloop onmicrowindows]
endif

Ched onthe starting frequency of the irregular grid: cdculation d the pointsistart of the irregular
grid to be skipped (this number will be different of O only if the irregular grid is built for a wider
interval than the extended microwindow). On the cntrary, if the irregular grid is build for a smaller
interval than the extended microwindow, the logicd variable lirrgridmw(imw) will be set to false
and the program will skip to consider next microwindow.

xistart=(dsigma(1,imw)-dble(rwn0))/dble(rdeltasigma)

istart=int(xistart)

if(istart .It.0) then

li rrgridmw(imw)=.false.

close(99)

goto [end loop onmicrowindows]

endif

Realing of the dtitude range of the irregular grid:
read(99,*) rangedown, rangeup
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Realing of the irregular grid in the hexadedmal representation, conversion d the grid in binary
representation and storing of the grid in the vedor igrid(imxsig).

Eadh line of the file is made of a maximum of 50 hexadedma numbers, and eatr number
corresponds to 4 pants in the binary representation d the frequency grid. Therefore eab line
corresponds to 200 pants.

The number of lines jmax to be read depends on the total number of points ntot of theirregular grid,
andit isequal to [int(ntot/200) + 1].

Thelast lineis made of : kmax=(red(ntot)/200-int(ntot/200))*50+1 hexadedmal numbers.

After the reading of ead line, eadh hexadedma number is converted in hinary number by the
modue hex_bin.
The binary numbers are stored in the vedor igrid(imxsig).

jmax=int(ntot/200)+1
nox0

do 30=1jmax

read(99,(a50)")cirrgrid
knax=50

if(j .eq. jmax) kmax=(red(ntot)/200-int(ntot/200))*50+1
do 40K1,kmax

cdl hex_hin(cirrgrid(k:k),n1,n2,n3,n}

igrid((j-1)*200+(k-1)*4+1)=n1
igrid((j-1)*200+(k-1)*4+2)=n2
igrid((j-1)*200+(k-1)*4+3)=n3
igrid((j-1)*200+(k-1)*4+4)=n4

nofnol+nl+n2+n3+n4
40 continue
30 continue

4. Definition d the aray iigrid, containing the irreqular grid in the binary representation and
computation d vedor igridc, which assciates to ead ‘1’ value of the irreqular grid the

correspondng
position onthe regular fine grid.

The first and the last point of the irregular grid, in the cae of linea interpaation, and the first and
last two pants of theirregular grid, in the cae of cubic interpolation,aresetto‘1’.

Theirregular grid is dored in vedor iigrid(1—isigma(imw), imw).

The use of this additional matrix, other than igrid(imxsig), makes possble for the program to hande
irregular grids that have been computed for frequency intervals wider than the extended
microwindows.

Besides, for subsequent cdculations it is useful to compute the vedor igridc(imxsi2) that, to ead
‘1" intheirregular grid, asociates the crrespondng number in the regular fine grid.

iI=0




Prog. Doc. N.: TN-IROE-RSA9602
Issue: 3

@ IROE Development of an Optimised Algorithm for Routine p, T
Date: 07/02/02 page 202392

and VMR Retrieval from MIPAS Limb Emisson Spedra

do kig=1,isigma(imw)
lsigl=istart+ksig
if (ksig.eq. 1 .0. ksig .eg. isigma(imw)) .or. (cint(imw).eq. cub’ .and.
& (ksig .eq. 2 .a. ksig .eg. (isgma(imw)-1))))then
iigrid(ksig,imw,1)=1
else
iigrid(ksig,imw,1)=igrid(ksigl)
endif
if (iigrid(ksig,imw,1).eq.Dthen
i=i+1
igridc(i)=ksig
endif
end do
nged1(imw)=i

5.-6.-7. Computation d variables used by spedrum pt for performing the dired interpolation /
convdution

In order to understand the meaning of the subsequent computations, it is necessary to explain hav
the low resolution spedrum is computed when irregular grids are available. The low resolution
spedrum is caculated by the routine spedrum_pt, bu when irregular grids are available, some
preliminary computations which depends only on the irregular grid and onthe AILS function, are
performed in this routine.

The low resolution spedrum rspct(1—> nsar‘r(imw)) is the result of the cmnvdution ketween the

high resolution spedrum rsp(1— isigma(imw))and the high resolution AILS function

rilg1— nils), performed orly in corresponcence of the @arse grid pdnts. (We have not reported

the dependence of the spedrum on the microwindow and the geometry and the dependence of the
AILS function onthe microwindow).

In particular, the value of the low resolution spedrum correspondng to a given pant of the
frequency coarse grid jsamisgiven by:

rspt( jsam) = irsp((jsam—l)-nrd +ii)-rilgnil s—ii +1),

nrd isthe ratio between the frequency step of the aarse andfine grid.

When an irregular grid is avail able, orly the spedra points correspondng to the ‘1’ paints of the
irregular grid, i.e. the points of the ‘compressed’ grid, are omputed using the Radiative Transfer
equation, the others, i.e. the spedral points correspondng to the ‘0’ points of the irregular grid, are
computed performing an interpolation ketween the values of the spedrum computed on the
compressed grid.

In the cae of linea interpalation, the interpolated value of the spedrum correspondng to the point
jj of theregular fine grid is given by:

Sy , rsp(i+D)—rsp(i)  _ , e
& rSp(JJ)_rSp(I)+igridc(i+1)—igridc(i) k=rsp(i)+m-k;
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where k = jj —igridc(i) assumesvauesfrom 0 to (igridc(i+1)-igridc(i)),
whilein the cae of cubic interpadation, it is given by:
2 rsp(ji)=rsp(i)+a-k®+b-k*+c-k;

where a, b, c are the efficients of the aibic interpadation dependent on rsp(i), rsp(i-1), rsp(i+1),
rsp(i+2).

When irregular grids are available, instead of performing first the interpaation in the regular fine
grid and then the convdution with the AILS in corresponcdence of only the marse grid pants, it is
possble to save time computing baoth operations at the same time.

Merging equs. 1 and 2we find that the cntribution to the value of rspct(jsam) given by al the

points of the regular fine grid between two nea points of the compressed grid (i and i+1) is equal,
in the cae of linea interpaation, to:

igridc(i+1)—1-( jsam-1)-nrd,k=igridc(i+1)-1-igridc(i) igridc(i+1)—1-( jsam-1)-nrd,k=igridc(i+1)-1-igridc(i)
rsp(i) - D rilg(nils— j +1)+ m- D rilg(nils— j+1)-k
j=igride(i)-( jsam-1)-nrd k=0 j=igride(i)-( jsam-1)-nrd,,k=0

and, in the cae of cubic interpdation, to:

igride(i+1)-1-( jsam-1)-nrd ,k=igridc(i+1)-1-igridc(i), igride(i+1)-1-( jsam-1)-nrd ,k=igridc(i+1)-1-igridc(i)
rsp(i) - D rilg(nils— j+1)+a- D rilgnils— j+1)-k* +
j=igride(i)-( jsam-1)-nrd k=0 j=igride(i)-( jsam-1)-nrd k=0
igride(i+1)—1-( jsam-1)-nrd ,k=igridc(i+1)-1-igridc(i) j=igride(i+1)-1-( jsam-1)-nrd ,k=igridc(i+1)-1-igridc(i)
+b- D rilg(nils— j+1)-k?* +c- D rilg(nils— j +1)-k
j=igride(i)—( jsam-1)-nrd, k=0 j=igridc(i)—( jsam-1)-nrd,k=0

This routine @mputes, for ead pant jsam of the frequency coarse grid and for ead pant i in the
compresed grid which affeds the value of convdved spedrum at jsam, the matrix
rsan(imxi,imxsi2,4jmxmw) whose dements are equal to (particular cases that will be considered
later):

igride(i+1)-1-( jsam-1)-nrd k=igridc(i+1)-1-igridc(i)
(3) rsan(jsam,i, n ,imw) = > rilg(nils— j+1)-k"*,
j=igride(i)—( jsam-1)-nrd k=0
where 1< n<4.

The computation d matrix rsanis computed as foll ows:

5. Mirroring of rils andinitidisation d rsan




Prog. Doc. N.: TN-IROE-RSA9602
Issue: 3

Date: 07/02/02 Page 204392

Development of an Optimised Algorithm for Routine p, T
@ IROE and VMR Retrieval from MIPAS Limb Emisson Spedra

In order to simplify and save time in the subsequent computations, the locd vedor rils1(imxils) is
computed just mirroring with resped to the central el ement the vedor containing the AILS function
rils(j=1—nil s,imw).

do 35j=1,nls
rilsl(j)=rils(nilsj+1,imw)
35 cortinue

Matrix rsanisinitialised

dgsam=1,nsam(imw)
do=1,nused1(imw)
d&k=1,4
rsan(jsam,i,k,imw)=0.0d0
end do
end do
end do

Begin loop 2 wer the points of thelocal coarse grid
jsam= 1, nsam(imw)

The variable ilim(2jsam,imw), that indicaes the number of paints of the cmpressed grid that have
to be taken into acourt for the omputation d the value of the low resolution spedrum at jsam for
microwindow imw, isinitialised to 0.

ilim(2, jsam, imw)=0

Begin loop 3 wer the points of the ompressd orid

i=iin,ifin

iin and ifin are respedively 1 and nused1(imw)-1 in the cae of linea interpoation and are 2 and
nused1(imw)-2 in the cae of cubic interpadation:

if (cint(imw).eq. ‘cub’)then

in=2

ifi n=nused 1(imw)-2
else

iin=1

ifi n=nused 1(imw)-1
endif

For eadh i, a chedk isdonre for evaluating if the dements of the matrix rsan(jsam, i, njimw), nr=1— 4
have to be computed.

Thelogicd variableli indicates whether this test was succesful (li equal to true) or naot.

At thebeginning li is %t to false.
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Sincethe mnvdution d the spedrum with the AILS function in correspondence of the warse grid
point jsam has to be performed considering the points of the spedrum on the regular fine grid
between ((jsam—-1)-nrd +1)and (( jsam—-1)- nrd + nils),

the point i of the cmpressed grid has to be taken into acourt if the following condtionis verified:

*) ((jsam-1)- nrd +1) <igridc(i,inw) < (( jsam—1)- nrd + nils)

When this condtion is verified, the variable k, which is the second fador in the expresson d rsan,
is stto Oandli is st to true.

If condtion (*) isnat verified, bu the foll owing condtion s verified:
() igride(i +1imw) > ((jsam—1)- nrd +1)

it means that the interval between ((jsam—1)-nrd +1)and ((jsam-1)-nrd + nils)includes only a

portion d the interval of the fine grid from igridc(i,imw) to igridc(i+1,imw).
In this case the paint i hasto be taken into acourt, bu the starting value of k is equal to:
((jsam—1)- nrd +1) - igridc(i,imw) .

li=.false.

if (igridc(i,imw) .ge. (jsam-1)*nrd +1) .and.
& igride(i,imw) .le. ((jsam-1)*nrd +nils)) then

k=0
li=.true.
else
if(igride(i+1,imw) .gt. (jsam-1)*nrd+1)then
k=((jsam-1)*nrd+1)-igridc(i,imw)
li=.true.
endif
endif

Operations 6. and 7.are performed only if li istrue.

6. Setting of some variables for the mmputation d rsan

The limits within which the index of the rilsl vedor hasto vary in the summations which define the
matrix rsan are wmputed.

These limits are computed taking into aceunt also the possbility that only a portion d the regular
grid interval between two nea points of the compressd grid is contained in the interval between

((jsam-1)-nrd +1)and ((jsam—-1)- nrd + nils).
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In order to avoid considering the same dement of rils and rsp twice, we @nsider, for ead i, al the
points between igridc(i) and (igridc(i+1)-1). The only exceptionis when jjf isequal to (nils-1), or in
the cae of cubic interpalation, when jjf isequal to (nils-2) andi is equal to (nused1(imw)-2).

In the cae of cubic interpadation, the first and the last point of the spedrum on the regular fine grid
isnat taken into acourt. They will be taken into ac@urt in routine spedrum_pt.

jji=max(((jsam-1)*nrd+1),igridc(i,imw))-

& (jsam-L)*nrd
jif=min(igridc(i+ 1,imw)-1,nls-1+ (jsam-1)*nrd)-
& (jsam-D)*nrd

if(jjf .eq. (nils-1)) jif=jjf+1

if(jjf .eq. (nils-2) .and.i .eq.
& (nused1(imw)-2) .and.cint(imw) .eg. ‘cub)
& jif=jif+1

The total number of points of the compressed grid to be taken in acount for jsam, i.e.
ilim(2,jsam,imw), isincreased of one unit ead time condtion either (*) or condtion (**) is verified.

ili m(2,jsam,imw)=ili m(2,jsam,imw)+ 1

Besides, dso the first point of the @mpressed grid to be taken into acmurt for jsam
(ilfm(1,jsam,imw)) is cdculated.

if(ili m(2,jsam,inw) .eq. 1) il m(L jsam,imw)=i

7. Computation d rsan(imxi,imxsi2,4 j mxnmw)

The matrix rsanis computed performing the foll owing summations:

j=]if ,k=min(igridc(i+1)-1-igridc(i),(( jsam-1)-nrd+nils—igridc(i))
rsan(jsam,i, n ,imw) = Drilgnils— j+1) k™,

j=Jji ,k=max(0,—igridc(i,imw)+(( jsam-1)-nrd+1)

wherel<n<4.

dg=jji jif
rsan(jsam,i,1,imw)=rsan(jsam,i,1,imw)+ril si(j)
rsan(jsam,i,2 imw)=rsan(jsam,i,2,imw)+ril s1(j)*
& dble(k)
if(cint(imw) .eg. 'cub’)then
rsan(jsam,i,3,imw)=rsan(jsam,i,3,imw)+ril s1(j)*

& dble(k*Kk)
rsan(jsam,i,4,imw)=rsan(jsam,i,4,imw)+ril s1(j)*
& dble(k*k* k)

endif
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k=k+1
end do

if(jjf .eq. nils) goto /end do wer jsam/

end if

2.2.31 READ_LOOKUP_PT

Description

Thisroutineiscdled by retr_pt.f modue only if lookupc = .true.
It reads the aosssedionlook-up tables.

Variables exchanged with external modules

Name Description
ilookup | integer*4 ilookupmw(imxmw)
mw ilookupmw(imw)=0 nolook-up tables for mw imw
ilookupmw(imw)=1 look-up tables for all the asorbers of the mw
ilookupmw(imw)=2 look-up tables for not all the ésorbers of the mw
Imgas logicd Imgas(imxgmw,imxmw):
Imgas(mgas,imw)=.true. : caculation d crosssedions
withou look-up tables
Imgas(mgas,imw)=.fase. :cdculation d crosssedions by
means of look-up tables
smw charader*6 smw(imxmw) : microwindow identifier
nselmw | total number of seleded microwindows
igassmw | 1*4 igasmw(imxmw): number of gasesto be mnsidered in eath Mw
Igashi I*4: igashi(imxgas) HITRAN code number for ead global gas number
igasnr [*4: igasnr(imxgas,imxmw): global gas number for the locd gas number
of eah Mw
dsigma | R*8 dsigma(imxsig,imxmw): general wavenumber fine grid
isigma I*4: isigma(imxmw) : number of general wavenumber fine grid pants
nll I*4 nll (imxgmw,imxmw): number of basis vedors
npl I*4 npl (imxgmw,imxmw): number of -log(presaure) tabulation pants
rpll R*4 rpl(imxgmw,imxmw): lowest -log(presaure) [-In(p), pin mb]
rdpl R*4 rdpl (imxgmw,imxmw): spadng of -log(presaure) tabulation
ntl I*4 ntl(imxgmw,imxmw): number of temperature tabulation pants
rtll R*4 rtll (imxgmw,imxmw): lowest tabulated temperature [K]
ratl R*4 rdtl (imxgmw,imxmw): spadng of temperature tabulation [K]
ru R*4 ru(imxsi2,imxbv,imxgmw,imxmw): U-matrix
rkl R*4 rkl(imxbv,imxnx,imxgmw,imxmw): K-matrix
ligrid [*4 iigrid(imxsig,imxmw):
iigrid (1— isigma(imw),imw): irregular grid in the ‘0 and ‘1
representation for all the fine grid pants of the extended microwindowv
imw
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lirrgridm | logicd: lirrgridmw(imxmw): logicd variable indicaing, for ead
w microwindow, if theirregular grid is avail able.
tab charader*3 tab(imxgmw,imxmw): tabulation code for crosssedion
look-up tables

Detail ed description
Thelocaion d the diredory containing LUTs isreal from the environment variable ORM_LUT.

cdl getenv ("ORM_LUT",siod)

iod =index(siod," ")-1 ! computesthe length of siod

if (iodl.gt.80) then
write(*,*)' --- FATAL ERROR in main arm ---'
write(*,* )'Path of the I/O diredoriestoolong !"
stop

endif

if (sod(iod:iodl).ne.’") then
write(*,*)' --- FATAL ERROR in main arm ---'
write(*,* )'The eawvironment variable ORM_LUT'
write(*,* ))must end by /'
stop

endif

1. Initialisationto O d matrix ru:

doi=1,nselmw
doj=1,igasmw(imw)
do k1,imxnx
do k=1,imxsi2
ru(ki,k,j,i)=0.
end do
end do
end do
end do

2. Opening of thefile mntaining the look-up table

For eady microwindow, if at least the dosssedion look-up table relative to ore gas is available
(ilookupmw(imw) = 0), ado-loop o\er the gases in the mnsidered microwindow is performed.

If the look-up table relative to the ansidered gas is available (Imgas = .false)), the hitran code of
this gas ihit is computed and the file c@ntaining the lookup table
(lookup //smw(imw)//’ ' //num// .dat’) isread.

Please note that the look-up tables are contained in binary fil es.

smw(imw) represents the identificaion label of the microwindow, num is the charader containing
ihit.

doimw=1,nselmw
if(ilookupmw(imw).ne.0) then
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domgas=1,igasmw(imw)
if(.nat. Imgas(mgas,imw)) then
i hit=igashi(igasnr(mgas,imw))
write(num,'(i2.2)")ihit
opn(99file=siod(1:iod)//
& 'lookup_//smw(imw)/I'_‘lInum/[.dat’,

& form=‘unformatted’ ,status="old")

3. Reding of thefile

endif

end do
endif
end do

3. Redaing of thefile

For the format of the binary fil es containing the look-up tables, please refer to [RDA4].

An arbitrary number of initial comments records, starting with ‘" or * *, can be present at the
beginning of thefile.

100 continue
read(99) header
if (index (header, ") .gt. 0 .a. header .eq." ") goto 100

Reading of the tabulation code tab of the LUT and ched onits value: if tabis not equal to ore of
the foll owing strings:

log, lin, 4t,
a message is written and this look-up table is nat taken into acount (Imgas(mgas,imw) is st to
true).

tab(mgas,imw)=healer(11:13)

if (tab(mgas,imw) .ne. 'log’ .and.
tab(mgas,imw) .ne. 'LOG .and.
tab(mgas,imw) .ne. 'lin' .and.
tab(mgas,imw) .ne. 'LIN' .and.
tab(mgas,imw) .ne. '4rt' .and.
tab(mgas,imw) .ne. '4RT") then

write(*,*) 'Problems in the tabulation d

write(*,*) ‘crosssedion look-up tables:’

Ro Ro Qo Ro Ro
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write(*,*) 'the tabulation dces not correspond
write(*,*) 'to ore of the functions coded'
write(*,*) 'in the decompresgon stage
Imgas(mgas,imw)=.true.

goto { end do ower gases}

endif

Realing of the dimensionrecord

read(99) nll(mgas,imw),nvl,rv1l,rdvl,np(mgas,imw),
& rpdl(mgas,imw),rdpl(mgas,imw),
& ntl(mgas,imw),rt1ll(mgas,imw),
& rdtl(mgas,imw)

Ched onthe starting frequency of the look-up table:

cdculation d the paintsistart of the look-up table to be skipped (this number will be different of O
only if the look-up table is built for a wider interval than the extended microwindow). On the
contrary, if the look-up table is build for a smaller interval than the extended microwindow, the
logicd variable Imgas(mgas,imw) will be set to true and the program will skip to consider next gas.

istart=nint(xistart)

if(istart .It.0) then
Imgas(mgas,imw)= .true.
goto { end do ower gases}
endif

Caculation d nx, the total number of tabulated (p,T) values.

x=npl*ntl

Thefirst istart rows of matrix ru are read, bu not stored :

da=1,istart
read(99)(rummy(j),j=1,nl (mgas,imw))
end do

Realing of the rows of ru-matrix correspondng to ead frequency point of the extended
microwindow.

If anirregular grid is avail able for microwindow imw, only the rows of the ru-matrix correspondng
to the frequency points i with iigrid(i,imw) =1 are stored and they are stored on a ‘compressed
grid'.

The ‘compressed gid’ ismade of al and orly the frequency paintsi with iigrid(i,imw) =1.
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ii=0
da=1,isigma(imw)
if ((iigrid(i,imw) .eq.1 and.

& lirrgridmw(imw)) .or. .nd. lirrgridmw(imw))then
ii=ii+1
read (99) (ru(ii,j,mgas,imw),
& j=1,nl(mgas,imw))
else
read(99)(rummy(j),j=1,nl (mgas,imw))
endif
end do

The last istart rows of matrix ru areread, bu not stored :

da=istart+isigma(imw)+1,
& (nvi-istart-isigma(imw))
read(99)(rummy(j),j=1,nl (mgas,imw))
end do

Reading of the matrix rk

dg=1,nx
read(99)(rkl(i,j,mgas,imw),

& i=1,nl(mgas,imw))
end do

2.2.32 DECOMPR_PT

Description:

It returns the asorption coefficient vedor rcrossl(1:isigma(inw)) aaossthe whoe microwindowv
for path condtions (rp,rt) (where rp is -log(pressure/mb), rt is the temperature) in urts of

cm”2/moleaul es.

Variables exchanged with external modules:

Name: Dimension: Description:
rp R*4 -log(presaure) of the path we ae mnsidering
rt R*4 temperature of the path we ae cnsidering
mgas I*4 locd index of the gas
imw I*4 index of the mw we ae mnsidering
ru R*4 U-matrix

ru(imxsi2,imxbv,

| MXQIMW, i MXmw)
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rki R*4 K-matrix
rkl (imxbv,i mxnx,
| MXQIMW,i MXmw)
nll [*4 number of basis vedor
nll (imxgmw,
i MXmw)
npl 1*4 number of -log(presaure) tabulation pants
npl (imxgmw,
I MXImw)
rpdl R*4 lowest -log(presaure) value
rpdl (imxgnw,
I MXImw)
rdpl R*4 spadng of -log(presaure) tabulation
rdpl (imxgnw,
i MXmw)
ntl 1*4 number of temperature tabulation pants
ntl (imxgmw,
I MXImw)
rtll R*4 lowest tabulated temperature
rt1l(imxgmw,
i MXmw)
rdpl R*4 spadng for U-matrix tabulation
rdpl (imxgnw,
I MXImw)
ntl 1*4 number of temperature tabulation pants
ntl (imxgmw,
I MXImw)
rtll R*4 lowest tabulated temperature
rt1l(imxgmw,
I MXImw)
rtl R*4 spadng of temperature tabulation
ratl (i mxgmw,
I MXImw)
isigmal | 1*4 total number of frequency pointsin extended mw
tab C*3 tabulation code of crosssedionlook-up tables
rcrossl | R*4 rcrossl(imxsi2) | returned crosssedion wvedor for the whole microwindow
(cm”™2/moleaules)

Prog. Doc. N.: TN-IROE-RSA9602
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Detail ed description:

The adua compressed/reconstructed tables can either represent the asorption coefficient rcross
diredly (tab="lin") or some functions:

tab="log’ impliestabulationis of In(k);

tab="4rt’ impliestabulationis of sgrt(sgrt(k)).

Thisroutineisableto handle‘lin’, ‘log’ and*4rt’ tabulation.

1. Setting of the parameter rkmin. This is necessary to ensure that In(k) returns a reasonable value
when the reconstructed absorption coefficients are dose to zero or negative (possble with k o

sart(sgrt(k)) ).
rkmin=1.0e-38

2. Interpdation pants and weights in -log(presaure) axis

Caculation d the neaest (Ieft) paint ip to rp ontabulated presaure grid, dfference between rp and -
log(presaure) inip, rdpl 1.

The variable rxp (rxp= (rp-rpll)/rdpl+1) is limited to the range 1. npl to ensure there is no
extrapalationin cases where the required rp, rt are outside the tabulated range (in this case the edge
values are used).

The variableip is limited to the range 1. (npl-1) to ensure that when rxp=npl, the interpolation daes
naot attempt to accessundefined memory el ements.

rxp=(rp-rpl (mgas,imw))/rdpl (mgas,imw)+1.
rxp=min( max (1.0rxp),float(npl(mgas,imw)))
ip=min (int(rxp),np (mgas,imw)-1)

rdpl1=rxp - float(ip)

3. Interpdation pants and weights in temperature ais

Caculation d the neaest (left) paint it to rt ontabulated presaure grid, dfference between rt and
temperaturein it, rdtl1.

The variable rxt (rxt=(rt-rt1l)/rdtl+1) islimited to the range 1: ntl to ensure there is no extrapolation
in cases where the required rp, rt are outside the tabulated range (in this case the alge values are
used).

The variable it is limited to the range 1. (ntl-1) to ensure that when rxt=ntl, the interpolation daes
naot attempt to accessundefined memory el ements.

rxt=(rt-rt1l (mgas,imw))/rdtl (mgas,imw)+1.
rxt=min( max (1.0yxt),float(ntl(mgas,imw)))
it=min (int(rxt),ntl(mgas,imw)-1)

rdtl 1=rxt - float(it)

4. Calculation d indicesand weightsin 1: nx dimension for (rp,rt) interpolation o rkl

[I=ip + npl(mgas,imw) * (it-1) I'low -Inp,low temperature
J=l+1 I'high -Inp, low temperature
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[J=11+npl (mgas,imw) I'low -Inp, Hgh temperature
JFEIH+1 I high -Inp, Hgh temperature
WII=(1.0-rdpl1) * (1.0-rdtl1)
WJl=rdpl1 * (1.0- rdtl1)
WIJ=(1.0- rdpl1) * rdtl1
WJJ rdpl1 *rdtl1
5. Expansion from basis vedors
Calculation d crosssedion correspondng to rp and rt.
doiv=1,isigmal I loop owr frequency grid pants

I (the grid is compressed if
Lirregular grid is avail able)
rkkii=0.0
rkkij=0.0
rkkji=0.0
rkkjj=0.0
doil=1,nll (mgas,imw) lobp owr all basisvedors
rkkii =rkkii +ru(iv,il ,mgas,imw)* rkl (il , Il ,mgas,imw) ! multiply ru * rkl(rp,rt)
rkkij =rkkij +ru(iv,il ,mgas,imw)* rkl (il ,1J,mgas,imw)
rkkji =rkkji +ru(iv,il ,mgas,imw)* rkl (il ,JI,mgas,imw)
rkkjj =rkkjj +ru(iv,il ,mgas,imw)* rkl (il ,JJmgas,imw)
end do
if (tab(mgas,imw) .eq.'log" .or. I tabulation o In(k)
& tab(mgas,imw) .eg. 'LOG) then
rcrossL(iv)=exp(WII* rkkii +W1J* rkkij +
& WJI* rkkji +WJIF rkkijj)
else

rcrossL(iv)=exp(WII*log(max(rkkii ,rkmin))+ I tabulation d k or sgrt(sgrt(k))

& WIJ*log(max(rkkij ,rkmin))+
& WJI*log(max (rkkji ,rkmin))+
& WJXlog(max(rkkjj,rkmin)))
if (tab(mgas,imw) .eq. '4rt’" .or. I tabulation o sgrt(sgrt(k))
& tab(mgas,imw) .eq. '4RT")
& rcrossl(iv)=rcrossl(iv)**4
endif

rcrossl(iv)=rcrossl(iv)*10000/6.022136@+23 ! I crosssedionin cm™2/atoms
end do

Notes

The @ove assumes that the @sorption coefficients are required onthe same wavenumber grid as

the ru tabulation, so nointerpalationis performed in the wavenumber dimension.

Theinterpadationin (p,T) isalways caried ou in In(k) sinceln(k) is
generally alinea function d -In(p) (in the Lorentz limit).

Sinceln(k**0.25) = 0.25*n(k), interpadationin (p,T) domain for 'LIN' and
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'ART' reconstructions is the same, with the expansion from k**0.25 to k
left until the last step when KABS is cdculated.

2.2.33 HEX_BIN

Description

This modue makes the mnversion ketween a hexadedmal charader to a binary number of four

digit.

Variables exchanged with external modules

Name Description

C charader*1: hexadedmal charader (0,1,2...,9A,B...F)
nl integer*2 : seebelow

n2 integer*2 : seebelow

n3 integer*2 : seebelow

n4 integer*2 : seebelow

Detail ed description

Acoording to the particular value of c, the modue returns four integers that represent the binary
representation d the hexadeamal charader c.

(o nl n2 n3 n4
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
A 1 0 1 0
B 1 0 1 1
C 1 1 0 0
D 1 1 0 1
E 1 1 1 0
F 1 1 1 1
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2.2.34 CONT_CHAR_PT

Description

This subroutine evaluates the qualifiers that charaderise cntinuum retrieved parameters. The
routine is cdled by the output_pt modue. In that occasion the qualifiers are cdculated and dredly
written into the main ouput file of pT retrieval (pt_ou.dat).

Variables exchanged with external modules

Name Description

rxpar rxpar(imxtop) = vedor of the fitted parameters

rainv rainv(imxtop,imxtop)= VCM of the retrieved parameters

ilimb ili mb = number of measured geometries

ipar ipar = number of parameter-levels (i.e. N. of elements of rzpar vedor)

nselmw nselmw = total number of seleded microwindows for the retrieval

nucl nucl = number of limb geometries to be skipped before starting continuum fit;
numbering starts from top.

lokku lokku(imxgeo,imxmw) = occupation matrix used for the seledion of operational MW's
for ead observation geometry

I cfit [cfit(imxgeo,imxmw) = continuum occupation matrix

Iccmat Iccmat(imxgeo,imxmw) = logicd matrix which identifies altitudes & MWs where the
continuum is st equal to the continuum of aneaby MW (close-close MWSs).

Detailed description

* Thismodule cntainsthe dgorithm for deriving the quantitiesto be reported in Level 2 products
* for charaderisation of continuum fitted parameters, starting from the ORM variables.
* The matrix |ccmat(imxgeo,imxmw) identifies among the MW¢/altit udes of the
* occupation matrix 'lokku',
* the MW¢/altitudes which are tightly grouped with the next (leftwards) MW/altitude where
* continuum isfitted. This matrix is computed in the modules 'mwcont_pt(vmr)'
subroutine cnt_char_pt(rxpar,rainv,ili mb,ipar,nselmw,nucl,
& lokku,|cfit,lccmat)

implicit none
include 'parameters_pt.inc'
* Dedaration of variablesis omitted here

* | niti ali sation of computed variables:

doi=1,ilimb
doj=1,nselmw
igroup_type(i,j) =0 I continuum parameter group type
xsed(i,j) = 0.d0 I continuum crosssedion at sweep i, and MW j
var(i,j) =0.d0 I variance of retrieved continuum at sweep i, MW j
covp(i,j) =0.d0 I covariance between xsed(i,j) and p(i)
covt(i,j) = 0.d0 I covariance between xsed(i,j) and T(i)
end do
end do

icpar = 0 ! initialisation of a counter
*
* Start of loop over sweegps where continuum is considered
* and loop over microwindows of the aurrent retrieval

*
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doi=nucl+1,ilimb I loop o sweeps (altitudes)
doj=1,nselmw I' loop a1 microwindows

if (lokku(i,j)) then !if the aurrent mw 'j'isused at sweep i’
if (Icfit(i,j)) then 1'if continuumisfitted at this sveg/mw
icpar =icpar +1 !icpar counts continuum parameters

* We have to setup the group_type(i,j) for the aurrent continuum parameter:

* 1 -thismw isisolated

* 2 - thismw is an edge of aloase group

* 3-thismw isaleftmost edge of atight group

* 4 - thismw is aleftmost edge of atight group AND an edge of aloase group
* 5 - thismw belongsto atight group (but is not an edge of the group)

* 6 - this mw belongsto aloase group (but is not an edge of the group)

*

loose = .FALSE.

Itight = .FALSE.
* Look right:

dok=j+1,nselmw

if (.not.Icfit(i,k)) then
if (.not.lcomat(i,k).and.lokku(i,k)) loose=.TRUE.
if (Ilcomat(i,k).and.lokku(i,k)) Itight=-"TRUE.
else
goto 12
end if
end do
12 continue
* Look left:
dok=j-1,1,-1
if (.not.Icfit(i,k)) then
if ((.not.lcamat(i,k)).and.lokku(i,k)) loose=.TRUE.
else
goto 13
end if
end do
13 continue
* Take adedsion:
if (.not.(loose.or.Itight)) igroup_type(i,j)=1
if (loose.and.(.not.Itight)) igroup_type(i,j)=2
if (Itight.and.(.not.loose)) igroup_type(i,j)=3
if (Itight.and.loose) igroup_type(i,j)=4

kkkkkkkhk

* Inp,T retrieval the foll owing correspondences are valid:
xsed(i,j) = rxpar(ili mb+ipar+icpar)
* var(xsed(i,j)) =
var(i,j) = rainv(ili mb+ipar+icpar,ili mb+ipar+icpar)
* cov(xsed(i,j),p(i)) =
covp(i,j)= rainv(i,ili mb+ipar+icpar)
* cov(xsed(i,j),T(i)) =

covt(i,j)= rainv(ili mb+i,ili mb+ipar+icpar)
*kkkhkkkk

else I'if continuum is not fitted at this svegp/mw

if (Icomat(i,j)) then

igroup_type(i,j)=5 ! the mw belongsto atight group
else

igroup_type(i,j)=6 ! the mw belongsto aloose group
end if
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end if lend if cont. isfitted at this svegp/mw
end if end if mwisused at swee i’
end do I'end loop o microwindows
end do I'end loop o sweeps

* writes the results into the main output fil e of the retrieval (pt_out.dat) :
doj=1,nselmw
doi=1,ilimb
write(29,'(a5,i2,89,i2)))mw =",j,", Imb ="
write(29,*)'group_type(Imb,mw) =", igroup_type(i,j)
write(29,*)'xsed(Imb,mw) =" xsed(i,j)
write(29,*)'var(xsed(Imb,mw)) =", var(i,j)
write(29,*)'cov(xsed(Imb,mw),p(Imb)) =", covp(i,j)
write(29,*)'cov(xsed(Imb,mw),t(Imb)) =", covt(i,j)
end do
end do
end
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2.3 Variables and parameters used in the p,T retrieval program

The parameters used in the cdculation are listed in the table below

Name Description Value

dcdop used in Dopper broadening: sgrt(2 In2 kavog / c"2) 3.5811737dr

dext extension d the (already with iadd*delta extended) microwindow 0.4
whereioutinis =t to 1[cm™]

dinvpi 1/pi 0.318309886

dsgin2 | sgrt(In2) 0.832554611

dsgpi sgrt(pi) 1.772453851

dtineig | minimim permitted value for the eagenvalues of A 1.0d40

iglclf the qudient between coarse and fine wavenumber grid intervals 5

imxapo | maximum number of points in the godsation function (path 513
diff erence domain)

imxbv max. number of base vedors of compressed look-up tables 10

imxcof | max number of coefficients for the cdculation d the quaient of 4
the partition sum (=4)

imxcop | max. number of continuun parameters 180

imxcta | max number of elements in the rredion table of tangent 50
altitudes due to refradion index

imxept | max number of extra paths 1

imxfcs | max number of frequencies to which cross gdions are provided 1
in the look-up tables

imxfpg | max number of elements in the fixed P grid imposed to the 50
retrieval

imxgas | max number of gasin the retrieval 10

imxgeo | max number of simulated observations 18

imxgmw | max number of gases per MW 4

imxhit number of gasesin the HITRAN 96 data base 36

imxha | max. nunber of holes between true dements in the @lumns of 100
the occupation matrix

imxi maximum number of sampling points in the synthetic spedra 100
computed at the observed frequencies

imxsi2 | max number of ‘1’ paintsin theirregular grids of the considered 400
microwindows

imxilc max number of sampling point in the instrument line-shape 1000
function (course grid!)

imxils maximum number of sampling pointsin the instrument line-shape 2400
function (fine-grid!)

imxism | max number of isotopesin HITRAN data base per moleale (=8) 8

imxiso | number of total isotopesin the HITRAN database 85

imxite maximum number of maao-iterationsin retrieval procedure 15

imxj maximum dimension o J matrix (VCMobs=J-J") imxil cHmxi

imxlay | max number of layers for modeling the amosphere imxlev-1
(=imxlev-1)
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imxlev | max number of levels used for modelli ng the amosphere 70
imxlin max number of lines per microwindowv 300
imxImb | max number of parameters to be retrieved for ead set of 18
parameters (p,T,C,vmr)
imxmw | max number of microwindowvs 20
imxnx max. number of p and T paints considered in crosssedion look- 1000
up tables (nx=np*nt)
imxobs | max number of observationa paint (for Jacbian matrix) 2700
imxpat | max number of possble paths (be caeful: imxpat* | imxlay+imxept*
imxsig*4* imxgas is the number of bytes nealed for the biggest (imxgeo-1)
field (variable rcrosg in the program!)
imxpcs | max number of P to which cross ®dions are provided in the 1
look-up tables
imxpro | max number of elementsin p,t profil es 100
imxpun | max. dmension d apointer in ficara pt 100
imxri max number of refradion indices provided in the @rrespondng 50
file
imxsav | max. dmension d the saved vedor used dy mwcont_pt and 3000
ficarra pt
imxsig | max number of wavenumber grid-points for amicrowindow 5500
imxsl max number of sub-levels between the paintings of the 20
simulations
imxsnc | max number of sampling point for the sinc function wsed to 4800
interpolate the instrument line-shape function
imxtcs | max number of T to which cross ®dions are provided in the 1
look-up tables
imxtop | max number of parametersto be fitted 60
imxvt max number of vibrational T provided in the @rrespondng file 20
rairmass | average molec weigth of the ar (kg/kmol) (US STD) 28.9644
rbc Boltzmann constant (for density in mol/cm-3) 1.38065@-19
rcl constant in the Planck-function (2 hc"2) 1.191043934-3
ren constant in the refradionindex expresgon .000272632
(n=1.+(ren*rtOn/rpOnN)*p/T)
rdmult the number of Dopger haf-widths from the line-centre from 30.
which the Lorentz function instead of the Voigt-function is used
Error: rdmult=10 -> 1.5% ; rdmult=20 -> 0.4% ; rdmult=30 ->
0.18%
refind multiplicative @nstant in the expresson d refradion index n: rtOn*rcn/
refind= ren*rtOn/rpOn rpOn
rgo acceeration d gravity (m/s**2) 9.80665
rhck h*c/k [K/cm-1] 1.4387687
rk 10°/rbc 10°/rbc
rmovr 1000 *rairmass/ R(=8314.32N.m/(kmol.K)]) 3.483676
rpOh reference presaure for pressaure broadening 1013.25
rpOn presaure onlevel seafor refradionindex cdculation 1013.25
rtOh reference temperature for pressaure broadening 296.
rtOint referencetemperature for the line intensity 296.
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rtOn temperature on level seafor refradionindex cdculation 288.16
rvif multiplier for (Dopper+Lorentz=~Voigt) half-width to determine 0.1
the locd fine grid
rvmult rvmult is the number of (Dopder+Lorentz=~Voigt) half-widths 50
from the line-centre where the transition between locd coarse and
locd fine grid occurs (rvmult >= rdmult !!

The variables used in the cdculation and exchanged by modues are listed in the table below

Name Dim- Description Modified in
ensions
cint imxmw | charader*3: it indicaes, for ead microwindow, what | read_irrgrid_pt
kind d interpdation hesto be performed between the
spedral points of theirregular grid.
delta distance between fine-wavenumber grid pants[cm™] | finput_pt
deps maximum relative variation for ead iteration in | finpu_pt
cdculation d curtis-godson variables
dsigmO centrlal frequency of the line used for testing P levels | finpu_pt
[cm™]
dsigma |imxsig, | wavenumber finegrid for eady microwindow [cm™] grid_pt
imxmw
dsilin imxlin, | central wavenumber for ead line of eahy Mw [cm™] | finput_pt
imxmw
dstep distance between coarse-wavenumber grid pants | finpu_pt
[cm-1]
iadd number of fine-wavenumber grid pants to be alded | ails_pt
on bah sides of eat microwindowv (due to the ils-
convdution)
ibase number of base-levels chbase pt
icode imxlin, HITRAN moleaular code for ead line of eadt Mw finpu_pt
imxmw
icontpar total number of continuum parametersto be fitted guespar_pt
iderlay imximb, | highest (x,1), lowest (x,3) and middle (x,2) (the one | mkplev_pt
3 diredly above the perturbed layer) which is affeded
by eat derivative (imximb refers to the parameter-
levels)
iept adual number of extra paths finpu_pt
ifco three paositions switch used for enabling / disabling | finpu_pt
off set or off set and continuum fitti ng.
ifsomw | imxmw | index of the first sampling point of eahh MW * | finpu_pt
NOTE: the sampling point at frequency=0 has
index=1
igas number of diff erent gases for adual retrieval inigas pt
igashi imxgas | HITRAN code number for ead global gas number inigas pt
igasmw | imxmw | number of gasesto be mnsidered for ead mw inigas pt
igasnr imxgas, | global gas number for the locd gas number of ead | inigas pt
imxmw | Mw
igeo number of simulated geometries occusim_pt
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igeocder | imxgeo,2 | for eadr smulated geometry | the highest | tcgeo pt
(igeocder(j,1)) and the Ilowest (igeocder(j,2))
parameter level which has to be @nsidered for the
continuum-derivatives
igridc imxsi2, | matrix which assciates to ead microwindov and | read_irrgrid_pt
imxmw | ead pant of the compressed grid, the crrespondng
index onthe regular fine grid.
ligrid imxsig, | irregular grid in the ‘0" and ‘1’ representation for all | read_irrgrid_pt
imxgeo, | the fine grid pdnts of the extended microwindow
imxmw | imw.
iSO imxlin, isotope number for ead line of eaty Mw. finpu_pt
imxmw
ilev number of levels for simulations mkplev_pt
ilim 2,imxi, |variable used for making the dired | rea_irrgrid_pt
imxmw | interpolation/convdution:
ili m(1,jsam,imw): first point of the compressed grid to
be wnsidered for the @mputation o the low
resolution spedral point at jsam for microwindow
imw;
ilim(2jsam,imw): total number of points of the
compressed grid to be considered for the cmputation
of the low resolution spedra point a jsam for
microwindow imw.
ilimb number of measured geometries finpu_pt
ilimbmw | imxmw | number of valid measured geometries per | occusm_pt
microwindow (number of 2 in ead column of
iocsim)
ili ne imxmw | number of linesin ead microwindowv finpu_pt
imaingas HITRAN code of the main gas of the retrieval finpu_pt
(=2 for CO, inthe cae of p-T-retrieval)
imw number of the acual microwindowv fwdmdl_pt
iobs total number of observationsto be fitted occusim_pt
iocsim imxgeo, | occupation matrix for the simulationsto performed occusim_pt
imxmw | =0 nosimulationrequired,
= 1 simulation required withou FOV
= 2 simulation required with FOV
ioutin imxlin, | flag for ealine finpu_pt
imxmw | =1. lineshape has to be cdculaed a ead
wavenumber inside the microwindowv
=2: lineis considered as neaby continuum
i par number of parameter-levels occusim_pt
ipath number of different IAPT numbersin ipoint point pt
ipoint imxlay, | matrix, which attaches to ead pair of layer/geometry | point_pt
imxgeo | the IAPT number
ipro number of elements contained in P, T and VMR | finpu_pt
profilesinitial guess
irovmw | imxmw | the row of the Jambian matrix where the adual | occusm_pt
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microwindow starts

isigma

imxmw

number of genera wavenumber fine grid pants in
ead microwindov

grid_pt

iterg

maao - iterationindex (Gaus9

retr_pt

iterm

micro - iteration index (Marquardt)

retr_pt

itglev

imxgeo

number of the tangent-level for ead geometry

mkplev_pt

itop

total number of parametersto be fitted

guesspar_pt

[ccmat

imxgeo,
imxmw

This matrix identifies among the MW¢g/dltitudes of
the occupation matrix ‘lokku, the MWs & altitudes
which are tightly grouped with the next (leftwards)
MW/dltitude where continuum isfitted.

mwcont_pt

Iconverg

logicd variable which is true if conwvergence is
reated

convchk_pt

lextinfl

switch for enabling the use of LOS info a ead
iteration

finpu_pt

Ifit

imxIimb

logicd vedor that identify the levels where the
profiles are fitted: referred to rztang (to the measured
geometries)

finpu_pt

Ifitgeo

imxgeo

logicd vedor that identify the levels where the
profiles are fitted: referred to rzsi (to the simulated
geometries)

occusim_pt

lifend

switch for enabling the use of LOS info orly at the
end d theiterations

finpu_pt

li fwasucc

logicd variable which is if FALSE only in case p,T
retrieval  was unsuccesdul (too many micro-
iterations)

retr_pt

lirrgridm
w

imxmw

logicd vedor that, for eat seleded microwindow in
the adua retrieval, indicaes whether the irregular
grid isavail able.

read_irrgrid_pt

lokku

imxgeo,i
mxmw

occupation matrix used for the seledion o
operational MW's for eat observation geometry

finpu_pt

|parbase

imxpro

logicd vedor that identify the levels where the
profiles are fitted: referred to rzbase (to the base-
levels)

chbase pt

nail sdp

number of AILS data points

finpu_pt

napod

imxapo

number of paints of rapod ,the godsation function
in interferogram domain. IT HAS TO BE (2**n+1),
WITH n INTEGER.

finpu_pt

nils

number of elements of rils

ails pt

ninterpol

switch for the dedsion d interpoation d the
absorption crosssedions for the geometries abowve the
lowest geometry (only if the IAPT number of the path
is increassing, which was dedded duing the
cdculation d ipaint)

=-1: nointerpdation, all crosssedions recdculated
=0: al crosssedions above the lowest geometry are
interpolated

=1: new cdculation orly of the tangent-layer, al other

finpu_pt
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layersinterpolated
=2: new cdculation d the tangent-layer and the layer
abowe, al othersinterpolated
=3 ...
nll imxg number of basis vedors in crosssedion look-up | read_lookup_fb
w, tables
imxm
w
npl imxg number of -log(presaure) tabulation pants read_lookup_p
w,
imxm
w
nrd Ratio between general coarse grid step and genera | finput_pt
fine grid step
nsam imxmw | number of sampling points in each MW (general | finpu_pt
coarse grid)
nselmw total number of seleded microwindows for the | finpu_pt
retrieval
ntl imxg number of temperature tabulation pants read_lookup_p
w,
imxm
w
nucl nucl+1 = upper parameter level for continuum fit retr_pt
nused1 imxmw | total number of paints of the cmmpressed grid for ead | read_irrgrid_pt
microwindow
ra imxtop, | matrix defined as (transpose of rjaab) * rvemobinv * | abcdc_pt,
imxtop | rjacb amodif pt
rail s imxilc, apodsed instrument line shape for al sdleded MWs | finpu_pt
imxmw
rainv imxtop, | matrix inverse of ra ainvcd_pt
imxtop
raircol imxlay, |air-column for ead layer and eadn geometry | curgod pt
imxgeo | [moedcm?]
rapod imxapo | apodsationfunctionin path dfferencedomain finpu_pt
real*4
rapod si | imxilc apodsation functionin spedra domain finpu_pt
gma
real*4
rb imxtop, | matrix defined as (transpose of rjaaob) * rvcemobinv | abcdc_pt
real*4 imxohs
rbase greder base of trapezium of Field o View function | finpu_pt
[km]
rblos imxtop, | matrix defined as the result of the matrix product abcdc _pt
imxlmb | (rjados)” * rinvclos
rchase imxpro, | continuum on the baselevels for eahy MW | chbase pt
imxmw | [cm?moled
rcderfov | imxi, derivate with resped to continuum after fov | fov_pt
imxgeo, | convdution[r.u/(cm?moled)]
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imxlmb
rchisq O:imxite | total chi squarein the different iterations difchi_pt
rchisgp | imxlmb,i | chi-square for ead olservation geometry and ead | difchi_pt
mxmw microwindow temperature profil es
rclay imxlay, | model-layer values of the @ntinuum [cm?/moled conlay _pt
imxmw
rcol imxlay, | column amourts for eat layer, eatr geometry and | curgod_pt
imxgeo, | eat gas [moledcm?]
imxgas
rcolpert | imxlay, |columns of the man gas for the perturbed | curgod p
imxgeo, | temperature profil es [moledcm?]
2
rconint imximb, | frequency range aound eadq MW.,in which the | finpu_pt
imxmw g:ontinuun can be wnsidered asvarying linealy. [cm
]
rconvc 3 thresholds used to chedk convergence citeria finpu_pt
(see @nvchk-description)
rcprof imxpro,j | array containing continuum cross ®dion as a| finpu_pt
mMXmw function d altitude and microwindow [cm*moled
rcross imxsi2, | asorption cross ®dions for ead irregular grid pant | cross pt
real*4 imxpat, | (1st index), ead IAPT number (2nd index) and eat
imxgmw | gas (3rd index) for the a¢ual Mw [cm?/moled
rcroser | imxsi2, | absorption cross ®dions for the main gas for ead | cross pt
t imxpat, |irregular grid pant (1st index), ead |IAPT number
real*4 2 (2nd index) and for the two equivalent temperature
profiles (3rd index).
rcrosgert(i,j,1) are the aosssedions cdculated
using the temperatures rtegpert(j,1) and
rcrosgert(i,j,2) using rteqpert(j,2).
reaad locd radius of curvature of the eath [km] finpu_pt
redfac reduction fador applied to 'rincz’ when it produwces | finpu_pt
not acceptable P levels
rdpl imxg gpadng of -log(presaure) tabulation in crosssedion | read_lookup_
real*4 w, look-up table
imxm
w
ratl imxg gpadng of temperature tabulation in crosssedion | read_lookup
real*4 w, look-up table
imxm
w
relow imxlin, lower state energy for ead line of eady Mw [cm™] finpu_pt
imxmw
rexph imxlin, | exporent for temp. dependence of air-broadenedhalf | finpu_pt
imxmw | width
rexphref exporent for the cdculation d Lorentz h-w in mkplev | finpu_pt
rhcorr imximb | vedor of the tangent height corredions vc_heightcorr
rhwO imxlin, | air broadened half width [cm™/atm] at 296K finpu_pt
imxmw
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rhwOref half-width of the line used for testing P levels finpu_pt
[cm™Y/atm] at 296K
rhwvar relative max. half-width variation alowed between | finpu_pt
two neighbouing P levels
rils imxil s, instrument-li ne-shape function in the frequency fine | ails_pt
imxmw | grid
rincz trial increment given to altitude for building Plevels | finpu_pt
rint0 imxlin, line intensity for ead line of eady Mw finpu_pt
imxmw | [cm™Y/(molectcm™]
rintils ratio between the frequency step approximating | ails pt
infinitesimal spedral resolution and the integral of the
ILS function
rinvclos | imxlmb, | inverse of the VC matrix of the LOS engineeing data | ffinput_pt
imxlmb
rjacon | imxlmb* | jacobian matrix for the derivatives of the continuum | ficarra_pt
imxmw, | parameter-level values with resped to the @ntinuum
imxtop | parameters
rjados imximb, | jambian matrix which links LOS engineeing data | jadoscdc
imxtop | with the unknawvns of the retrieval
rjacmb imxobs, | Jacobian Matrix jacsetmw_pt
real*4 imxtop | 1st index: observations
2ndindex: parameters
rki imxbv, K-matrix read_lookup_p
real*4 imxnx,
imxgmw,
imxmw
rlambda Marquardt damping fador retr_pt
rlambdadiv coefficient used to deaease rlambda & eah maao- | finpu_pt
iteration
rlambdain initial value of rlambda finpu_pt
rlambdamul coefficient used to incresse rlambda & ead micro- | finpu_pt
iteration
rlat latitude of the adual limb-scan (deg.) finpu_pt
rlinchisg XZ cdculated in the linea approximation newparest_pt
rlolin imxlin, lower limit where the line hasto be considered [km] | finpu_pt
imxmw
rmaxtvl max. alowed temp. variation ketween levelswhen: | finpu_pt
0 < dtitude of level <rzt12[K]
rmaxtv2 max. al owed temp. vatiation ketween levels, when: | finpu_pt
rzt12 < dtitude of level < rulatm [K]
rmrmod | imxlev, | volume mixing ratio for ead gas considered in adua | mkplev_pt
imxgas | retrieval onlevelsused for rad. tra. cdc.
rnoise imxmw,i | NESR dependent on geometry and microwindow finpu_pt
mxgeo
rnres imxobs | vedor of the diff erences between the observed spedra | difchi_pt
and the cdculated ores; first al the geometries of the
first microwindow starting from the first geometry,
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then al the other microwindowvsvedor of the
differences between the observed spedra and the
cdculated ores
rnreslos | imxlmb | vedor of residuals of LOS data difchi_pt
robs imxi, observed spedra @rrespondng to the different | finpu_pt
imxgeo, | tangent presaures and dfferent microwindows (on the
imxmw | general wavenumber coarse grid) [r.u]
roffs imxmw | fitted instrumental off set for eady mw [r.u] updpof pt
ropath imxlay, | opticd path length for ead layer, eatr geometry [km] | curgod_pt
imxgeo
rpdl imxg lowest -log(presaure) vaue in crosssedion look-up | read_lookup_fb
real*4 w, table
imxm
w
rpartcder | imxlay, | partia derivatives of the cmntinuum layer values with | conlay _pt
imximb,i | resped to the parameter-level values
mxmw
rpbase imxpro | presaure onthe base-levels [hPa] chbase pt,
updpof pt
rpeq imxpat, | equivaent presaures[hPa) curgod_pt
imxgas
rperc maximum relative (with resped to rconint) distance | finpu_pt
between central frequencies of two microwindows
which are defined as close-close ones for the
definition d continuum emisson
rpmod imxlev presaure on levels used for the radiat. transf. cdc. | mkplev_pt
[hPa]
rpprof imxpro | vedor of presaure profile & a function d atitude Z. | finpu_pt
[hPa]
rsan imxi, variadble used for making the dired | rea_irrgrid_pt
imxsi2,4, | interpolatior/convdution d the spedrum.
imxmw
rd half-difference between the bases of the trapezium | finpu_pt
(Urdl givesthe slope) [km]
rspct imxi, spedrum for ead geometry on the general coarse grid | spedrum_pt
imxgeo | [r.u]
1st index: general wavenumber coarse grid
2nd index: geometries to be simulated for the adua
Mw
rspcteder | imxi, continuum derivative spedra on the general coarse | spedrum_pt
imxgeo,i | grid for ead geometry and ead parameter level
mxlmb | [r.u/(cm?moled)]
1st index: general wavenumber coarse grid
2nd index: geometries to be simulated for the adua
Mw
3rd index: levels where the parameters are retrieved
rspfov imxi, smulated spedra rrespondng to the different | fov_p,
imxgeo, | tangent presaures and dfferent microwindows on the | adddf pt
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imxmw | general wavenumber coarse grid: ( rspct * FOV )
[r.u]
rtll imxg lowest tabulated temperature in crosssedion look-up | read_lookup_fb
real*4 w, table
imxm
w
rtbase imxpro | temperature of the base levels [K] chbase pt,
updpof pt
rteq imxpat, | equivaent temperatures[K] curgod_pt
imxgas
rthresl thresholds used to chedk convergence citeria finpu_pt
(see @nwvchk-description)
rthres2 thresholds used to chedk convergence citeria finpu_pt
rthres3 thresholds used to chedk convergence citeria finpu_pt
rtmain imxpat Curtis-Godson temperature of the main gas [K] curgod p
rtmod imxlev temperature on levels used for the radiat. transf. cdc. | mkplev_pt
[K]
rtprof imxpro | vedor of temperature a afunction d atitude Z. [km] | finpu_pt
ru imxsi2, | U-matrix read_lookup_p
real*4 imxbv,
imxgmw,
imxmw
rucl upper continuum limit (km) abowe this dtitude the
continuum is not any more fitted
rulatm upper limit of the amosphere [km] finpu_pt
ruplin imxlin, upper limit where the line hasto be considered [km] | finpu_pt
imxmw
rvchecorr | imxlmb, | VC matrix of the tangent height corredions vc_heightcorr
imxlmb
rvemobin | imxi, blocks of the inverse of the variance @variance| sinvcd_mw_pt
% imxi, matrix ~ of the observations for ead seleded
real*4 imxmw | microwindow of the adual retrieval.
rvemobin | imxi, optimised block of inverse of the variance @variance | sinvcd_pt
vopt imxi matrix of the observations
real*4
rvmrbase | imxpro,i | volume mixing ratio of the gases on the base levels | chbase pt,
mxgas | [ppm] updpof_pt
rvmrprof | imxpro,i | matrix of VMR profiles[ppm] finpu_pt
mxgas
rwmol imxhit, moleaular weight for eadch HITRAN moleaular code | wmol_pt
imxism | andisotope number [g/mol]
rwmolref moleaular weight of the gas used for testing P levels | finpu_pt
[g/mal]
rxpar imxtop | vedor of the fitted parameters guesgar_pt,
newparest_pt
rxparold | imxtop |vedor of the fitted parameters at the previous | newparest pt
iteration
rzbase imxpro | dtitude of the base-levels [km] chbase pt,
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updpof pt

rzcO altitude (km) above which the initial guesscontinuum | finpu_pt
profiles are forced to be zero

rzerof zero-filli ng expressed as the ratio between measured | finpu_pt
and transformed interferogram

rzmod imxlev heights of levels used for the radiat. tranf. cdc. [km] | mkplev_pt

rzmodper | imxlev, | perturbed altitude grids after the perturbation d temp. | mkplev_pt

t imximb | profiles. [km]

rzpar imximb | vedor of the dtitudes where the temperature profileis | updpof _pt,
fitted [km] guespar_pt

rzprof imxpro | vedor of dtitudes Z to which rtprof, rpprof and | finpu_pt
rvmrprof are referred [km]

rzsi imxgeo | tangent atitudes of the geometries to be simulated | occusim_pt,
[km] updpof pt

rztl2 atitude where the temperature threshold changes | finpu_pt
from rmaxtvl to rmaxtv2 [km]

rztang imxgeo | vedor containing the engineeing values of tangent | finpu_pt
altitudes [km]

smw imxmw | charader*6: vedor containing the identifying label of | input_pt
the seleded microwindows

tab imxgmw, | charader*3: tabulation code of crosssedion look-up | read_lookup_p

imxmw | tables




Prog. Doc. N.: TN-IROE-RSA9602
Issue: 3

Date: 07/02/02 Page 230392

Development of an Optimised Algorithm for Routine p, T
@ IROE and VMR Retrieval from MIPAS Limb Emisson Spedra

3. Software architeaure and algorithms of level 2 VMR retrieval scientific code

In this edionthe software achitedure and the dgorithms used in VMR retrieval scientific code ae
spedfied. In Sedion 3.1the high level flow diagram of the cdls between main modues and the
detail ed cdli ng tree ae described. The treeof cdls of ead modue, its 1/0 data and the dgorithms
are described in sedion 3.2.

3.1 High level flow diagram of calls

Fig. 9 shows the high level flow diagram of cdls of the VMR retrieval modue. Each b
corresponds to a single main modue of the program. The FWDMDL_VMR modue is however an
exception and it contains more than one main modue. The operations described in the flow diagram
of Fig. 9 are caried-out by the program modue named ‘RETR_VMR'.
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INPUT_VMR

[
| Some initialisations and |
i iterpolation of the profiles to
the p,T retrieval grid
[

SINVCAL_VMR
I

| |

| SINVCAL_MW_VMR |

| OCCUSIM_VMR |
[

| |

| |

TCGEO_VMR
[

CHBASE_VMR

AILS VMR
I

| GRID_VMR |
I

READ_IRRGRID_VMR
(used only if lirrgrid =TRUE)
[

READ_LOOKUP_VMR
(used only if lookupc = TRUE)
T

GUESSPAR_VMR

| |

| FWDMDL VMR |
|

| ABCALC_VMR |

| DIFCHI_VMR |

v
—» DO ITERG=1,IMXITERG

v
—» DO ITERM=0,IMXITERM
v

AMODIF_VMR
I

AINVCAL_VMR

\4

I
FWDMDL VMR
I

DIFCHI_VMR

|
|
NEWPAREST VMR |
|
|
|

|
|
|
| UPDPROF_VMR
|
|

v
IF ITERM=0 THEN

| CONVCHK_VMR |

v
IF CONVCHECK=TRUE ——

IF(x2(ITERG)<x2(ITERG-1)) THEN
| ABCALC_VMR |

A=A / rlambdadiv
GOTO END DO ON ITERG
ELSE
A=A*rlambdamult
END IF
L END DO ON ITERM
RETURN "Too many Micro-Iterations"
END DO ON ITERG

Fig. 9 Flow diagram of VMR retrieval modue

\4

ITERM=0

| CONCANDCOL

| ABCALVC_VMR |
| AINVCAL_VMR |
|
|

v
| NEWPAREST_VMR
v
| UPDPROF_VMR
v
OUTPUT_VMR

v
END VMR RETRIEVAL
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Below the cdling treeRETR_VMR modue is described.

RETR_VMR]
INPUT_VMR *

[?2--LOGINT_VMR *
[?2--LINP_VMR *
[222-SINVCAL_VMR *
[?2--SINVCAL_MW_VMR *
[?2--OCCUSIM_VMR *
|-----GCGEO_VMR *
|-----CHBASE_VMR *
|----FAILS VMR *
|----GRID_VMR *
[>----READ_|IRRGRID*
[>----READ_LOOKUPC*
|----GUESSRAR_VMR *
|-----FWDMDL_VMR *
|-----ABCALC_VMR *
|-----DIFCHI_VMR *
|-----AMODIF_VMR *
l----AINVCAL_VMR *
|----NEWPAREST VMR *
((---UPDPROF_VMR *
((---FWDMDL_VMR *
((---DIFCHI_VMR *
(((?--CONVCHK_VMR *
(?--ABCALC_VMR *
((-~-OUTPUT_VMR *
(((---CONCANDCOL *
((?--ABCALC_VMR *
I((?--AINVCAL_VMR *
((---NEWPAREST VMR *
((---UPDPROF_VMR *
((---OUTPUT_VMR *

The mmplete structure of this program is described in Fig. 10.Frames drawn with a cntinuows line
are main modues, i.e ae source (.f) or objea (.0) files. Outlined frames refer to submodues
contained in ore of the main modues. For a detailed description d program modues e sedion

3.2.
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Sincein the ‘RETR_VMR’ modue performs also some initialisations and aher operations which
are marginal with resped to the flow of the cdls, but fundamental for the successul completion o
the retrieval, we report here the detail s of the dgorithms contained in RETR_VMR modue.

Variables echanged with external modules

The INPUT_VMR routine which is cdled by RETR_VMR at the beginning of the flow, reads and
sets-up all the program variables used by the different program modues. The variables are passed
from INPUT_VMR to RETR_VMR through common statements.

Detail ed description

We report heredter an extrad of the FORTRAN source @de of RETR_VMR modue, where the
performed operations are explained in detail . Please note that the program lines included whithin the
‘speda’ comment lines ‘* +++++++++++++++++ are not to be included in the level 2 prototype
code because ae used orly for debuggng purposes.

subroutine retr_vmr(im)
implicit none
include 'parameters vmr.inc'

Variables dedarations and common statements are not reported here, please chedk the source @de of retr_vmr.f

Kkkk

* Readsinput files:
rdtime = etime(rtar)
write(*,*)'before input'
cdl input_vmr(im)
rdtime = etime(rtar)
write(*,*)'E_Time éter input_vmr (s) = ",rtar(1)+rtar(2)
*
* Reads the environment variable TEP which establi shes
* whether thisis atest runfor writing-out variables at the TEPS:
cdl getenv('TEP'step)

write(* ,*)'Ifit =",(Ifit(j),j=1,ili mb)
*
write(*,'(/a)")'lokku ="
doj=1,ilimb
write(*,*) (lokku(j,k),k=1,nselmw)
end do
*kkk

* chedks whether p,T retrieved profil es have to be used:
*
if(lifptret) then
write(*,*)
write(*,*)' Using p, T retrieved profilesfor VMR retrieval !!"
write(* ,*)
*kkk
* |nserted by Dornier:
* Reading of p,T retrieved data from a dump file:
*

open(34,file=sidir(L:iod)//'pt_dump.dat',

& form="unformatted',status="unknown")
write(*,*)'Retrieving from dump file: ibaseret’
read(34) ibaseret

write(*,*)'Vaue(s) found:'
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write(*,*) ibaseret
write(* *)' -------- '

write(* ,*)'Retrieving from dump file: imxpropt'
read(34) imxpropt

write(*,*)'Vaue(s) found:'

write(* ,*) |mxpropt

write(* *)' --------

if (imxpropt.ne.imxpro) then

write(* *)'Fatal error inretr_vmr: '/

& ‘imxpro in p,T retrieval isSNOT"

write(*,*)'equal to imxpro in VMR retrieval. '//

& 'Please chedk and corred’
write(* *)'fil es parameters_pt.inc and parameter_vmr.inc !!'
stop

end if

write(* ,*)'Retrieving from dump file: imxgeopt'
read(34) imxgeopt

write(*,*)'Vaue(s) found:'

write(*,*) |mxgeopt

write(* *)' --------

if (imxgeopt.ne.imxgeo) then
write(*,*)'Fatal error in retr_vmr: imxgeo '/

& 'inp,T retrieval isNOT

write(*,*)'equal to imxgeo in VMR retrieval. '//

& 'Please chedk and corred’
write(*,*)'fil es parameters_pt.inc and parameter_vmr.inc !!'
stop

end if

write(* ,*)'Retrieving from dump file: ili mbpt'
read(34) ili mbpt

write(*,*)'Vaue(s) found:'

write(* ,*) ili mbpt

write(* *)' --------

if (ili mbpt.ne.ili mb) then
write(*,*)'You aretrying to prform VMR retrieval '//

& 'from a scan which'
write(*,*)'has a different N. of sweeps compared to '//
& 'the scan used in'

write(*,*)'p,T retrieval .’
write(*,*)’PROGRAM STOPPED !!"
stop

end if

write(* ,*)'Retrieving from dump fil e: rpbaseret'
read(34) rpbaseret

write(*,*)'Vaue(s) found:'

write(*,'(8f10. 5))(rpbaseret(J)j 1,ibaseret)
write(* *)' --------

write(*,*)'Retrieving from dump fil e: rtbaseret'
read(34) rtbaseret

write(*,*)'Value(s) found:'

write(*,'(8f10. 5))(rtbaseret(J)J 1,ibaseret)
write(* *)' --------
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write(* ,*)'Retrieving from dump fil e: rzbaseret'
read(34) rzbaseret

write(*,*)'Vaue(s) found:'

write(*,'(8f10.5)") (rzbaseret(j),j=1,ibaseret)
write(* *)' -------- '

write(* ,*)'Retrieving from dump file: rztanret'
read(34) rztanret
write(*,*)'Vaue(s) found:'
write(*,'(8f10.5)")(rztanret(j),j=1,imxgeopt)
write(* *)' -------- '
write(* *)'Dataretrieval finished.'
close (34)

*

*kkk

* |nterpolation of VMR and continuum profilesto the grid of retrieved p,T
* profiles
*
* |nterpolations:
doj=1,ibaseret
if (rpbaseret(j).ge.rpprof(1)
& .and.rpbaseret(j).le.rpprof(ipro)) then
*
* Log interpolationin presaure for VMR profil es:
dok=1,igas
cdl logint_vmr(rpprof,rvmrprof(1,k),ipro,rpbaseret(j),
& rv1(j,k))
end do
* Linea interpalation in presaure for continuum profil es:
do k=1,nselmw
cdl li np_vmr(rpprof,rcprof(1,k),ipro,rpbaseret(j),
& renl(j,k))
end do

else
* Extrapolations:
*
if (rpbaseret(j).lt.rpprof(1)) then
dok=1,igas
rv1(j,k)=rvmrprof(1,k)+((rvmrprof(2,k)-rvmrprof(1,k))/
& log(rpprof(2)/rpprof(1)))*log(rpbaseret(j)/rpprof(1))
end do
do k=1,nselmw
renl(j,k)=rcprof(1,k)+((rcprof(2,k)-rcprof(1,k))/
&  (rpprof(2)-rpprof(1)))* (rpbaseret(j)-rpprof(1))
end do
else
dok=1,igas
rv1(j,k)=rvmrprof(ipro,k)+
& ((rvmrprof(ipro-1,k)-rvmrprof (ipro,k))/
& log(rpprof(ipro-1)/rpprof(ipro)))*
& log(rpbaseret(j)/rpprof(ipro))
end do
do k=1,nselmw
renl(j,k)=rcprof(ipro,k)+((rcprof(ipro-1,k)-rcprof (ipro,k))/
& (rpprof(ipro-1)-rpprof(ipro)))* (rpbaseret(j)-rpprof (ipro))
end do
end if
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end if
end do

*
* Update profil es:
ipro = ibaseret
doj=1,ipro
rzprof(j)=rzbaseret(j) I Altitudes
rpprof(j)=rpbaseret(j) I presaures
rtprof (j)=rtbaseret(j) I temperatures
dok=1,igas
rvmrprof(j,k)=rv1(j,k) ! VMR profilesfor al the gases
end do
do k=1,nselmw
rcprof(j,k)=rcnl(j,k) ! Continuum profilesfor al the MWs
end do
end do

*

* Update tangent altitudes:

doj=1,ilimb
rztang(j)=rztanret(j) I Tangent altitudes
end do

Kkkk

* Chedks whether also previously retrieved VMR profil es have to be used:

*

if (lifvmret) then

*

* We dhedk which are the retrieval s that have drealy been performed:
*
cdl system('ls'//sidir(L:iodl)//*??? dump.dat > dumpli st)
open(37,fil e="dumpli st',status="ol d’)
j=0
16 read(37,(a80)',END=18) sr3
=i+l
k = index(sr3,"_dump")-3
cname(j)=sr3(k:k+11)
goto 16
18 close(37)
cdl system('rm dumpli st’)
inpr=j
write(*,*) The following retrievals have drealy'//
& ' been performed:'
write(*,'(6(a3,2x))")(cname(j)(1:3),j=1,inpr)
write(*,*) The arresponding VMR profileswill be'//
& ‘'used for the arrent retrieval.'
write(*,'(a/)")'(if required 1)’

*

* Reading VMR profil es of previousretrievals:
*

doj=1,inpr
open(34,file=sidir(1:iod)//cname(j),
& form="unformatted',status="old")
read(34) ibase_prv(j)
if(ibase_prv(j).ne.ibaseret) then
write(*,*)’FATAL ERROR: '
write(*,*)'Y ou are trying to use aprevioudy '/
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& 'retrieved VMR profilewhichisnot '
write(*,*) 'in the same grid of p,T retrieved profiles

write(*,*)' --- PROGRAM STOPFED ---'

stop

end if

read(34) igashi_prv(j)

dok=1, ibase_prv(j)
read(34) rvmrbase_prv(k,j)

end do

close (34)

end do
*

* for ead of the gases of the aurrent retrieval chedks whether
* the profil e of the arrent gas has already been retrieved.

* |f yes, the previoudly retrieved profile is used:

*

doj=1,igas
dok=1,inpr
if (igashi_prv(k).eq.igashi(j)) then
write(*,*)'Using previously retrieved profile//
& "in/fcname(k)
dom=1,ipro
rvmrprof(m,j)=rvmrbase_prv(m,k)
end do
end if
end do
end do

end if lend if lifvmret

else I elselifptret
write(*,*)
write(*,'(a)")
& 'Usingtemplates p,T and VMR profilesfor VMR retrieval !
write(*,*)
end if I end if lifptret
*kkk
srl=sgas(im)(1:3)
if(sr1(3:3).eq.' ) sr1(3:3)=""
*
rlambda=rlambdain ! initialisation of Marquardt damping facor
iterg=0 I intiali sation of the Gaussiterations index

*% *% *% *%

* * ** ** ** *% *% ** *%

* Atmospheric continuum profil es are scded and set to zero where

* necessry:
dok=1,ipro
if (rzprof(k).gt.rzc0) then
doj=1,nselmw
rcprof(k,j) = 0.D0
end do
else
doj=1,nselmw
rcprof(k,j)=rcprof(k,j)*1.D30
end do
end if
end do

* Setup of upper continuum limit (nucl) and umbrellaradius:
nucl =0
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doj=L,limb
if(rztang(j).ot.rucl.and.rucl.ge.rztang(j+1)) nucl=j
end do
write(*,'(af5.2,2x,i4,2x,f5.2)")
& 'rucl, nucl, rperc =",rucl,nucl,rperc
* bttt

* Please note that this is only a re-initi ali sation which is not
* to be performed in the operational code:

doj=1,nselmw

dok=L,ilimb

rconint(k,j) = 10.D0

end do

end do
* b+

* bt
open(50,file=sodir(L:iod)//srU/'_rcprof _ref.dat'
& status='unkrmown’)
doj=1,ipro
write(50,'(15e20.5) Y)rpprof(j),(rcprof(j k)
& k=1,nselmw)
end do
close(50)

* bbb+
*

* |nstrumental offset isinitialized to O.
*
dok=1,nselmw
roff s(k)=0.D0
end do

write(*,*)'before sinved_vmr'

cdl sinvcd_vmr(rapodnapodrzerof,rapod_sigma,nail sdp,
& rvcmobinvopt)

cdl sinvcd_mw_vmr(rapod_sigma,nail sdp,rvcmobinvopt,nsel mw,nsam,
& rzerof ,rvcmobinv)

write(*,*)'before occusim'

cdl occusim_vmr(rztang,ili mb,imaingas,| okku,nsel mw,Ifit,
& rbase,rzsi,nsam,igeo,lfitgeo,ipar,iocsim,ili mbmw,
& irowmw,iobs,rzpar)

write(* ,*)'Before gcgeo'
cdl gcgeo_vmr(Ifitgeo,ipar,igeo,lfit,ili mb,nucl,
& igeogder,igeocder)

write(*,*)'before thbase'
cdl chbase vmr(rzprof,rtprof,rpprof ,rvmrprof,rcprof,ipro,igas,

& nselmw,rztang,ili mb,rzpar,ipar,rlat,|fit,

& rzbase,rtbase,rpbase,rvmrbase, rchase,ibase,| parbase)
*
* b+

* Writing out of initial guessVMR and CONTINUUM profil es:
*

open(43file=sodir(L:iod)//srU/"_inguesd_zpv.dat',
& status="'unkrown')
doj = l,ibase

write(43,'(3(1pel2.4)))rzbase(j),rpbase(j),rvmrbase(j, 1)
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end do
close(43)
open(50,file=sodir(L:iod)//srL/
& ' rchase_ing.dat',status="'unkrnown’)
doj=1,ibase
write(50,'(15e20.5)")rpbase(j),(rcbase(j, k), k=1,nsel mw)
end do
close(50)
* bttt

*
write(*,*)'before fail s
cdl fails vmr(nselmw,nail sdp,nrd,rail s,delta,dstep,ril siadd,
& nilsrintil s)

write(*,*)'before grid'
cdl grid_vmr(nselmw,nsam,nrd,dstep,ifspmw,
& iadd,delta,ili ne,dsili n,ioutin,isigma,dsigma)

if (lirrgrid) then
write(*,*)'before read_irrgrid_vmr'
cdl read_irrgrid_vmr(li rrgridmw,smw,nselmw,

& dsigma,isigma,delta,nrd,igeo,iigrid,
& cint,igridc,nused,rsan,ilim,ril s,

& nil s,nsam)

else

doimw=1,nselmw

li rrgridmw(imw)=.false.
end do
end if

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)

write(*,*)'E_Time before read_lookup (s): ',r1
write(*,*)'before read_lookup_vmr'

if (lookupc) cdl read_lookup_vmr(il ookupmw,Imgas,smw,
nselmw,
igasmw,igashi,igasnr,dsigma,isigma,
nil,npl,rpd,

rdpl,ntl,rtll,

rdtl,ru,rkl,iigrid,li rrgridmw,tab)
rdtime = etime(rtar)

rl = rtar(1)+rtar(2) - rl

write(*,*)'E_Time required for read_lookup (s): ',rl

Ro Ro Ro Ro Ro

write(*,*)'before guesgar'
cdl guesgar_vmr(rzbase,rvmrbase,rchase,ibase,nselmw,
&  rzpar,ipar,rztang,ili mb,Ifit,lokku,l parbase,rperc,rconint,
&  rxpar,itop,icontpar,rjacmn,isaved,dstep,nsam,
&  ifspmw,nucl,lcfit,lccmat,ifco,rpbase)
*
* TEP_01 VMR:
if(step.eg.'test’)
cdl tep_01 vmr(ibase,igeo,ipar,igas,ili mb,itop,
nsel mw,igasmw,isigma,igeocder,igeogder,rzbase,
rtbase, rpbase,rcbase,rvmrbase,rztang,rzsi Ifit,
Ifitgeo,l okku,iocsim,rxpar)

Ro Ro Ro Ro

rdtime = etime(rtar)
rl = rtar(1)+rtar(2)
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*

write(*,*)'E_Time before first cdl to fwdmdl_vmr (s): ',r1
write(* ,*)'before fwdmdl'

cdl fwdmdl_vmr(rzsi,igeo,rzbase, rtbase,rpbase,rvmrbase,
rcbase,ibase,rulatm,rwmolref,dsigmo,
rhwOref,rmaxtvl,rmaxtv2,rzt12,rhwvar,
igas,rexphref rinczredfad,rlat,

Ifitgeo,| parbase,nselmwiept,reaad,
deps,isigma,dsigma,delta,iocsim,igasmw,
ruplin,rlolin,ili ne,icode,rint0,rel ow,rhwO,
dsili n,ioutin,igasnr,rexph,rwmol,igashi,

ii so,ninterpal,nsam,nil sril s,rintil s,nrd,
iadd,ili mbmw,lokku,nucl,ili mb,igeocder,
igeogder,rjacon,roff s,rbase,rd ,icontpar,
itglev,rzmod,rtmod,rpmod,rxmod,
ipar,irowmw,

il ookupmw,Imgas,smw,nll ,npl,
rpd,rdpl,ntl,rt1l,rdtl,ru,rki tab,
rjacb,rspfov,iigrid,cint,lirrgridmw,
igridc,nused,rsan,ili m)

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)-r1

write(*,*)'E_Time required for fwdmdl_vmr (s): ',r1

Ro Ro Ro RoRoRoRoRoRoRRR R R R Ro

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)

write(*,*)'before ecdc'

cdl abcdc_vmr(rjaab,rvcmobinv,ra,rbt,iobs,

& itop,nselmw,ili mbmw,nsam,rnoise,ili mb,lokku)
rdtime = etime(rtar)

rl = rtar(1)+rtar(2)-r1

write(*,*)'E_Time required for abcdc_vmr (s): 'rl

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)

write(* ,*)'before difchi'

cdl difchi_vmr(iobs,itop,robs,rspfov,rvcmobinv,rnoise,
& nsam,nsel mwi,ili mb,lokku,

& ili mbmw,iterg,rnres,rchisg,rchisgp)

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)-r1

write(*,*)'E_Time required for difchi_vmr (s): ',r1

write(*,*)'Retrieval of gas:. ',sgas(im)

write(* ,*)'iterg,rchisg=",iterg,rchisq(iterg)

rdtime = etime(rtar)

write(*,*)'E_Time before starting iterations (s): ',
& rtar(1)+rtar(2)

Begin of the do-loop an macro-iterations
do 10iterg=1,imxiterg

rdtime = etime(rtar)
rtit = rtar(1)+rtar(2)  !initialisation of E_Time of the aurrent iteration

write(*,'(/la/al))cl,cl
write(*,'(a,i2/)")'Starting GAUSSmaao-iteration N. ',iterg
write(*,*)' iterg="iterg
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* Begin of the do-loop an micro-iterations
*

do 20iterm=0,imxiterm

write(*,'(ai3)")'Macao-iteration N. ',iterg
write(*,'(a,i2)")'Marquardt micro-iteration index: '
& Jiterm

write(* ,*) 'iterm=',iterm
write(*,'(a,€10.3)")'Lambda = ',rlambda

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)

write(*,*)'before anodif'

cdl amodif_vmr(rarlambda,itop,ipar,icontpar)
rdtime = etime(rtar)

rl = rtar(1)+rtar(2) - rl

write(*,*)'E_Time required for amodif_vmr (s) ='rl1

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)

write(*,*)'before @nvcd'

cdl ainvcd_vmr (ra,itop,rainv)

rdtime = etime(rtar)

rl = rtar(1)+rtar(2) - rl

write(*,*)'E_Time required for ainved_vmr (s) ="',r1

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)

write(* ,*)'before newparest'

cdl newparest_vmr(rainv,rbt,rres,rxparold,itop,iobs,
iterm,rjacob,rxpar,rlinchisg,
rvemobinv,rnoi se,nsam,nsel mwi,ili mbmw,
ili mb,lokku)

rdtime = etime(rtar)

rl = rtar(1)+rtar(2) - rl

write(*,*)'E_Time required for newparest_vmr (s) =',rl1

Ro Ro Ro

*

* Constraining continuum parameters in physicdly meaningu ranges:
*
doj=1,ipar
if (rxpar(j).lt.0.0d0) then
rxpar(j) = 1.0d-10
write(*,*)WARNING: VMR constrained at sweep: ',
end if
end do
doj=ipar+1, ipar+icontpar
if (rxpar(j).lt.1.D-20) rxpar(j)=1.D-20
if (rxpar(j).gt.1.D+20) rxpar(j)=1.D+20
end do

print*,'CHISQ in linea approx. rlinchisg = ',rlinchisq
write(* ,*)'before updprof'

write(*,'(a)")" Actual values of rxpar '

write(*,'(6(1pel2.4))")(rxpar(j),j=1,itop)

cdl updprof_vmr(rxpar,itop,ipar,rzpar,rzbase,

& ibase,rchase,nsel mw,rvmrbase,igas,roffs,

& [ parbase,| okku,ili mb,ili mbmw,icontpar,
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& isaved,nsam,ifspmw,dstep,rjacmn,
& nucl,rpbase)

if(step.eg.'test’)
& cdl tep_06 vmr(ibase,icontpar,igas,nselmw,
& rzbase,|parbase,rchase,roff s,isaved,

& rjacon,rvmrbase)
*

* b+
write(*,*)' rzbase, rtbase, rpbase, ibase = ',ibase
doj=1,ibase
write(* ,*)rzbase(j),rtbase(j),rpbase(j)
end do
write(*,*)' rzsi, igeo ="',igeo
write(*,'(6f10.4)")(rzsi(j),j=1,igeo)

*

* Writing out VMR and CONTINUUM profil es:
*

open(84,file=sodir(L:iod)//srL/
& ' retrb_zpv.dat',
& status="'unknown')
k=0
dom=1,ibase
if (Iparbase(m)) then
k=k+1
rli=rvmrbase(m,1)-sgrt(rainv(k,k))
r2=rvmrbase(m,1)+sgrt(rainv(k,k))
else
r1i=0.D0
r2=0.D0
end if
write(84,'(5(1pel2.4))")rzbase(m),rpbase(m),rvmrbase(m, 1),
& rlir2
end do

close(84)

open(50,file=sodir(L:iod)//srL/

& ' rchase ret.dat',status="'unkrown')
doj=1,ibase

write(50,'(15e20.5)")rpbase(j), (rcbase(j,k) ,k=1,nsel mw)
end do

close(50)

* bbbt

*

rdtime = etime(rtar)
rl = rtar(1)+rtar(2)

write(*,*)'before fwdmdl'

cdl fwdmdl_vmr(rzsi,igeo,rzbase, rthase,rpbase,rvmrbase,
rcbase,ibase,rulatm,rwmolref,dsigmo,
rhwOref,rmaxtvl,rmaxtv2,rzt12 rhwvar,
igas,rexphref rinczredfad,rlat,
Ifitgeo,| parbase,nselmw,iept,reaad,
deps,isigma,dsigma,delta,iocsim,igasmw,
ruplin,rlolin,ili ne,icode,rint0,rel ow,rhwO,
dsili n,ioutin,igasnr,rexph,rwmol,igashi,
ii so,ninterpal,nsam,nil sril s,rintil s,nrd,
iadd,ili mbmw,lokku,nucl,ili mb,igeocder,
igeogder,rjacon,roff s,rbase,rd ,icontpar,

Ro Ro Ro RoRoRoRoRoRoRo




@) IROE

Development of an Optimised Algorithm for Routine p, T
and VMR Retrieval from MIPAS Limb Emisson Spedra

Prog. Doc. N.: TN-IROE-RSA9602
Issue: 3

Date: 07/02/02 Page 245395

Ro Ro Ro Ro Ro Ro

itglev,rzmod,rtmod,rpmod,rxmod,
ipar,irowmw,

il ookupmw,Imgas,smw;,nll,npl,
rpd,rdpl,ntl,rt1l,rdtl,ru,rki tab,
rjacb,rspfov,iigrid,cint,lirrgridmw,
igride,nused,rsan,ili m)

rdtime = etime(rtar)
rl = rtar(1)+rtar(2) - r1
write(* ,*)'E_Time required fwdmdl_vmr (s) =",r1

*

* We save the old residuals:

doj=1,iobs

rnresold(j) = rnres(j)

end do

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)

write(* ,*)'before difchi'

cdl difchi_vmr(iobs,itop,robs,rspfov,rvcmobinv,rnoise,

nsam,nsel mwi,ili mb,lokku,
ili mbmw,iterg,rnres,rchisg,rchisgp)

rdtime = etime(rtar)
rl = rtar(1)+rtar(2) - rl
write(*,*)'E_Time required difchi_vmr (s) =",r1

if (step.eg.'test’)

& cdltep_07 vmr(iobs,iterg,rres,rchisg,

ili mb,nselmw,rchisgp)

write(*,*)'Retrieval of: ',sgas(im)
write(* ,*)'iterg,rchisg=",iterg,rchisg(iterg)

if (iterm.eg.0) then

write(*,*)'before convchk
cdl convchk_vmr(rchisg,iterg,rlinchisg,rxpar,rxparold,
&  ipar,itop,iobs,rlambdarconve(1),rconve(2),rconve(3),

&  lconverg)

if (Iconverg) then
write(*,'(a)") The anvergence caiteria ae now verified,'
& /I'exitingfrom iterations:-) "

goto 30
end if
end if

if (rchisg(iterg).le.rchisq(iterg-1).or.

&

rchisq(iterg).lt.1.0) then

rdtime = etime(rtar)
rl = rtar(1)+rtar(2)
write(*,*)'before ecdc'
cdl abcdc_vmr(rjaab,rvcmobinv,rarbt,iobs,
& itop,nsel mw,ili mbmw,nsam,rnoise,ili mb,lokku)
rdtime = etime(rtar)
rl = rtar(1)+rtar(2) - rl
write(*,*)'E_Time required abcdc_vmr (s) =',r1
rlambda=rlambda/rlambdadiv
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goto 15
else
rlambda=rlambda* (rlambdamul-1.D0)/(1.D0+rlambda)
doj=1,itop
rxpar(j) = rxparold(j)
end do
doj=1,iobs
rnres(j) = rnresold(j)
end do

end if
20 continue
write(*,*) Too many MARQUARDT micro-iterations
write(*,*)' Jumping to next VMR retrieval'
goto 177
15 cdl output_vmr (rxpar,ipar,icontpar,rainv,
& nsam,robs,rspfov,rchisg,iobs,
& itopiterg,iterm,rlambda,rli nchisg,
& ilimb,igeo,nselmw,rchisgp,dab,lokku,.true.,
& Icfit,lccmat,nucl,rvcol rconc,rvemcol ,rvemeonc)
rdtime = etime(rtar)
rtit = rtar(1)+rtar(2) - rtit
write(*,*)'E_Time spent in G. it. ',iterg,' was (): ',rtit

10 continue

*
write(*,'(//ai3/)")'Maximum N. of all owed maao-iterations
& II" has been readed, iterg = ',iterg-1

30 continue

*

write(*,'(a)")'Exited from iterations, producing row the output.'
*

cdl concandcol (rzmod,rtmod,rpmod,rxmod,itglev,igeo,

& Ifitgeo,rzbase,rvmrbase(1,1),ibase,|parbase,rainv,

& rvemceol,rvemconc,rvcol ,rconc)

rdtime = etime(rtar)
rl = rtar(1)+rtar(2)
write(*,*)'before ecdc'
cdl abcdc_vmr(rjaab,rvcmobinv,ra,rbt,iobs,
& itop,nsel mw,ili mbmw,nsam,rnoise,ili mb,l okku)
rdtime = etime(rtar)
rl = rtar(1)+rtar(2) - rl
write(*,*)'E_Time required abcdc_vmr (s) =',rl

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)

write(*,*)'before @nvcd'

cdl ainvcd_vmr (ra,itop,rainv)

rdtime = etime(rtar)

rl = rtar(1)+rtar(2) - rl

write(*,*)'E_Time required ainvcd_vmr (s) =',r1

rdtime = etime(rtar)

rl = rtar(1)+rtar(2)

write(* ,*)'before newparest'

cdl newparest_vmr(rainv,rbt,rres,rxparold,itop,iobs,
& iterm,rjacob,rxpar,rlinchisg,
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& rvcmobinv,rnoi se,nsam,nsel mw,ili mbmw,
& ili mb,lokku)

rdtime = etime(rtar)
rl = rtar(1)+rtar(2) - rl
write(*,*)'E_Time required for newparest_vmr (s) =',r1

*

* Constraining continuum parameters in physicdly meaningu ranges:
*
doj=1,ipar
if (rxpar(j).lt.0.0d0) then
rxpar(j) = 1.0d-10
write(*,*)WARNING: VMR constrained at sweep: ',
end if
end do
doj=ipar+1, ipar+icontpar
if (rxpar(j).lt.1.D-20) rxpar(j)=1.D-20
if (rxpar(j).gt.1.e+20) rxpar(j)=1.D+20
end do

write(*,'(/a)")'Fina estimate of the vedor rxpar:'
write(*,'(6(1pel2.4))")(rxpar(j),j=1,itop)
write(*,'(/a)")'Final estimate of the square erors on rxpar:'
write(*,'(6(1pel2.4))")

& (rainv(j,j),j=1,itop)

write(* ,*)'before updprof'
cdl updprof_vmr(rxpar,itop,ipar,rzpar,rzbase,
ibase,rchase,nsel mw,rvmrbase,igas,roffs,
[ parbase,| okku,ili mb,ili mbmw,icontpar,
isaved,nsam,ifspmw,dstep,rjacmn,
nucl,rpbase)

Ro Ro Ro Ro

*

* b+
open(50,file=sodir(L:iod)//srL/
& ' rchase ret.dat',status="'unkrown')
doj=1,ibase
write(50,'(15e20.5)")rpbase(j), (rcbase(j,k) ,k=1,nsel mw)
end do

close(50)

open(84,file=sodir(L:iod)//srL/

& ' retrb_zpv.dat',

& status="'unkrown')

k=0

dom=1,ibase

if (Iparbase(m)) then
k=k+1
rli=rvmrbase(m,1)-sgrt(rainv(k,k))
r2=rvmrbase(m,1)+sgrt(rainv(k,k))

else
r1i=0.D0
r2=0.D0

end if
write(84,'(5(1pel2.4))" ) rzbase(m),rpbase(m),rvmrbase(m, 1),

& rlir2

end do

close(84)

* bbbt
*
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cdl output_vmr (rxpar,ipar,icontpar,rainv,
& nsam,robs,rspfov,rchisg,iobs,
& itop,iterg,iterm,rlambda,rlinchisg,
& ilimb,igeo,nselmw,rchisgp,dab,lokku,.false.,
& Icfit,lcemat,nucl,rvcol rconc,rvemcol ,rvemeconc)
*

* Writing of vmr retrieved profile into a dump file:
*

open(34,file=sodir(L:iod)//srU/'_dump.dat',

& form="unformatted',status="unknown")

write(34) ibase

write(34) igashi(1)

doj=1,ibase

write(34) rvmrbase(j,1)
end do
close (34)

*

177 continue
*

close fil es asociated with urits form 10 to 30and unit 40
*

* Closingtep files:
if(step.eg.'test’)then
close files asciated with unitsfrom 71to 77
end if

return
end

3.2 VMR retrieval modules architecture and algorithms

In this :dionthe achitedure andthe dgorithms of the VMR retrieval modues are described.

The descriptions foll ow the guidelines explained in Sed. 2.2.

3.2.1 INPUT_VMR

Description: Thisis the subroutine which reads the input files used by VMR retrieval modue. This
subroutine makes also congruity chedks on cata and wsed parameters, bulds memory structures that
will be used later in the program and performs some initialisations. It makes avail able to the other

routines al the variables read from inpu fil es.

The structure of thismodueis draightforward and it is not worth to describe in detail the operations
therein performed. The used FORTRAN code, plenty of comments and self explanatory is reported
in AD7. For completeness we just list in the following the various small sub-modues used by the

‘inpu_vmr’ subroutine.

3.21.1R_OBSERV_VMR

Description: subroutine used to read fil e of observations.
Seethe FORTRAN source @dein [AD7]

3.2.1.2R SETTINGS VMR

Description: subroutine used to read fil e of settings.
Seethe FORTRAN source @dein [AD7]
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3.2.1.3R_MWOCCMAT_VMR

Description: subroutine used to read file of MW occupation matrix.
Seethe FORTRAN source @dein [AD7]

3.2.14R INALT VMR

Description: subroutine used to read fil e of altitudes to which the initial guessprofil es are referred.
Seethe FORTRAN source @dein [AD7]

3.21.5R_INPRES VMR

Description: subroutine used to read fil e of initial guesspresaure profil e.
Seethe FORTRAN source @dein [AD7]

3.21.6 R INTEMP_VMR

Description: subroutine used to read fil e of initial guesstemperature.
Seethe FORTRAN source @dein [AD7]

3.21.7R_INCONT_VMR

Description: subroutine used to read fil e of observations.
Seethe FORTRAN source @dein [AD7]

3.2.1.8R SPECT VMR

Description: subroutine used to read fil e of spedroscopic database.
Seethe FORTRAN source @dein [AD7]

3.21.9WMOL_VMR

Description: Initialisation d the moleaular isotope weights.
Seefortran source @dein [AD7].

3.21.10 INIGAS_VMR

Description: Initialisation d the variables 'igas, igashi,igasmw,igasnr' that define the two internal
gas codes. Seepar. 2.2.1.10and the fortran source @dein[ AD7].

3.21.11 R_INVMR_VMR

Description: subroutine used to read file of initial guessVMR profil es.
Seethe FORTRAN source @dein [AD7]

3.21.12 UPLIMIT_VMR

Description: It controls whether the variable ‘rulatm’, that represents the upper limit of the
atmosphere, is both greaer than the highest simulated geometry and lessthan the highest point of
theinitial profiles. Seethe fortran source ®@dein [AD7]

3.21.13R_APOD_VMR

Description: subroutine to read fil e of apodsation functionin the interferogram domain.
Seethe fortran source ®dein [AD7]




Development of an Optimised Algorithm for Routine p, T
@ IROE and VMR Retrieval from MIPAS Limb Emisson Spedra

Prog. Doc. N.: TN-IROE-RSA9602
Issue: 3

Date: 07/02/02 Page 250395

3.2.1.14 SKIP_VMR

Description: subroutine to skip comment lines on real files convention is that: at least one
comment line gpeas before aread statement last comment line starts with a darader ‘# in

column 1. Seethe fortran source @dein [AD7]

3.2.2 SINVCAL_VMR
For the description d thismodue seesedion 2.2.2.

3.2.3 SINVCAL_MW_VMR
For the description d thismodue seesedion 2.2.3.

3.23.1VCMEX VMR
For the description d thismodue seesedion 2.2.3.1.

3.2.4 VINVCAL_VMR
For the description d thismodue seesedion 2.2.4.

3.2.5 OCCUSIM_VMR
For the description d thismodue seesedion 2.2.5.
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3.2.6 GCGEO

Description: Determination d the vedors igeogder and igeocder, that relate to ead simulated
geometry the parameter levels which have to be mnsidered for the derivatives (i.e. the parameter
levels where a tange of the parameter influences the spedrum).

Variables exchanged with external modules:

Name: Description:

Ifitgeo logicd vedor that istrueif a simulated geometry is also a parameter-level
i par number of parameter levels

igeo number of simulated geometries

Ifit logicd vedor that istrueif an olservational level is also a parameter level
ilimb number of measured geometries

nucl nucl+1 = upper parameter level for continuum fit

igeogder for eadr simulated geometry j the highest (igeotder(j,1)) and lowest
(igeotder(j,2)) parameter level which has to be cnsidered for the vmr-
derivatives

igeocder for ead simulated geometry | the highest (igeocder(j,1)) and the lowest
(igeocder(j,2)) parameter level which has to be onsidered for the
continuum-derivatives

Module structure
1.Calculation d igeogder
2.Calculation d igeocder

Detail ed description

1.Calculation d igeogder:

The highest parameter level influences all simulated geometries:
For 1 < jgeo < igeo:

igeogder(jgeo,l) =1

The lowest parameter level that influences the smulated geometry is the one of the geometry
itself, if the geometry is aso a parameter level. If the geometry is no parameter level, the
parameter level below is used (if it exists).

For 1<jgeo <igeo:

Court the parameter levels up to jgeo:
mpar=0
For 1 < kgeo < jgeo:
iIf [Ifitgeo(kgeo)]: mpar=mpar+1

If the geometry jgeo is a parameter level:
if [Ifitgeo(jgeo)]: igeogder (jgeo,2)=mpar
if jgeo isno parameter level:
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else
if mpar isnat equal to the total number of parameter levels:
if [mpar = ipar]: igeogder(jgeo,2)=mpar+1
if mpar isequal to the total number of parameter levels:
if [mpar = ipar]: igeogder (jgeo,2)=mpar

2.Calculation d igeocder:

2.1 Determination d the highest derivative to be cdculated for continuum
kd=0
Begin loopl onlimb observations jcl=1, ...,ilimb
Begin condtionl: if Ifit(jcl) = TRUE then
kd=kd+1
Begin condtionll if jcl > nucl then
Begin loopll onsimulated geometries kgeo=1, ...,igeo
igeocder (kgeo,1) = kd
Endloopll onsimulated geometries
goto (**)
Endif condtionll
Endif condtion|
Endloopl onlimb observations
(**) continue

2.2 Determination d the lowest derivative to be cdculated for continuum
Begin loopl onthe simulated geometries. jgeo = 1, ...,igeo-1
mpar = 0
Begin loopll onthe simulated geometries: kgeo = 1, ...,jgeo+1
if Ifitgeo(kgeo) = TRUE mpar=mpar+1
Endloopll onthe simulated geometries
igeocder (jgeo,2) = mpar
Endloop| onthe smulated geometries

3.2.7 CHBASE_VMR

Description: Is the same & modue CHBASE_PT, bu here we set istart = 0 at step 2 (see
Sed.2.2.7).

3.2.8 FAILS_VMR
For the description d thismodue seesedion 2.2.8.

3.2.9 GRID_VMR
For the description d this modue see sedion 2.2.9.
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3.2.10GUESSFAR_VMR

GUESSRAR_VMR]
I(----LININT_VMR *
((----MWCONT_VMR *
(----FICARRA_VMR *
l((--BLIND_VMR *

Description: Thismodue buildstheinitial guessof the vedor rxpar which contains the parameters
that are going to be fitted in VMR retrievals.

Variables exchanged with external modules:

Name Description

rzbase rzbase(imxpro) = altitude of the base-levels

rvmrbase rvmrbase(imxpro,imxgas) = VMR profil es of the different gases

rchase rchase(imxpro,imxmw) = continuum on the base-levels for eadh MW

ibase ibase = number of base-levels

nselmw nselmw = total number of seleded microwindows for the retrieval

rzpar rzpar(imximb) = vedor of the dtitudes where the temperature profil e is fitted

ipar ipar = number of parameter-levels (i.e. N. of elements of rzpar vedor)

rztang rztang(imxgeo) = vedor containing the engineeaing values of tangent altit udes.

ilimb ilimb = number of measured geometries

Ifit Ifit(imxImb) = These aelogicd vedors that identify the levels

lokku lokku(imxgeo,imxmw) = occupation matrix used for the seledion of operational MW's for
ead observation geometry

Iparbase Iparbase(imxpro) = logicd vedor which identifies the dtitudes where the T profile is
fitted, among the dtitudes rzbase.

rperc rperc = maximum relative (with resped to rconint) distance between central frequencies of
two microwindows which are defined as close-close ones for the definition of continuum
emisson

rconint rconint(imxImb,imxmw) = frequency range aound each MW, for ead sweeg tangent
altitude, in which the ontinuum can be mnsidered as varying linealy.

rxpar rxpar(imxtop) = vedor of the fitted parameters

itop itop = total number of parametersto be fitted

icontpar icontpar = total number of continuum parametersto be fitted

rjacon rjacon(imxpro*imxmw,imxcop) = jacobian matrix for the derivative of the wntinuum
base-level values with resped to the continuum parameters

isaved isaved(imxsav) = vedor containing al the necessary quantities for the reconstruction of
continuum profil es performed by ficarra subroutine

dstep dstep = distance between coarse-wavenumber grid pants [cm-1]

nsam nsam(imxmw) = number of sampling paintsin ead MW (general coarse grid)

ifspmw ifspmw(imxmw) = index of the first sampling point of ead MW
* NOTE: the sampling point at frequency=0 has index=1

nucl nucl = number of limb geometries to be skipped before starting continuum fit; numbering
starts from top.

I cfit I cfit(imxgeo,imxmw) = continuum occupation matrix

Iccmat Iccmat(imxgeo,imxmw)= logicd matrix identifying altitudesMWs where the continuum is
asaumed to be equal to its value & aneighbouring MW,

ifco Switch for enabling off set or off set and continuum fit.

rpbase rpbase(imxpro) = presaire a the base-levels
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Algorithm Description

Starting from the initial guessof VMR and continuum profil es, the initial guessof the vedor rxpar
of the fitted parameters is evaluated. The total number of fitted parameters (itop) and the total
number of continuum fitted parameters (icontpar) are evaluated as well .

Detail ed description

The modue proceals in the foll owing steps:

o Forj=1,...,ipar, rxpar(j) is %t equal to the VMR of the main gas rvmrbase(k,1) at the tangent
altitudes of the sweegps which correspondto fitted pants in the VMR profile. These sweeps are
identified, among all the fitted sweeps, by a TRUE element in the vedor Ifit. Sorting is aways
from top.

e subroutine MWCONT_VMR iscdled: the vedor rcpar of the continuum parametersto be fitted
iscopued as well asicontpar that isthe total number of continuum fitted parameters. The integer
vedor isaved is also computed.

¢ subroutine FICARRA VMR is cdled: it rebuilds continuum profiles garting from the vedor
rcpar and the integer vedor isaved, it computes also the jacobian matrix rjaccon which contains
the derivatives of the different points in the cntinuum base-profiles with resped to the
continuum fitted parameters.

o Forj=ipar+1, ...,ipar+icontpar, rxpar(j) is %t equal to rcpar(j-ipar)

e For j=ipar+icontpar+1, ...,ipar+icontpar+nselmw, rxpar(j) is st equal to zero. Such elements
of rxpar refer indeed to the instrumental off sets whose initial guessis suppacsed to be egual to
zero.

e jtopisthen computed as:

if ifco=0 --->itop= ipar
if ifco=1--->itop= ipar + icontpar
if ifco=2--->itop= ipar + icont[ar + nselmw

e itop is then chedked and if itop > imxtop (imxtop is a parameter contained in

‘parameters_vmr.inc’) afatal error is produced and the program is dopped.




@) IROE

Development of an Optimised Algorithm for Routine p, T
and VMR Retrieval from MIPAS Limb Emisson Spedra

Prog. Doc. N.: TN-IROE-RSA9602
Issue: 3

Date: 07/02/02 Page 255395

3.2.11 FWDMDL_VMR

Description

This program modue is used to cary-out the folw of the cdl s reported in the following diagram:

| MKPLEV_VMR

v

| CONLAY VMR

v

| POINT_ VMR

v

| CURGOD_VMR

v

DO imw=1,nselmw

v

| CROSS_VMR

v

\ SPECTRUM_VMR

v

| FOV_VMR

v

| JACSETMW_VMR

v

| ADDOFF_VMR

v

END DO ON imw

e At the end d this flow the ‘model’ VMR profile of the main gas of the retrieval is copied in the

rxmod vedor:

doj=1l,lev

rxmod(j)=rmrmod(j, 1)
end do

Variables exchanged with external modules:
Please refer to the cdli ng instruction reported in Sed. 3.1 d the present document.
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3.211.1 MKPLEV_VMR

MKPLEV_VMR
(----CHECK ]
[((?--CHECK ]
[((?--LININT *
I((((-LININT *
(((+ESPINT *
(((+GRAVITY *
(((+GRAVITY *

Description: builds the layering of the a@mosphere that allows the caculation d the radiative
transfer integral .

Variables exchanged with external modules:

Name Description

rzs rzsi(imxgeo) = tangent altitudes of the geometries to be smulated

Igeo Igeo = number of simulated geometries

rzbase rzbase(imxpro) = dtitude of the base-levels

rtbase rtbase(imxpro) = temperature of the base levels

rpbase rpbase(imxpro) = pressure on the base-levels

rvmrbase rvmrbase(imxpro,imxgas) = volume mixing ratio of the gases on the
base levels

Ibase ibase =number of base-levels

rulatm rulatm = upper limit of the amosphere

rwmolref rwmolref = moleaular weigth o the gas that has been seleded as a
referencefor building the levels.

dsigmO dsigm0 = Centre frequency of the line seleded as a reference for
buil ding the levels.

rhwOref rhwOref = half-width of the line seleded as a reference for building the
levels.

rmaxtvl rmaxtvl = max. alowed temperature variation (K) between two
neighbouing levels, when the lower level islocated below rztl2.

rmaxtv2 rmaxtv2 = max. alowed temperature variation (K) between two
neighbouing levels, when the lower level islocated above rzt12.

rztl2 rzt1l2 = dtitude (km) where the temperature thresholds rmaxtvl and
rmaxtv2 are exchanged.

rhwvar rhwvar = max. allowed half-width variation d the seleded reference
line between two neighbouing levels.

igas Igas = total number of diff erent gases

rexphref rexphref = exporent for the cdculation d Lorentz h-w for the line
seleded as areferencefor buil ding the levels.

rincz rincz = guessadltitude increment (km) used for building the levels above
the highest smulated geometry.

redfad redfad = reduction fador applied to 'rincz when it produces nat
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accetable P levels abowve the highest simulated geometry.

rlat rlat = adual latitude (degrees)

Ifitgeo Ifitgeo(imxgeo) = logicd vedor which identifies the simulations which
correspondto afitted pdant in the T profile, anong al the smulations to
be performed.

rzmod rzmod(imxlev) = heights of model levels used for the radiat. transf. cdc.

rpmod rpmod(imxlev) = presaure on model levels used for the radiat. transf.
cdc.

rtmod rtmod(imxlev) = temperature on model levels used for the radiat. transf.
cdc.

rmrmod rmrmod(imxlev,imxgas) = volume mixing ratio for ead gas considered
in adual retrieval on model levels used for rad. tra. cdc.

ilev ilev = number of model levels (for rad. trans. cdculation)

itglev itglev(imxgeo) number of the tangent-level for ead geometry

iderlay iderlay(imximb,3) highest (x,1), lowest (x,3) and midd e (x,2)

(the one diredaly abowe the 'derivated' layer) which is affeded by eah
derivative (imximb refers to the parameter-levels)

i par ipar = number of altit udes where the temperature profil e isfitted.

Algorithm Description

Modue structure

The modue proceals a ong the foll owing steps:

1. Building of the levelslocated between the lowest and the highest simulated geometries

2. building of the levels locaed above the highest simulated geometry,

3. interpadlation d temperature and VMR profil es to the dtitude levels generated in steps 1. and 2.,
determination d presaure a the generated levels,

4. cdculation d itglev,

5. cdculation d iderlay.

Detail ed description
Step 1 Building of the dtitude levels located between the lowest and the highest smulated
geometries.
First of al the dtitudes rzsi (tangent atitudes of the simulated geometries) are taken as levels
(main-levels). Then, starting from low altitudes (from rzsi(1)) the coupes of neighbouing main-
levels are processed by CHECK subroutine which establishes, by cheding pre-defined criteria,
whether the two considered levels can be acceted. If the two levels are acceted, then the next
coupe of levelsis chedked, aherwise sub-levels are generated using the foll owing procedure:
Let'scdl rzl andrz2 the dtitudes of the two considered main-levels that canna be
acceted,
isublev =1 (sub-level index)
(**) logic =.TRUE.
start loop onsub-layers lying between the two considered main-levels. j=1, ...jsublev+1
rzin=rz1 + (j-1)*[(rz1-rz2)/(isublev+1)]
rz2n=rz1 + j*[(rz1-rz2)/(isublev+1)] (Generated sub-level)
CHECK the woupe of levelsrzln,rz2n: the result of CHECK modueis dored in
the logicd variable Ichedk
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logic =logic .and. Ichedk

endloop

if logic =.TRUE. then accept the generated sub-levels and proceal to consider the next

coupe of main-levels.

if logic =.FALSE. then set isublev = isublev + 1 and pocee to (**).
After this gep, ead tangent atitude of the smulated geometries has assciated its own level;
furthermore, equispacal levels can exist between the tangent atitudes. The generated sub-levels
allow to properly model the amosphere dso in the regions where the @mospheric properties have a
large variation in the scde of the distance between the tangent atitudes of two neighbouing
simulated geometries.

Step 2 building of the levels locaed above the highest simulated geometry.
Let’s dart from the tangent altitude of the highest simulated geometry rzsi(igeo). New levels located
abowve rzsi(igeo)are generated using the foll owing algorithm:
rz1 = rzsi(igeo)
(+) rz2 =rz1+rincz
rz1 andrz2 are then processed by CHECK:
if the dhedk is succesul then:
rz2 isacceted asanew leve,
rzl1=rz2,
rincz is %t equal toitsinitial value,
ifails=0,
proceel to (+).
else
ifals=ifals+1
rincz = rincz / (redfad * ifails)
procee to (+)
endif

The aowe procedure is gopped when the new generated level is higher than the upper limit of the
atmosphere increased o the value of rincz (rulatm+rincz); the level higher than (rulatm+rincz) is
nat included in the generated set of levels, bu the cdhedk with (rulatm+rincz) instead of rulatm
asaures that the layering is built onthe overall range of the amosphere to be cnsidered.

All the obtained levels are then sorted starting from high atitudes and recorded in the vedor
rzmod(imxlev); the total number of levelsisrecorded in the variableilev.

Genera remark: during steps 1 and 2, whenever a new level is built, the total number of generated
levels is chedked and if this number is greder than the parameter imxlev then, the thresholds
rmaxtvl, rmaxtv2 and rhwvar are multiplied by afador 1.1 and the procedure is restarted from step
1.. Before «iting, the procedure restores the initial values of the threshalds, so that next time the
modue is cdled, the right value of the threshdlds is used. At the last cdl of the forward moddl, if
different threshalds, with resped to the user-defined ores are used, a warning is produced by the
main program. This feaure avoids the production d alarge number of levels during the iterations of
the retrieval, when the temperature profile can be redly distorted with resped to its red shape, and
no very acarate simulations are required.

Step 3 interpolation d temperature and VMR profiles to the dtitude levels generated in steps 1.
and 2.Computation d presaure & the dtitudes rzmod.
The following operations are performed at this gep:
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e For ead altitude of the veaor rzmod, the crrespondng temperature rtmod is obtained by linea
interpalation (in the dtitude domain, using LININT) between the dements of temperature profil e
rtbase(imxpro) which are referred to the dtit udes rzbase(imxpro).

e For eadt dtitude of the vedor rzmod, the crrespondng VMR of al the ansidered gases
rvmrmod(imxlev,imxgas) is obtained by linea interpdation (in the dtitude domain, uwsing
LININT) between the dements of VMR profil es rymrbase(imxpro,imxgas) which are referred to
the dtit udes rzbase(imxpro).

e Rebuilding of presaure profilei.e. cdculation o presaure & the rzmod altit udes.

The presaure mrrespondng to the lowest level rzmod(ilev) is computed using exporentia
interpolation (ESANT) from the presaure profil e rpbase(imxpro) which is referred to the dtitudes
rzbase(imxpro).

The subsequent elements of rpmod are then computed using hydrostatic equili brium law, as foll ows:

rpmod(i — 1) = rpmod(i)* exp{— rmowvr * graVItt_y(z rlat)* Az ]

I
where:

Z = [rzmod(i — 1)+ rzmod(i)]/ 2

Az, = rzmod(i — 1) — rzmod(i)

t. =[rtmod(i — 1) + rtmod(i)] / 2

rmovr is a parameter, (seedescription d parameters.inc)

gravity(Z,rlat) js computed by ‘GRAVITY’ function,
I rangesfrom ilev, .to..., 2.

Step 4 cdculation d itglev.

itglev is an integer vedor which indicates, for eaty simulated geometry, the index of the tangent
level. itglev(i) = ] means that the tangent level of the i-th smulated geometry is the level number j;
remember that the numbering of the levels garts from high altitudes.

Step 5: cdculation d iderlay.
For ead fitted parameter we cdculated first iderlev which is defined as:
iderlev(j,1) is the first (highest) level where the VMR profil e of the main gas is modified dwe to the
variation d the j-th fitted pant z
iderlev(j,3) is the last (lowest) level where the VMR profile of the main gas is modified dwe to the
variation d the j-th fitted pant
iderlev(j,2) is the central level where the VMR profile of the main gas is modified dwe to the
variation d the j-th fitted pant; i.e. iderlev(j,2) = itglev(1())).
Afterwards iderlay is computed as herewith described:

begin loop on @rturbations j=1,ipar

iderlay(j,2)=iderlev(j,2)-1
endloop on perturbations

iderlay(1,D) =1
iderlay(1,3) = iderlay(2,2)

loop on mrturbations j=2,ipar-1
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iderlay(j,1) = iderlay(j-1,2+1
iderlay(j,3) = iderlay(j+1,2)
endloop on grturbations

iderlay(ipar,1) = iderlay(ipar-1,2) + 1
iderlay(ipar,3) =ilev - 1
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3.211.2 CHECK_VMR

CHECK_VMR]
[----PTFROMZ_VMR *

Description: This modueis used by MKPLEV_VMR to ched whether two neighbouing levels
can be acceted. Thisis dore by evaluating the temperature and the Voigt line-width variation for a
seleded referenceline, going from one level to the other.

Variables exchanged with external modules:

Name: Description:

rzl rz1 = dtitude (km) of thefirst considered level
rz2 rz2 = dtitude (km) of the seaondconsidered level
rtprof rtprof(imxpro) = adual temperature profil e

rpprof rpprof(imxpro) = adual pressaure profile

rzprof rzprof(imxpro) = dtitudes to which rtprof and rpprof are referred.

Ipro number of elementsin the profil es rpprof, rtprof, rzprof

rwmolref | rwmolref = moleaular weigth of the gas that has been seleded as a
referencefor building the levels.

dsigm0 | dsigmO = Centre frequency of the line seleded as a reference for building
the levels.

rhwOref | rhwOref = half-width of the line seleded as a reference for building the
levels.

rmaxtvl |rmaxtvl = max. alowed temperature variation (K) between two
neighbouing levels, when the lower level islocated below rztl2.

rmaxtv2 | rmaxtv2 = max. dlowed temperature variation (K) between two
neighbouing levels, when the lower level islocaed above rzt12.

rztl2 rztl2 = dtitude (km) where the temperature thresholds rmaxtvl and
rmaxtv2 are exchanged.

rhwvar rhwvar = max. alowed half-width variation d the seleded reference line
between two neighbouing levels.

Ichedk Ichedk = logicd variable output of the modue. If Iched is returned TRUE
the dheds have been successul

rexphref | rexphref = exporent for the cdculation o Lorentz h-w for the line seleded
as areferencefor building the levels.

rlat rlat = adual latitude (degrees)

Ifirstcal | Ifirstcdl = logicd variable that indicates whether this is the first time that
CHECK modueiscdledinthe arrent run d MKPLEV_PT.

Detailed description

The dhedks proceea along the foll owing steps:
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Theinternal variable rmaxtv is st equal to rmaxtvl if rz1 < rtz12 otherwise rmaxtv = rmaxtv2.
e Thevariables|check Icheckl andIcheck areinitialised to TRUE.

e Temperature and pesaure mrrespondng to the dtitudes rz1l and rz2 are evaluated using
PTFROMZ_VMR modue. The temperatures of the two levels rz1 and rz2 are stored
respedively in the variables rtempl and rtemp2, whil e the presaures are stored respedively in the
variables rpresl and rpres2.

e Thetemperature variation between the two levelsis chedked:
if [rtempl— rtemp2 < rmaxtv then set Icheckl = FALSE

e Dopper and Lorentz haf-widths rhwd, rhwl of the selecel reference line ae then evaluated at
thetwo levels:
rhwd1=dsigm0*3.581047d7*sgrt(rtemp1/rwmolref)
rhwd2=dsigm0*3.5810347d 7*sgrt(rtemp2/rwmol r ef)
rhwl 1=rhwOref* (r presl/rpOh)* (rtOhrtempl1)** rexphref
rhwi2=rhwOref* (r pres2/rpOh)* (rtOh/rtemp2)** rexphref

e TheVoigt half-widths rhwv are then given by:
rhwvl = 0.5 *rhwil * 1.0686215708754 sqrt(rhwl1*rhwi1*0.216866444+ rhwd1*rhwd1l)
rhwv2 = 0.5 *rhwi2 * 1.0686215708754 sqrt(rhwi2*rhwi2*0.216866444+ rhwd2*rhwd2)

e Theratio rhwrat between the two half widthsis then:
rhwrat = abs(rhwv2 / rhwvl)

e The ded onthe haf-widthsisthen performed:
if rhwrat < 1 then set rhwrat=1./rhwrat
if rhwrat > rhwvar then Icheckl = FALSE

e Theresult of the cdhedk isthen stored in Icheck
Icheck= IchecKlL .and. Icheck?.
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3.211.3 JACSETMW_VMR

Description

For the ad¢ual microwindow the VMR derivatives are written into the jacobian matrix.

The derivatives of the speda with resped to the fitted continuum parameters are cdculated by
multiplicaion d the derivatives ‘rcderfov’ (with resped to the parameter-levels) with the
derivatives ‘rjacon’ of the continuum on the parameter-levels with resped to the fitted continuum
parameters

Variables exchanged with external modules:

Name Description

imw number of the ad¢ual microwindow

ilimbmw | number of valid measured geometries per microwindow

| par number of parameter-levels

nsam number of sampling pointsin eath Mw (general coarse grid)

lokku occupation matrix used for the seledion d operational Mw's for ead
observation geometry

nucl nucl+1 = upper parameter level for continuum fit

ilimb number of measured geometries

rgderfov | derivate with resped to vmr after fov convdution

rcderfov derivate with resped to continuum after fov convdution

icontpar total number of continuum parametersto be fitted

rjacan jambian matrix for the derivative of the ntinuum parameter-level
values with resped to the continuum parameters

irowvmw the row of the Jacobian matrix where the ad¢ual mirowindow starts
rjacb Jambian Matrix

1st index: observations

2ndindex: parameters

|parbase |parbase(imxpro) = logicd vedor which identifies the dtitudes where
the T profil e isfitted, among the dtitudes rzbase.

Ibase ibase =number of base-levels

Module structure

1. Writing the VMR derivatives into the Jacobian matrix

2. Multiplicaion d the 'locd’ continuum derivatives with the @ntinuum jacbian matrix and
writi ng the result into the Jacbian matrix

3. Writing the instrumental off set derivatives into the Jacobian matrix

Detail ed description

Before describing the single steps of the wmde we give an owerview of the structure of the
Jambioan matrix which is the matrix of the derivatives of all observations with resped to all
parameters:
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microwindow (jmw=1...nselmw)
geometry (kgeo=1...ilimbmw(jmw) )

N
LN

Observations (1...iobs)

..nsam(1)

..nsam(1)
..nsam(1)

...nsam(1)
.nsam(2) |

..nsam(2) -

...nsam(2)

...nsam(3)

...nsam(3)
...nsam(4)

...nsam(4)

Parameters (1...itop)

spectral grid point (Isig=1...nsam(jmwy))

VMR of the Continuum  Instrumental
main gas parameters  offset
(1...ipar) (1...icontpar) (1.

..nselmw)

1. Writi ng the vmr derivatives into the Jacobian matrix:

For al parameter levels1 < jpar <ipar:

The adual column o the parameters for the temperature derivativesis:

[col=jpar

andthe starting row is:
[row=irowmw(inmw)
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Then for all geometries 1 < kgeo < ilimbmw(imw) and all frequency grid pants 1 < Isig <

nsam(imw):
rjacob(Irow,lcol)=rgderfov(lsig,kgeo,jpar)
[row=Irow+1

3. Multiplication d the 'locd' continuum derivatives with the @ntinuum jacobian matrix and

writi ng the result into the Jacohian matrix:

Begin loopl on continuum parameters: jpar=1,...jcontpar
[col=ipar+jpar
[row=irowmw(imw)

Begin loopll onthe goeometries of the arrent MW: kgeo=1,.. jli mbrmw(imw)

Begin looplll onfrequency: Isig=1, ..., rsam(imw)
m3=0.
r1=0.
BeginlooplV onthe‘base’ levels. ml=1, ...,ibase
if (Iparbase(ml))then
m3=m3+ 1
m2=(imw-1)*ibase+ ml
r1=r1+rcderfov(lsig,kgeo,m3)* rjaccon(mz,jpar)
endif
EndlooplV onthe‘base’ levels
rjacob(lrow,lcol)=r1
Irow=Irow+1
Endlooplll onfrequency
Endloopll on geometries of the aurrent MW
Endloop!| on continuum parameters

4. Writi ng the instrumental off set derivatives into the Jacbian matrix:
The derivatives with resped to the instrumental continuum are equal to 1.
The olumn where the derivatives are written for the adual Mw is:
[col=ipar+icontpar+imw

The starting row is: Irow=irowmw(imw)

Then, for al geometries 1 < kgeo < ilimbmw(imw) and all frequency grid pdnts 1 < Isig <

nsam(imw):
rjacob(Irow,lcol)=1
[row=lrow+1
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3.2.11.4 CURGOD_VMR

CURGOD VMR

|-----DREFIND_VMR >
((---QSIMP6
|----DREFIND_VMR
|---DFUNC1_VMR
[>-----DLIM_VMR
[-----GRAVITY
|----TRAPZ6_VMR]
(----PTNMRFROMZ_VMR *
|----DREFIND_VMR
|---DFUNC1_VMR
[>-----DLIM_VMR
[-----GRAVITY

Description
This subroutine performs the ray-tradng for the different observation geometries (sweep) and
cdculates:

1.

2.

for al the pairs geometry-layer:

the wlumn of al the gases (rcol) that have to be taken in acourt in the adua retrieval

the ar column (raircol)
the length o the opticd path (ropath) in the layer

the derivative of the main gas column with resped to VMR (in ppm);

and, orly for asub-set of the passble ‘paths', the IAPT-numbers (seesubroutine point):
the equivalent presaure (in Curtis-Godson meaning) (rpeq) for al the gases (IAP)

the equivalent temperature (rteq) for al the gases (IAT)

For some explanations of the reasons of the doices implemented in this modue, refer to T.N. on
‘High Levéd algorithm definition and physical and mathematical optimisations (TN-IROE-
RSA9607), sed. 6.1and 6.2.

Variables exchanged with external modules

Name Description

Igeo Total number of simulated geometries
| par Total number of altitudes where the temperature profil i sfitted
ilev Total number of atmospheric levels

tangent level.

itglev Vedor that associates to ead geometry, the a@rrespondng number of the

(imxlmb refers to the parameter levels)

iderlay | iderlay(imximb,3): highest (x,1), lowest (x,3) and midde (x,2) (the ore
diredly abowve the 'derivated' layer) layer which is affeded by ead derivative

ipoint Matrix of |APT-number
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igas Total number of gasesin the seleded MW

romod | rpmod(imxlev): pressure on levels used for the radiat. transf. cdc.

rtmod rtmod(imxlev): temperature onlevels used for the radiat. transf. cdc.

rzmod | rzmod(imxlev): heights of levels used for the radiat. tranf. cdc.

rmrmod | rmrmod(imxlev,imxgas): volume mixing ratio for eat gas considered in
adual retrieval onlevelsused for rad. transf. cdc.

reaad eath radius

rlat latitude of the adual limb-scan [deg.]

deps degreeof acarracy required for the cdculation d Curtis-Godson integrals
rpeq rpeq(imxpat,imxgas) implemented atmospheric (equivalent) presaures

(IAPs)

rteq rteq(imxpat,imxgas)  implemented atmospheric (equivaent) temperatures
(IATS)

rcol rcol (imxlay,imxgeo,imxgas) columns for ead layer, eat geometry and ead
gas

raircol raircol (imxlay,imxgeo) air-column for ead layer and ead geometry

ropath | ropath(imxlay,imxgeo) opticd path lenght for ead layer, ead geometry

rpartgde | rpartgder(imxlay,imxgeo,2) derivatives of the main gas column with resped
r to VMR [moled(cm”™2*ppm)]
_rpartgder(x,y,1): derivative with resped to the value of VMR

onthe parameter-level below the layer;
_rpartgder(x,y,2): derivative with resped to the value of VMR

onthe parameter-level abowve the layer

rtmain | rtmain(imxpat) Curtis-Godson equivalent temperature (IAT) of the main
gas

Module structure:
1. Initialisation d some variables.
Begin loop 1 wer all the simulated geometries
2. Cdculation d the number of layers correspondng to the mnsidered geometry,
tangent altitude and Snell’ s law constant.
Begin loop 2 wer layers of the actual geometry
3. Ched if the adual combination geometry-layer (‘path’) corresponds
to anew IAPT number.
4. Preparation d the inpus for subsequent cdculation d the integrals
Begin loop 3 wer retrieval parameters
5. Determination d the parameters that affed the clumn dof the
adua ‘path’ and cdculation d the heights of correspondng
levels.
Endloop 3
Begin loop 4 wer all the gasesin seleded microwindows
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6. Definition d VMR of the adua gas onthe boundaries of the
layer
7. Calculation d the following integrals:
e gas column for al the ‘paths’ (combination d layer and
geometry);
e air column and peth length for all the paths (this
cdculationisindependent onthe gas, so it is performed
only oncein the do-loop onthe gases);
e |APTs.
e derivative of the main gas column with resped to VMR
onthe parameter-level above the layer
8. Calculation and storage of required quantities and
determination d the main gas equivalent temperature
Endloop 4
Endloop 2
Endloop 1
Begin loop 5 onsimulated geometries
Begin loop 6 orthe layers abovethe hightest retrieval parameter
9. Cadculation d the derivatives of the amlumns with resped to VMR for these particular
layers
Endloop 6
Begin loop 7 orthe layers below the lowest retrieval parameter
10. Caculation d the derivatives of the mlumns with resped to VMR for these
particular layers
Endloop 7
Endloop 5

Detail ed description:
1. Initialisation d variables
The pointer of matrix ipoint, iponew, is %t equal to 0(see3.).

loop 1 wer all the simulated geometries
kgeo=igeo—1
We start from the lowest geometry (igeo) in order to read matrix ipoint in the appropriate way.

2. Calculation d some variables.

_Determination d the number of layers for the adual geometry (ilayge=itgle\kgeo)-1).
_Determination o the tangent altitude referred to the surface of the eath Iy
(dtand=rzmod(ilayge+ 1)) and to the centre of the eath Ry (dtan_GC=rearad+dtand).

(In the following R will i ndicate aparticular altitude referred to the cantre of the eath, r the same
altitude referred to the surfaceof the eath.)

_Calculation d the constant in Snell’s law:

dsnellc= Rr - n(rr).
Therefradiveindex at dtitude r isafunction d presaure p and temperature T at that altitude.
It is cdculated by the function drefind_vmr (T,p).

loop 2 e all thelayea's to be mnsidered for each geometry
lay=1—itgleMkgeo)-1
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3. Che if the ad¢ual combination geometry-layer (‘path’) correspondsto a new |APT-number
For the atual combination geometry-layer, a ded is performed in order to establish whether
equivaent presaure and temperature have to be cdculated or naot.

Only if the IAPT-number ipoint (lay,kgeo) is greaer than iponew, the pointer iponew is updated
to the value of ipaint (lay,kgeo) andthe logicd variable Iflag passes from false to true.

4. Preparation d the inputs for subsequent integration

This ®dion peparestheinpusto modue gsimp6_vmr that will compute the integral's.
dalay=rzmod(lay+1), dta=rtmod(lay+1), dpa=rpmod(lay+1) and dblay=rzmod(lay),
dtb=rtmod(lay), dpb=rpmod(lay) are respedively the heights (referred to the surface of the
eath), the temperatures and the presaures on the lower and Hgher boundary of the layer.

Theintegration variable x used for subsequent integralsis. X = -/ RZ— R% .
So, the heights referred to the centre of the eath of the boundxries of the layer (da_Oand db_0
are used for cdculating the limits of integration for the adual |ayer:

dxa=-/da_0%—dtan_0? and dxb=-/db_0? — dtan 02.

loop 3 we retrieval parameters
jpar=2—ipar

5. Determination d the parameters that affed the wlumn of the adual ‘path’ and caculation
o the heights of correspondng levels.

Since VMR behaviour inside eab layer is obtained by making an interpolation from the values
of the VMR on the two parameter levels between which the layer is locaed, the @lumn
correspondng to a particular ‘path’ is affeded by the diange of VMR only on the two nea
parameter levels. Besides, since VMR is interpdated linealy, so that the main gas column is
given by the fo(ll owing expresson:

db}ay X4(dzup) + X4 (dzdown)
LXl( dzdown) + dzup — dzdown

)

-(z-dzdown) |- P(2) (O, dz(for cleaness
dalay T(z) dz

we have asumed that the integration variable is the dtitude z instead o the red integration
variable x),

the derivatives of the column with resped to VMR are given by:

column =

ocolumn ¢ ay( z— dzdown j_P(z) ds

cooum. _ 8z
oX4(dzup) ~ ga ay dzup-dzdown) T(z) dz
pcolumn WY z—dzdown ) P(z) ds . A column
= I - . -——-dz=daircoll -———————~
oXx;(dzdown) 4 ay\  Ozup—dzdown T(z) dz ox4(dzup)

(for the meaning of daircoll seebelow).

We have obtained that, since daircoll is computed, ony the cdculation d the derivative of the
column with resped to the VMR on the parameter-level just above the layer is necessary, the
other being derivated by this one.

Given the layer lay, the parameter-level jpar is determined so that:

iderlay(jpar -1, 2) <lay <iderlay( jpar, 2).

Date: 07/02/02 Page 269395
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When the previous inequality is verified, the logicd variable Ider passes from false to true and the

heights correspondng to the parameter-level s between which the layer islocaed are determined:
dzdown= rzmod(iderlay( jpar, 2) +1), dzup= rzmod(iderlay( jpar —1, 2) +1).

For some layers it can happen that this inequality is never verified, in this case austomised

cdculations are performed in sedions 9. and 10.

loop 3 e theall the gasesin the seleded microwindows
jgas=1—igas

6. Definition d the VMR of the gas on the boundries of the layer
dmra=rmrmod(lay+1,jgas) and dmrb=rmrmod(lay,jgas) are the VMRS of the at¢ua gas on the
boundxries of the layer.

7. Cdculation d the equivalent values by means of integration along the line of sight.

The modue qsimp6_vmr (dalay, dxa, dday, dxb, da, db, dpa, dpb, dra, dnrb, dsnellc,
dtan_0O,rearad, rlat, deps, dcoll, daircoll, dopahl, dtl, dpl, ddercol, jgas, Iflag, Ider, dzdown)
performsthe caculation d all the required integrals.

8. Cadculation and storage of required quantities and set-up o the main gas equivaent
temperatures

The @lumn (in number of moleaules per square cettimeter) of the adua path is finaly
cdculated and stored:

rcol(lay, kgeo, jgas) = dcoll - rk-1076,
rk is a parameter contained in the file ‘ parameters.inc’ and the factor 10° is due to the fad that
the VMRs are real from inpu in parts per milli on (ppm).
If logicd variable Iflag is true, the equivaent presaure (in mbar) and temperature (°K) are
normali sed and stored:

: : dpl
rIOGQ('ponew, Jgas) = deoll

. . dtl
rteq(iponew, jgas) = dooil

If jgas=1, then
the ar column, the path-length, the temperature of the main gas, the
derivative of the main gas column with resped to VMR are cdculated.

In fad, being the ar column (in number of moleaules per square
centimeter) and the path length (in km) independent on the gas, inside the loop onthe gases
they have to be cdculated orly once (jgas=1).

raircol =daircoll -rk ,
ropath(lay, kgeo) = dopathl ,
rtmain(i ponew) = rteg(iponew, jgas)

Besides, sincethe main gas has always locd code equal 1 in eah
retrieval, the temperature of the main gas and the derivatives of the main gas column with
resped to VMR are cdculated orly in this case.
rtmain(iponew) = rteq(iponew, jgas)
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If Ider istrue, then
the derivative of the alumn with resped to VMR onthe
parameter-level just above the layer and to the VMR onthe
parameter-level just below the layer are cdculated (in moleaules per square cantimeter and
per ppm) and stored respedively in rpartger (lay,kgeo,2) and rpartger (lay,kgeo,1):
ddercol - rk -107°
dzup—dzdown

rpartger (lay,kgeol) = raircol 1076 - rpartger (lay,kgeo,2)

rpartger (lay, kgeo,2) =

Loop 5 onsimulated geometries
kgeo=1—igeo

Loop 6 onthe layers abovethe hightest retrieval parameter
lay=1— iderlay(1,2)

9. Calculation d the derivatives of the awlumns with resped to VMR in this particular case

The derivatives of the column correspondng to layers above the highest parameter-level (jpar=1)
and below the lowest parameter-level (jpar=ipar) require austomised computations, becaise on the
levels above the highest parameter-level and below the lowest parameter-level the value of VMR is
scded acording to the variation-fador of the VMR respedively on the highest parameter-level and
the lowest parameter-level.

The derivative of the amlumn with resped to the highest parameter level is sSmply given by:

rcol(lay, kgeo, 1)
rmrmod(iderlay(1, 2)+1, 1)’

rpartgder (lay, kgeo,1) =

while rpartger (lay,kgeo,2) is =t to 0.

Loop 7 onthe layers below the lowest retrieval parameter
lay=iderlay(ipar,2)+1 — itgleMkgeo)-1

10. Calculation d the derivatives of the wlumns with resped to VMR in this particular case
The derivative of the alumn correspondng to the layers below the lowest parameter-level with
resped to the lowest parameter level is sSmply given by:

rcol(lay, kgeo, 1)
roormod(iderlay(ipar, 2)+1 1)’

rpartgder (lay, kgeo,2) =

while rpartger (lay,kgeo,l) is =t to 0.

3.2.11.5 QSIMP6_VMR & TRAPZ6_ VMR

(---QSIMP6_VMR
|-----DREFIND_VMR +
|-----DFUNC1_VMR >
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Description
Starting from:

TRAPZ6_VMR
(----SQRT *
(----PTNMRFROMZ_VMR
|  -}--DREFIND_VMR +
(----DFUNC1_VMR >

¢ thelimits of integration dxa and dxb,

¢ the value of temperature, presaure (and consequently of refradive index) and VMR of the adual
gas onthe boundhries of the layer,

¢ theinterpdationlaw in altitude of al these quantiti es inside the layer,

these two modues can cdculate six different numericd integrals: dcoll, dd, dt, darcall,
dopahl and ddercol. According to the value of the logicd variables Iflag and Ider, some of them
arenot cdculated.

Variables exchanged with external modules

Name: | Description:

dalay altitude of the lower boundary of the layer

dxa lower limit of integration

dblay altitude of the higher boundary of the layer

dxb higher limit of integration

dta temperature crrespondng to the lower boundiry of the layer

dtb temperature crrespondng to the higher boundry of the layer

dpa presaure correspondng to the lower boundiry of the layer

dpb presaure correspondng to the higher boundry of the layer

dmra VMR correspondng to the lower boundry of the layer

dmrb VMR correspondng to the higher boundary of the layer

dsnellc | Snell’slaw constant

dtan_0 | tangent dltitude referred to centre of the eaith

reaad eath radius

rlat latitude

deps required acairagy for the integrals cdculation

dcoll returned column o this path (to be moved to the doisen
measurement units)

daircoll | returned air density (to be multiplied by parameter rk)

dopathl | returned path lenght (in km)

dtl returned equivalent temperature (to be normali sed)

dpl returned equivalent presaure (to be normali sed)

ddercol | returned derivative of the main gas column with resped to VMR

jgas adual gas number (locd code)

Iflag logicd variable: only when it is true, the equivalent presaure and
temperature have to be cdculated

|der logicd variable: it is true when the not-perturbed profils are
considered. Only when it istrue the ar column and the path lenght
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have to be cdculated.
dzdown | height of the parameter level just below the mnsidered layer

Module structure:
See'Numericd Redpesin FORTRAN’ [RD2], pag. 130:133.

Detail ed description:

The structure of this modue is exadly the same of the one reported on ‘Numericd Redpes in
FORTRAN’, pag. 130133, with the exception that more than ore integra (a maximum of six
integrals) are cdculated at the same time.

In particular, the integrals are computed in numerica way using Simpson rule: in the implemented
method, the trapezoidal ruleisrefined urtil aspedfied degreeof acaracy deps has been achieved.

The integrals cdculated by gsimp6_vmr andtrapz6_vmr modues are the foll owing:

1 deoll = :J:Xgas(r(x))- ?Em; -gi- dx

2, dpl = :i:XgaS(r(x))-W-gj dx

3. dtl = :i:)(gas(r(x))- p(r(x))-g)s(- dx

4. daircoll = :i:?ﬁ:&;; -S)S(- dlx

5. dopathl = szgi- dlx

6. ddercol = :I::(r(x) _ dzdown) - fg:&;; -g)s(- dx

In these integrals the integration variable x, is given by:
x=-/R%— R% :
ds
&-dx represents the increment along the line of sight s, refradive index dependent,
X gas(r(x)), pr(x)), T(r(x)) represent respedively the gas VMR, pressuire and temperature

behaviour asafunction d the integration variable x.

The values of presaure, temperature, VMR, refradive index at a particular height r correspondng to
the particular x is computed by the modue
ptnmrfromz_vmr (dz1, dday, dta, dpa, anra, dday, dtb, dpb, dnrb, dt1, dpl, dmrl, drefindl).
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The function dfuncl_vmr(dx,drefr,dsnellc,dtan_0,daay, dta, dpa dblay,dtb,rlat) cdculates

ds
the value of & at the dtituder.

The caculation d some of the integralsis boundto the value of the logicd variables Iflag and |der.
In particular, integral no.lis always cdculated, integrals no. 2and 3are cdculated orly if logicd
variable Iflagis true, integrals no. 4and 5are cdculated orly if jgasis equal to 1 and integral no. 6
is cdculated orly if jgas=1 and Ider is true, so the relative outputs of this modue have meaning
only when these mndtions are verified.

Actualy, in order to reduce the number of ‘if-condtions’, the cdculation are performed for all the
integrals, while the acarracy criteria ae thedked only for the required integrals.

3.2.11.6 DFUNC1 VMR
For the description d thisfunction,see2.2.11.7.

3.211.7DLIM_VMR
For the description d thisfunction,see2.2.11.8.

3.2.11.8 DREFIND_VMR
For the description d thisfunction,see2.2.11.9.

3.2.11.9 PTNMRFROMZ VMR
For the description d thisfunction,see2.2.11.10.

3.211.10 FOV_VMR

FOV_VMR
(((+MAXO *
[((+MINO *
I(((+ABS*
(((+FOV3_VMR
| (-—-INTCON>
(((+FOV5_VMR
| (-—-INTCON>
|----FOV4_VMR

|(----INTCON >

Description

Field of View convdution is performed in analyticd way by determining first the spedrum, as a
function d dtitude, interpolated between a given number of spedra simulated at different discrete
tangent heights, then convdving this function with the antenna pattern of the field of view FOV(2)
(a symmetricd trapezium-shape function with greaer base equal to rbase and the half-difference
between the two bases equal to rsl):
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SF(o,2) =90, p(2)* FOV(2).

Sinceinterpaationis performed by determining the poynomial that passes through a given number

of paints, the order of the padynomia is dependent on the number of spedra & discrete tangent

altitudes that are cwnsidered.

In general, spedrum interpolation arounda particular tangent atitude is performed using a seand

order paynomial passng through the three spedra @rrespondng to that atitude and the two red

contiguous tangent atitudes (that, naminaly, are 3 km distant). But in some particular cases, in

presence of sharp variations in VMR, additional simulated spedra between the nominal tangent

altitudes are neaded to perform a good interpolation, hence interpaation is performed using more

than 3 spedra.

All these deasions have been taken in occusim_vmr modue, the am of this modue is just to

define, starting from the matrix iocsim, for ead tangent altitude in corresponcdence of which an

observation exists, which and hav many spedra have to be taken in acourt for building the

interpolation aroundthat altitude.

The procedure used, for ead tangent altit ude whose spedrum corresponds to an observation, isthe

following:

1. to see whether the two adiacent geometries are distant more than rbase (the interval in which
convdutionis performed)

2.if 1. is verified, to seeif these two tangent adiacent tangent atitudes are symmetricd with
resped the central tangent altit ude where FOV convdutionis required.

3. if 2.isverified, interpodationis performed with thase 3 spedra

4. if 2. is not verified, tangent altitudes contiguous to the previous ones are hedked, and spedra
correspondng to tangent atitudes as ymmetrica as possble ae doisen: aso in this case,
interpolationis however performed with 3 spedra

5. if 1.isnat true, the tangent levels next to the ones adiacent to the central altitude ae cnsidered:
if we ae nea the borders, an interpdation with a third order paynomial is built (4 spedra),
otherwise 5 spedra ae cnsidered and aforth order polynomial is determined.

When this choice has been taken, the mntribution o the field of view to spedra (rspct)
correspondng to the observed ores, to the derivatives of the spedrum with resped to continuum
(rspctcder) and to the derivatives of the spedrum with resped to VMR is computed by cdling
modues fov3_vmr, fov4_vmr, fovs_vmr.

For some explanations of the reasons of the choices implemented in this modue, refer to T.N. on
‘High Leve algorithm definition and plysical and mathematical optimisations’, (TN-IROE-
RSA9607), par. 6.6.

Variables exchanged with external modules:

Name | Description

Igeo total number of simulated geometries
locsim | iocsim(imxgeo,imxmw): occupation matrix for the simulations to be
performed

=0 nosimulationrequired,
= 1 simulation required withou FOV
= 2 simulation required with FOV
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itglev itglev(imxgeo): number of the tangent-level for ead geometry

rspct rspct(imxi,imxgeo): low-resolution spedrum withou FOV

rspctede | rspeteder(imxi,imxgeo,imximb) convdved continuum derivative spedra for
r eat geometry and ead parameter level

rspetgd | rspetgder(imxi,imxgeo,imximb): derivatives of the spedrum with resped to
er VMR withou FOV

nsam nsam(imxmw): n. o sampling pointsin ead MW (coarse grid)

imw number correspondng to the a¢ual microwindow

rzmod | rzmod(imxlev): heights of levels used for the radiat. tranf. cdc.
rbase greder base of the trapezium that approximates the antenna pattern o FOV

rd hal f- diff erence between the two bases of the trapezium

igeocde | igeocder(imxgeo,?): for ead geometry the highest (x,1) and lowest (x,2)

r continuum derivative (in the parameter-grid) which hasto be cdculated

igeogde | igeogder(imxgeo,2): for eat simulated geometry the highest (x,1) and lowest

r (x,2) parameter for which the derivatives of the spedra with resped to VMR
are cdculated

rspfov | rspfov(imxi,imxgeo,imxmw): simulated spedra arrespondng to the diff erent
tangent presaures and dfferent microwindows on the frequency coarse grid: (

rspct * FOV)
rcderfo | rederfov(imxi,imxgeo,imximb) derivate with resped to
v continuum after fov convdution
rgpertfo | rgpertfov(imxi,imxgeo,imximb) derivatives of the spedrum with resped to
v VMR after fov-convdution

Module structure:
1. Inizidisation o the output variables and cdculation d the aea of the trapezium that
approximates FOV antenna pattern.
Begin loop 1 onsimulated geometries
Begin condtion 1 the spedrum simulated at the actual geometry corresponds  to an
observationfor the actual microwindow
2. Definition d the tangent altitude of the adual spedrum and o the four contiguous
spedra; evaluation d the distance between upper and lower tangent heights.
Begin condtion 2 the distance between two contiguols tangent
heightsis > rbase
3. Evaluation d the distance between central and upper tangent height
(rdiff1) and ketween central and lower tangent height (rdiff2); setting of the inpu
variables for fov3_wmr.
Begin condtion 3 the upper andlower levdsare not
symmetrical with resped to the center
Begin condtion 4 the upper tangent leve is more
distant than the lower one with resped to central height
4. Evauation d the distance between central level and
the seaondtangent level below it.
Begin condtion 5 the seamndtangent levé
below the central levd (if it exists) andthe levé
aboveit are not symnetrical
5. Warning messge
Else ondtion 5
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6. Setting of some of the input variables for fov3_wumr.
End condtion 5
Else oondtion 4
7. Evauation d the distance between central level and
the seaondtangent level aboweit.
Begin condtion & the seandtangent leve
abovethe central leve (if it exsts) andthe levée
aboveit are not symnetrical
8. Warning message
Else oondtion 6
9. Setting of some of the input variables for fov3_wvmr.
End condtion 6
End condtion 4
End condtion 3
10. Interpdation d the spedrum and spedrum derivatives using the
threepreviously determined spedra and convdution with the FOV function.
Else ondtion 2
Begin condtion 7 if both the secondtangent leves below the
central levd and abwe exst
11.Interpdation d the spedrum and spedrum derivatives
using the five previously determined spedra and convdution with the FOV
function.
Else ondtion 7
Begin condtion 8 the secondtangent leves below the
central levd doesnaot exst
12. Theinterpdationis performed with 4 spedra:
setting of some of theinpu variablesfor fov4 vmr
Else oondtion 8
13.Theinterpdationis performed with 4 spedra:
setting of some of the inpu variables for fov4_vmr
End condtion 8
14.Interpdation d the spedrum and spedrum derivatives
using the four previously determined spedra and convdution
with the FOV function.
End condtion 7
15.Warning message if a particular condtionis verified.
End condtion 2
End condtion 1
Endloop 1

Detail ed description:

1. Iniziadisation d the output variables and cdculation d the aea under the trapezium that
approximates FOV.

All the dements of matrices rspfov, rcderfov, rgderfov are set equal to 0.

Besides, the variable iactugeo, that counts the number of the geometries correspondng to
observationsin the adual MW, is st equal to 0.

The FOV function is represented by a symmetricd trapezium-shape function whose greder base is
rbase and the half-diff erence between the two basesisrsl.
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Hence the aeaunder this trapezium functionis given by:
rarea=rbase-rsl.

Loop 1 ove the simulated geometries
jgeo=2—igeo -1
Geometry no.1 and noigeo do na surely correspondto olservations.

Condtion 1

This condtion checks the walue of the iocsim natrix for the given MW and the given geometry
(remember that thismodueislocated in aloop on # the seleded MW\s).

If iocsim(jgeo,imw) is equd to 2, it means that the simulated spedrum we are @nsidering
corresponds to an olservation, renceit will be cnvolved with FOV function.

If that condtionis nat verified, dl the calculations for taking in acocourt FOV are skipped andthe
subsequent spedrumis andysed.

Let’s consider the ase in which iocsim(jgeo,imw) = 2; then:

2. Definition d the tangent altitudes of the adual spedrum and d the four contiguous gedra,
above and below; evaluation d the distance between upger and lower tangent heights.
The @urter of the observed geometries in the adual MW iactugeo isincreased o 1 unt.
Determination d the tangent dtitude (rztan=rzmod(itglejgeo))) of the spedrum we ae
considering.
Determination d the tangent altitudes of the two contiguous fedra: the @owve spedrum,
charaderised by the geometry jgeoup=jgeo-1, has tangent dtitude rztanup=rzmod(itglewWjgeoup))
and the one below, charaderised by the geometry jgeodonn=jgeo+1, has tangent altitude
rztandovn=rzmod(itglejgeodown)).
Determination d the tangent atitudes of the second tangent level, bah above aad kelow the
considered ore. Note that the tangent altitudes of these spedra caina be defined when we ae nea
the borders: in this case we force their value to the last passble one in arder to avoid someif's, but
when this condtionis nat verified they will however never be used as the mde will chedk for their
significant.
The second spedrum abowve the ceitra one, charaderised by the geometry jgeoup2=jgeo-2, has
tangent atitude rztanup2=rzmod(itgleymax(1,geoup?)) and the second kelow, charaderised by
the geometry jgeodonn2=jgeo+ 2, has tangent atitude

rztandovn2=rzmod(itgle\min(jgeodonn2 jgeo))).
Calculation d the distance between the tangent altitudes correspondng to geometries jgeoup and
jgeodown: rdiff=rztanuprztandown.

Condtion 2

rdiff >rbase

In this case the mnvolutionrange is all contained between jgeodowvn andjgeoup the only problem
isthat jgeodown andjgeoup can be asymnetrical with resped to jgeo, andthisis not good kecause
interpolationisworse in this case.

3. Evaluation d the distance between central and upger tangent height (rdiff1) and between centra
and lower tangent height (rdiff2); setting of the inpu variables for fov3 wmr.

We cdculate:

rdiff lI=rztanupZrztan

rdiff2=rdiff-rdiff1
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We dso set theinpu variables for fov3_vmr that will be used if condtion 3will result not verified:
iargumd=jgeoupl

rargums= rztanupl

iargum6=jgeodonnl

rargum7= rztandonvnl

Condtion 3

rdiff2 < 2-rpar or rdiffl < 2-rpar
and

[rdiff2-rdiff1| > rpar

rpar isa parameter contained in the file ‘ parameters.inc’

If this condtion is verified, either the upper or the lower leve represents a tangent altitude
correspondng to an olservation, the other is an addtiond geometry. A symnetrical interpolation
is preferred.

Condtion 4
rdiff1> rdiff2

4. Evauation d the distance between central level and the seaondtangent level below it.
We set:
rdiff2= rztan-rztandown

Condtion 5
jgeodown2> igeo or \rdiffz-rdiffﬂ > rpar

5. Warning messge

It isnat pasgble to perform symmetricd interpolation: the interpolation will be performed using the
threespedradefined in 3.

Message: ‘ Asymmetricd interpolation for the lowest geometry’

6. Setting of some of the input variables for fov3_vmr.

Spedrum correspondng to geometry jgeodown2 is used: the inpus for fov3_vmr different from the
onesin 3.are set:

iargum6=jgeodonn2

rargum/=rztandovn?2

7. Evaluation d the distance between central level and the seaondtangent level aboweit.
We set:
rdiff1= rztanup2rztan

Condtion 6
jgeoup2<1 or |rdiff2 - riffl > rpar

8. Warning message
It isnot passble to perform symmetricd interpolation: the interpolation will be performed using the
threespedradefinedin 3.
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Message: ‘ Asymmetricd interpolation for the highest geometry’

9. Setting of some of the input variables for fov3_wmr.

Spedrum correspondng to geometry jgeoup?2is used: the inpus for fov3_vmr different from the
onesin 3.are set:

iargumd=jgeoup?2

rargums=rztanup?2

10. Interpdation d the spedrum and spedrum derivatives using the three previously determined
spedra and convdution with the FOV function.

FOV convdution is performed cdling modue fov3_vmr (iactugeo, imw, jgeo, rztan, iargumy,
rargumb, iargum6, rargum7, rspct, rspctcder, rspctgder, nsam, rbase, rsl, rspfov, rcderfov,
rgderfov, igeocder, igeogder, rzc, rarea)

Condtion 7

jgeodown2<igeo and jgeoup2>1

11.Interpoation d the spedrum and spedrum derivatives using thefive previously  determined
spedra and convdution with the FOV function.

FOV convdution is performed cdling modue fov5_vmr (iactugeo, imw, jgeo, rztan, jgeoupl,
rztanupl, jgeodonnl, rztandonvnl, jgeoup?2, rztanup2, jgeodonn2, rztandovn2, rspct, rspctcder,
rspctgder, nsam, rbase, rsl, rspfov, rcderfov, rgderfov, igeocder, igeogder, rzc, rarea)

The distance rdist between the tangent altitudes correspondng to jgeoup2 and jgeodownn2 is then
cdculated.

Condtion 8
jgeodown2 > igeo
We @annd use the seaond spedrum below the central one, so we shall use four sets of data.

12. The interpdation is performed with 4 spedra setting of some of the inpu variables for
fov4 vmr

We set the inpusto modue fov4 _vmr

iargum2=jgeodonnl

rargum3=rztandovnl

iargumd=jgeoupl

rargumb=rztanupl

iargum6=jgeoup2

rargum7=rztanup2

The distance rdist between the tangent altitudes correspondng to jgeoup2 and jgeodownl is then
cdculated.

13. The interpdation is performed with 4 spedra setting of some of the inpu variables for
fov4d _vmr

In this case we caana use the second spedrum abowve the central one, so the inpus to modue
fov4_vmr are:

iargum2=jgeodonn2

rargum3=rztandovn?2

iargumd=jgeodonnl
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rargumb=rztandovnl

iargum6=jgeoupl

rargum/=rztanupl

The distance rdist between the tangent altitudes correspondng to jgeoupl and jgeodownn2 is then
cdculated.

14.Interpdation d the spedrum and spedrum derivatives using the four previously  determined
spedra and convdution with the FOV function.

FOV convdution is performed cdling modue fov4 vmr (iactugeo, imw, jgeo, rztan, iargumz,
rargum3, iargum4, rargumb, iargume, rargum?, rspct, rspcteder, rspctgder, nsam, rbase, rsl,
rspfov, rcderfov, rgderfov, igeocder, igeogder, rzc, rarea)

15.Warning message if a particular condtionis verified.
If rdist < rbase, amessageiswritten: ‘Warning: extrapaation hes been performed’

3.211.11 FOV3_VMR

Description: After performing the interpdation in altitude between the spedra & three ontiguous
tangent altitudes, this modue cdculates the analytica convdution d the interpolated spedrum with
the FOV function. This procedure is repeded for the derivatives of the spedrum with resped to
continuum and the derivatives of the spedrawith resped to VMR.

Variables exchanged with external modules

Name Description

ladugeo locd courter of the geometries of the acual MW correspondng to the
observations

imw number of the ad¢ual microwindow

jgeo adual index of simulated spedrum

rztan tangent altitude of the spedrum of which we ae cdculating convdution
with FOV.

jgeoup index of the geometry above the mnsidered ore

rztanup tangent altitude arrespondng to geometry jgeoup

jgeodown | index of the geometry below the wnsidered ore

rztandown | tangent altitude crrespondng to geometry jgeodoan

rspct rspct(imxi,imxgeo): low-resolution spedrum (rsp * ILS)

rspctcder rspcteder(imxi,imxgeo,imximb):  the onvdved continuun derivative
spedrafor eat geometry and ead parameter level

rspctgder | rspectgder(imxi,imxgeo,imxlmb):  low resolution spedra for the perturbed
temperature profil es

nsam nsam(imxmw): no. d sampling pointsin ead MW (coarse grid)

rbase greder base of trapezium-shape that approximates Field of View pattern

rsl half-diff erence between the bases of the trapezium (1/rgl gives the slope)

rspfov rspfov(imxi,imxgeo,imxmw): simulated spedra @rrespondng to the
different tangent presaures and dfferent microwindows on the frequency
coarse grid: ( rspct * FOV)
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rcderfov rcderfov(imxi,imxgeo,imxIimb) derivate with resped to continuum

after fov convdution

rgderfov rgderfov(imxi,imxgeo,imximb)  temperature-perturbed spedra dter fov-
convdution

igeocder igeocder(imxgeo,?): for ead geometry the highest (x,1) and lowest (x,2)
continuum derivative (in the parameter-grid) which hasto be cdculated

igeogder igeogder(imxgeo,?): for eah simulated geometry the highest (x,1) and
lowest (x,2) parameter with resped to which the derivatives of the spedra
(VMR) are cdculated

rzc atitude in correspondcence of which the cnvdution with the FOV is
cdculated
rarea areaof the trapezium that approximates antenna pattern of FOV

M odule structure:

1. Definition d the vedor rxa containing the tangent heights of the spedra used for the interpalation

Begin loop 1 ornthe frequencies of the actual MW

2. Definition d the vedor rya containing the values of the spedra wrrespondng to rxa for

the adual frequency.

3. Interpdation d the spedrum, analyticd convdution and namali sation

4. Storage of the caculated value in the vedor rspfov .

Begin loop 2 onthe cntinuum parameters that affed the spedrum

correspondng to geometry jgeo

5. Definition d the vedor rya containing the values of the derivatives
with resped to continuum correspondng to rxa for the acual frequency.
6. Interpdation d the continuum derivatives, analyticad convdution

and namalisation
7. Storage of the cdculated value in the vedor rcderfov.
Endloop 2

Begin loop 3 onthe VMR parameters that affed the spedrum

correspondng to geometry jgeo

8. Definition d the vedor rya containing the values of the derivatives

with resped toVMR correspondng to rxa for the adual frequency.

9. Interpdation d the continuum derivatives, analyticad convolution

and namalisation
10. Storage of the cdculated value in the vedor rgderfov.
Endloop 3

Endloop 1

Detail ed description

1. Definition d the vedor rxa containing the tangent heights of the spedra used for the interpdation

The vedor rxa is st-up with the tangent altitudes of the spedra cnsidered for the interpolation,

starting from the lowest tangent altit ude.

Begin loop 1 onthe frequencies of the actual MW
jSig=1— nsam(imw) ,
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nsam(imw) is total number of sampling pointsin MW imw.

2. Definition d the vedor rya containing the values of the spedra @rrespondng to the tangent
dtitudes contained in rxa for the adual frequency.

The vedor rya isfill ed with the values of the three ©nsidered spedra a the frequency jsig:
rya(1)=rspct(jsig,jgeodown), rya(2)=rspct(jsig,jgeo), rya(3)=rspct(jsig,jgeoup).

3. Interpdation d the spedrum, analyticd convdution and namalisation
All these operations are performed by cdling modueintcon (rxa, rya, 3,rbase, rsl, rarea, rzc, rp)

4. Storage of the cdculated value in the vedor rspfov .
rspfov(jsig, iactugeo,imw)=rp.

Begin loop 2 onthe ontinuum parameters that affed the spedrum correspondng to geometry jgeo

jpar = igeocder(jgeo,1) — igeocder(jgeo,2)

The inpus of this dion ae, for each olbserved geometry, all the derivatives of the correspondng
spedrumwith resped to the cntinuum parameters that affed it:

rspctcder (jsig,jgeo,jpar);

igeocder(jgeo,1) and igeocder(jgeo,2) represent respedivdy the highest and lowest parameter
leved, whase value of continuum affeds the spedrum correspondng to the geometry jgeo.

All these quartities haveto be cnvolved with the FOV function, so the operations from 2. to 4. ae
repeated for the matrix rspctcder (jSig,jgeo,jpar).

5. Definition d the vedor rya containing the values of the derivatives with resped to continuum
correspondng to rxa for the ad¢ual frequency.

The vedor rya is st-up with the values of the three ©nsidered continuum derivatives at the
frequency jSig:

rya(1)=rspctcder (jsig,jgeodonn jpar),

rya(2)=rspctcder (jsig,jgeo,jpar),

rya(3)=rspctcder (jsig,jgeoupjpar).

6. Interpdation d the ontinuum derivatives, analyticd convdution and namali sation
See3.

7. Storage of the cdculated value in the vedor rcderfov.

rcderfov(jsig, iactugeo,imw)=rp.

Beqgin loop 3 orthe VMR parameters that affed the spedrum correspondngto geometry jgeo
jpar=igeogcer(jgeo,1) — igeogder (jgeo,2)

The inpus of this dion ae, for each olserved geometry, all the derivatives of the correspondng
spedrumwith resped to the VMR parameters that affed it:

rspctgder (jsig,jgeo jpar);

igeogder(jgeo,l) and igeogder(jgeo,2) represent respedivey the highest and lowest parameter
leved, whase value of continuum affeds the spedrum corr espondng to the geometry jgeo.

All these quartities have to be cnvolved with the FOV function, so the operations 2. and 3. ae
repeated for the matrix rspctgder (jsig,jgeo,jpar).
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8. Definition d the vedor rya containing the values of the derivatives of the spedra with resped to
VMR correspondng to rxa for the adual frequency.

The vedor rya is st-up with the values of the three onsidered perturbed spedra & the frequency
J90:

rya(1)=rspctgder (jsig,jgeodown jpar),

rya(2)=rspctgder(jsig,jgeo jpar),

rya(3)=rspctgder (jsig,jgeoupjpar).

9. Interpdation d the cntinuum derivatives, analyticd convdution and namali sation
See3.

10. Storage of the caculated value in the vedor rgderfov.
rgderfov(jsig, iactugeo,imw)=rp.

3.211.12 FOV4_VMR

Description

This modue performs the same operations as modue fov3_vmr, bu the interpdation is performed
using 4 spedrainsteal of 3.

After the interpalation in altitude between the spedra & four contiguous tangent altitudes, this
modue performs the analyticd convdution d the interpoated spedrum with the FOV function.
This procedure is repeded for the derivatives of the spedrum with resped to continuum and the
derivatives of the spedrawith resped to VMR.

Variables exchanged with external modules

Name | Description

ladugeo locd courter of the geometries of the acual MW correspondng to the
observations

imw number of the ad¢ual microwindow

jgeo adual index of simulated spedrum

rztan tangent altitude of the spedrum of which we ae cdculating convdution
with FOV.

jgeol index of the lowest considered geometry

rztanl tangent altitude rrespondng to geometry jgeol

jgeo2 index of the geometry above jgeol

rztan?2 tangent altitude @rrespondng to geometry jgeo2

jgeo3 index of the geometry above geometry jgeo2

rztan3 tangent altitude rrespondng to geometry jgeo3

rspct rspct(imxi,imxgeo): low-resolution spedrum (rsp * ILS)

rspctcder rspcteder(imxi,imxgeo,imximb):  the onvdved continuun derivative
spedrafor eat geometry and ead parameter level

rspctgder | rspetgder(imxi,imxgeo,imxlmb):  low resolution spedra for the perturbed
temperature profil es

nsam nsam(imxmw): no. d sampling pointsin ead MW (coarse grid)

rbase greder base of trapezium-shape that approximates Field of View pattern

rsl half-diff erence between the bases of the trapezium (1/rdl gives the slope)
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rspfov rspfov(imxi,imxgeo,imxmw): simulated spedra rrespondng to the
different tangent presaures and dfferent microwindows on the frequency
coarse grid: ( rspct * FOV)

rcderfov rcderfov(imxi,imxgeo,imxIimb) derivate with resped to continuum
after fov convdution

rgderfov rgderfov(imxi,imxgeo,imximb)  temperature-perturbed spedra dter fov-
convdution

igeocder igeocder(imxgeo,?): for ead geometry the highest (x,1) and lowest (x,2)
continuum derivative (in the parameter-grid) which hasto be cdculated

igeogder igeogder(imxgeo,?): for eah simulated geometry the highest (x,1) and
lowest (x,2) parameter with resped to which the derivatives of the spedra
(VMR) are cdculated

rzc atitude in correspondcence of which the cnvdution with the FOV is
cdculated

rarea areaof the trapezium that approximates antenna pattern of FOV

M odule structure:

1. Definition d the vedor rxa containing the tangent heights of the spedra used for the interpaolation
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Begin loop 1 onthe frequencies of the actual MW

2. Definition d the vedor rya containing the values of the spedra wrrespondng to rxa for

the adual frequency.
3. Interpdation d the spedrum, analyticd convdution and namalisation
4. Storage of the caculated value in the vedor rspfov .

Begin loop 2 onthe mntinuum parameters that affed the spedrum
correspondng to geometry jgeo

5. Definition d the vedor rya containing the values of the derivatives
with resped to continuum correspondng to rxa for the adual
frequency.

6. Interpdation d the continuum derivatives, analyticd convdution
and namalisation

7. Storage of the cdculated value in the vedor rcderfov.

Endloop 2

Begin loop 3 onthe VMR parameters that affed the spedrum
correspondng to geometry jgeo

8. Definition d the vedor rya containing the values of the derivatives
with resped toVMR correspondng to rxa for the adual frequency.

9. Interpdation d the continuum derivatives, analyticd convdution
and namalisation

10. Storage of the cdculated value in the vedor rgderfov.

Endloop 3
Endloop 1

Detail ed description

1. Definition d the vedor rxa containing the tangent heights of the spedra used for the interpdation
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The vedor rxa is st-up with the tangent altit udes of the 4 spedra cnsidered for the interpadation.
Note that in this case the order of tangent heights is not a-priori defined, so we asgn the tangent
atitude of the central frequency to rxa(4), while the other rxa(i), i=1-3 are set-up with the other
tangent altit udes, from the lowest to the highest one.

Begin loop 1 onthe frequencies of the actua MW
jSig=1— nsam(imw) ,
nsam(imw) is total number of sampling pointsin MW imw.

2. Definition d the vedor rya containing the values of the spedra @rrespondng to the tangent
dtitudes contained in rxa for the adual frequency.

The vedor ryaisfill ed with the values of the four considered spedra & the frequency jSig:
rya(1)=rspct(jsig,jgeol), rya(2)=rspct(jsig,jgeo?), rya(3)=rspct(jsig,geoup3,
rya(4)=rspct(jsig,jgeo), .

3. Interpdation d the spedrum, anayticd convdution and namali sation
All these operations are performed by cdli ng modue intcon (rxa, rya, 4,rbase, rsl, rarea, rzc, rp)

4. Storage of the cdculated valuein the vedor rspfov .
rspfov(jsig, iactugeo,imw)=rp.

Beqgin loop 2 onthe mntinuum parameters that affed the spedrum correspondng to geometry jgeo

jpar = igeocder(jgeo,1) — igeocder(jgeo,2)

The inpus of this dion ae, for each olserved geometry, all the derivatives of the correspondng
spedrumwith resped to the continuum parameters that affed it:

rspctcder (jsig,jgeo,jpar);

igeocder(jgeo,1) and igeocder(jgeo,2) represent respedivdy the highest and lowest parameter
leved, whase value of continuum affeds the spedrum corr espondng to the geometry jgeo.

All these quatrtities haveto be amnvolved with the FOV function, so the operations from 2. to 4. ae
repeated for the matrix rspctcder (jsig,jgeo,jpar).

5. Definition d the vedor rya containing the values of the derivatives with resped to continuum
correspondng to rxa for the adual frequency.

The vedor rya is st-up with the values of the three ©nsidered continuum derivatives at the
frequency jsig:

rya(1)=rspctcder (jsig,jgeoljpar),

rya(2)=rspctcder (jsig,jgeo2jpar),

rya(3)=rspctcder (jsig,jgeo3par)

rya(4)=rspctcder (jsig,jgeo,jpar).

6. Interpdation d the ontinuum derivatives, analyticd convdution and namali sation
See3.

7. Storage of the cdculated value in the vedor rcderfov.
rcderfov(jsig, iactugeo,imw)=rp.

Begin loop 3 onthe VMR parameters that affed the spedrum corr espondng to geometry jgeo
jpar=igeogder(jgeo,1) — igeogcer (jgeo,2)
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The inpus of this dion ae, for each olserved geometry, all the derivatives of the correspondng
spedrumwith resped to the VMR parameters that affed it:

rspctgder (jsig jgeo jpar);

igeogder(jgeo,l) and igeogder(jgeo,?) represent respedivey the highest and lowest parameter
levd, whase value of continuum affeds the spedrum corr espondng to the geometry jgeo.

All these quartities have to be convolved with the FOV function, so the operations 2. and 3. ae
repeated for the matrix rspctgder (jsig,jgeo,jpar).

8. Definition d the vedor rya containing the values of the derivatives of the spedra with resped to
VMR correspondng to rxa for the adual frequency.

The vedor rya is st-up with the values of the three onsidered perturbed spedra & the frequency
J90:

rya(1)=rspctgder (jsig,jgeoljpar),

rya(2)=rspctgder (jsig,jgeo2jpar),

rya(3)=rspctgder (jsig,jgeo3jpar)

rya(4)=rspctgder(jsig,jgeo,jpar).

9. Interpdation d the cntinuum derivatives, analyticd convdution and namali sation
See3.

10. Storage of the caculated value in the vedor rgderfov.
rgderfov(jsig, iactugeo,imw)=rp.

3.211.13 FOV5_VMR

Description

This modue performs the same operations as modue FOV3_VMR and FOV4_ VMR, bu the
interpolation d the spedrum is performed using 5 spedra.

After the interpdlation in atitude between the spedra & five ntiguous tangent altitudes, this
modue performs the analyticd convdution d the interpoated spedrum with the FOV function.
This procedure is repeded for the derivatives of the spedrum with resped to continuum and the
derivatives of the spedrawith resped to VMR.

Variables exchanged with external modules

Name: Description:

ladugeo locd courter of the geometries of the adual MW correspondng to the
observations

imw number of the acua microwindowv

jgeo adual index of simulated spedrum

rztan tangent atitude of the spedrum of which we ae cdculating convdution
with FOV.

jgeoupl index of the geometry just above jgeo

rztanupl tangent altitude arrespondng to geometry jgeoupl

jgeodownl | index of the geometry just above jgeo




@) IROE

Development of an Optimised Algorithm for Routine p, T

and VMR Retrieval from MIPAS Limb Emisson Spedra Issue: 3

Date: 07/02/02 Page 288395

rztandownl | tangent altitude crrespondng to geometry jgeodonvnl

jgeoup?2 index of the geometry above jgeoupl

rztanup?2 tangent altitude crrespondng to geometry jgeoup?2

jgeodown?2 | index of the geometry below geometry jgeoupl

rztandown?2 | tangent altitude crrespondng to geometry jgeodonvn2

rspct rspct(imxi,imxgeo): low-resolution spedrum ( rsp * ILS)

rspctcder rspcteder(imxi,imxgeo,imximb):  the nvdved continuum derivative
spedrafor ead geometry and ead parameter level

rspctgder rspctgder(imxi,imxgeo,imximb): low resolution spedra for the perturbed
temperature profil es

nsam nsam(imxmw): no. d sampling pointsin eacy MW (coarse grid)

rbase greder base of trapezium-shape that approximates Field of View pattern

rd hal f- diff erence between the bases of the trapezium (1/rdl gives the slope)

rspfov rspfov(imxi,imxgeo,imxmw): simulated spedra rrespondng to the
different tangent presaures and dfferent microwindows on the frequency
coarse grid: ( rspct * FOV)

rcderfov rcderfov(imxi,imxgeo,imxIimb) derivate with resped to continuum
after fov convdution

rgderfov rgderfov(imxi,imxgeo,imximb)  temperature-perturbed spedra dter fov-
convdution

igeocder igeocder(imxgeo,?): for ead geometry the highest (x,1) and lowest (x,2)
continuum derivative (in the parameter-grid) which hasto be cdculated

igeogder igeogder(imxgeo,?): for eahr simulated geometry the highest (x,1) and
lowest (x,2) parameter with resped to which the derivatives of the spedra
(VMR) are cdculated

rzc atitude in corresponcence of which the @nvdution with the FOV is
cdculated

rarea areaof the trapezium that approximates antenna pattern of FOV

M odule structure:

1. Definition d the vedor rxa containing the tangent heights of the spedra used for the interpaolation

Begin loop 1 orthe frequencies of the actual MW

2. Definition d the vedor rya containing the values of the spedra correspondng to rxa for

the adual frequency.
3. Interpdation d the spedrum, analyticd convdution and namali sation
4. Storage of the caculated value in the vedor rspfov .
Begin loop 2 onthe mntinuum parameters that affed the spedrum
correspondng to geometry jgeo
5. Definition d the vedor rya containing the values of the derivatives
with resped to continuum correspondng to rxa for the adual

frequency.

6. Interpdation d the continuum derivatives, analyticd convdution
and namalisation

7. Storage of the cdculated value in the vedor rcderfov.

Endloop 2

Prog. Doc. N.: TN-IROE-RSA9602




Prog. Doc. N.: TN-IROE-RSA9602
Issue: 3

Date: 07/02/02 Page 289395

Development of an Optimised Algorithm for Routine p, T
@ IROE and VMR Retrieval from MIPAS Limb Emisson Spedra

Begin loop 3 onthe VMR parameters that affed the spedrum
correspondng to geometry jgeo

8. Definition d the vedor rya containing the values of the derivatives
with resped toVMR correspondng to rxa for the adual frequency.

9. Interpdation d the continuum derivatives, analyticd convdution
and namalisation

10. Storage of the cdculated value in the vedor rgderfov.

Endloop 3
Endloop 1

Detail ed description:

1. Definition d the vedor rxa containing the tangent heights of the spedra used for the interpalation
The vedor rxa is t-up with the tangent altitudes of the 5 spedra cnsidered for the interpalation,
starting from the lowest geometry jgeodown2.

Begin loop 1 onthe frequencies of the actua MW
jSig=1— nsam(imw) ,
nsam(imw) is total number of sampling pointsin MW imw.

2. Definition d the vedor rya containing the values of the spedra @rrespondng to the tangent
dtitudes contained in rxa for the adual frequency.

The vedor ryaisfill ed with the values of the five considered spedra & the frequency jsig:
rya(1)=rspct(jsig,jgeodonn2), rya(2)=rspct(jsig,geodonnl), rya(3)=rspct(jsig,jgeo),
rya(4)=rspct(jsig,jgeoupd), rya(5)=rspct(jsig,jgeoup?) .

3. Interpdation d the spedrum, analyticd convdution and namalisation
All these operations are performed by cdli ng modue intcon (rxa, rya, 5,rbase, rsl, rarea, rzc, rp)

4. Storage of the cdculated valuein the vedor rspfov .
rspfov(jsig, iactugeo,imw)=rp.

Beqgin loop 2 onthe mntinuum parameters that affed the spedrum correspondng to geometry jgeo

jpar = igeocder(jgeo,1) — igeocder(jgeo,?)

The inpus of this dion ae, for each olserved geometry, all the derivatives of the correspondng
spedrumwith resped to the continuum parameters that affed it:

rspctcder (jsig,jgeo,jpar);

igeocder(jgeo,1) and igeocder(jgeo,?) represent respedivdy the highest and lowest parameter
leved, whase value of continuum affeds the spedrum corr espondng to the geometry jgeo.

All these quatrtities haveto be amnvolved with the FOV function, so the operations from 2. to 4. ae
repeated for the matrix rspctcder (jsig,jgeo,jpar).

5. Definition d the vedor rya containing the values of the derivatives with resped to continuum
correspondng to rxa for the adual freguency.

The vedor rya is st-up with the vaues of the three ©nsidered continuum derivatives at the
frequency jsig:
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rya(1)=rspctcder (jsig,jgeodonn2 jpar),
rya(2)=rspctcder (jsig,jgeodonnl jpar),
rya(3)=rspctcder (jsig,jgeo,jpar)
rya(4)=rspctcder (jsig,jgeoupljpar),
rya(5)=rspctcder (jsig,jgeoup2jpar).

6. Interpdation d the ontinuum derivatives, analyticd convdution and namali sation
See3.

7. Storage of the cdculated value in the vedor rcderfov.
rcderfov(jsig, iactugeo,imw)=rp.

Begin loop 3 onthe VMR parameters that affed the spedrum correspondngto geometry jgeo
jpar=igeogcer (jgeo,1) — igeogder(jgeo,?)

The inpus of this dion ae, for each olbserved geometry, all the derivatives of the correspondng
spedrum with resped to the VMR parameters that affed it:

rspctgder (jsig,jgeojpar);

igeogder(jgeo,l) and igeogder(jgeo,2) represent respedivey the highest and lowest parameter
leved, whase value of continuum affeds the spedrum corr espondng to the geometry jgeo.

All these quartities have to be cnvolved with the FOV function, so the operations 2. and 3. ae
repeated for the matrix rspctgder (jsig,jgeo,jpar).

8. Definition d the vedor rya containing the values of the derivatives of the spedra with resped to
VMR correspondng to rxa for the ad¢ual frequency.

The vedor rya is st-up with the values of the three ©nsidered perturbed spedra & the frequency
jsig:

rya(1)=rspctgder(jsig,jgeodown2 jpar),

rya(2)=rspctgder(jsig,jgeodownljpar),

rya(3)=rspctgder (jsig,jgeo,jpar)

rya(4)=rspctgder (jsigjgeoupljpar),

rya(5)=rspctgder (jsig,jgeoup2jpar).

9. Interpdation d the mntinuum derivatives, analyticd convdution and namali sation
See3.

10. Storage of the caculated value in the vedor rgderfov.
rgderfov(jsig, iactugeo,imw)=rp.

3.2.11.14 POLCOE_VMR

Description: This modue, taken from ‘Numericd Redpes in FORTRAN’, cdculates the
coefficients of the interpaating paolynomium that passes through a given number of points.

Variables exchanged with external modules

Name: | Description:
rx rx(n) vedor containing the x values of the tabulated pants
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ry ry(n) vedor containing they values of the tabulated pants
n number of tabulated pants
reof reof(n) returned coefficients, such that: y; = 2, rcof ( j) - X -
j

Detailed description:
see‘Numericd Redpesin FORTRAN’ [RD2], pag.114.

3.211.15INTCON_VMR

INTCON_VMR
|-----POLCOE_VMR +

Description: This modue cdculates the cwefficients for the interpoation ketween the points
contained in the vedors rxa and rya and then computes the result of the cnvdution for this
particular value of frequency.

Variables exchanged with external modules

Name: | Description:

rxa rx(5) vedor containing the x values of the tabulated pants

rya ry(5) vedor containing they values of the tabulated pants

n number of tabulated pants

rbase greder base of the trapezium

rd hal f- diff erence between the two bases of the trapezium

rarea areaof the trapezium, used for normali sation

rzc altitude in correspondence of which spedrum with FOV is cdculated
rp returned value of the cnvdution and namali sation

Module structure

Detail ed description:

1. Calculation d the wefficients for the interpaation
Begin condtion 1 n=3
2. Cdculation d analyticd convdution and namalisation
Else, if n=4
3. Caculation d analyticd convdution and namalisation
Else, if n=5
4. Calculation d analytical convdution and namalisation
End condtion 1

1. Cdculation d the mefficients for the interpdation
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The oefficients of the interpoation, contained in the vedor rcof, are cdculated by the modue
polcoe(rxa,rya,nycof), so that the interpolated spedrum at dtitude r and frequency jsig results

givenby 2. rcof (i)-r" 2.
i=1n

2. Analyticd convdution and namalisation
Theresult of the analyticd convdutionis given by the foll owing expresson:

rcof (1) -rarea+ rcof (2) -rarea-rzc + rcof (3) -rzc? - rarea +

rbase’ - rbase’ - rsl .\ rsl?. rbase rsl 3]
12 4 3 6
rp=
rarea
4. Calculation d analyticd convdution and namalisation
The result of the analyticd convdutionis given by the foll owing expresson:

+rcof (3) [

i -
rcof (1)- rarea+ rcof (3)- rzc? - rarea+ rcof (4)- rarea- rzc3 +

ase® 3.rsl - rbase? , rs13))
— + rbase- rsl ——J+

(
rzc‘krcof (2)- rarea+ rcof (4)'(rb4 1 5

(rbase® rbase?-rsl  rsl2-rbase rsl3)

L+rcof (3)-L o 4 + 3 -6 J |
rp= rarea

5. Calculation d analyticd convdution and namalisation

Theresult of the analyticd convdutionis given by the foll owing expresson:

(5. rbase® rbase’-rsl rbase®-rsl? rbase?-rsl® rbase -rsl? rsl® ]
reo 80 16 6 4 T s 15 J*
(rbase® rbase?-rsl rsl2-rbase rsl3)
-H'COf(3)L 12 - 4 + 3 —T
( . 2. 3))
rch-chof (3)- rarea+rcof (5)-| 2- rbase- rslz—%grszl—rsl3+rbazSe J+

rarea- rcof (4)- rzc®+ rcof (5)- rzc* - rarea+ rcof (1) rarea+

( 3 315l - rbase? 3))
rzc-krcof (2)- rarea+ rcof (4)-(rbase _3rsl-rbase + rbase- rslz—rsI ]J

4 4 2

rp= =
P rarea
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3.2.11.16 CROSS VMR

CROSS VMR
|-----BLIND_VMR *
|-----LOFICO_VMR]
|---FLINT_VMR *
(((+SHAPECALC_VMR
| (--HUMLI_VMR]
(((+BLIND_VMR *
(((+HUMLI_VMR]
(((+FCO2CHI_VMR *
l(((+POLCOE2ND_VMR +

Description:

¢ Using the spedroscopic line-data this routine determines the &sorption crosssedions for eah
general wavenumber fine grid pant, ead IAPT number and ead gas which hasto be cmnsidered
in the adual microwindonv using the equivalent presaures and temperatures cdculated in
‘curgod_vmr’.

¢ In the cae qosssedion look-up tables are available, this modue returns the value of cross
sedions obtained decompressng the compressed look-up tables. ORM is able to handle dso
cases in which the look-up tables are available only for a sub-set of the operational
microwindows and for a sub-set of the gases contributing to the enissonin ead microwindow.

¢ Inthe caeirregular grid is avail able, this modue returns the values of the dosssedions on the
so-cdled ‘compressed’ grid, which is the grid containing only the ‘1’ grid pants of the irregular
grid.

Variables exchanged with external modules

Name: Description:

imw number of the adual Mw

rpeg equivalent presaures

rteg equivalent temperatures

itglev number of the tangent-level for eat geometry

iIsigma number of wavenumber grid pantsfor eady Mw
dsigma general wavenumber fine grid

delta general fine grid interval [cm-1]

Igeo number of simulated geometries

locsim occupation matrix for the simulations to be performed
igassmw | number of gasesto be cmnsidered in ead Mw

ruplin upper limit where the line has to be considered [km]
rlolin lower limit where the line has to be considered [km]
ili ne number of linesin ead microwindow

icode HITRAN code for eadt line of eadt Mw

rint0 lineintensity for ead line of eat Mw

relow lower state energy for ead line of eady Mw
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rhwO foreign broadened half width for ead line of eadh Mw
dsilin central wavenumber for ead line of eath Mw
ioutin flag for eadh line of eadt Mw
=1: line-shape has to be cdculated at ead wavenumber inside the Mw
=2: lineis considered as neaby continuum (cadculated at threepoints inside the
Mw
igasnr global gas number for the locd gas number of ead Mw
rexph exporent for T dependence of half width for ead line of ead Mw
rwmol moleaular weight for each HITRAN moleaular code and isotope number
igashi HITRAN code number for eat global gas number
[Ee isotope number for ead line of eat Mw
ipoint IAPT-number for ead layer and ead geometry
ninterpa | switch for the dedsion d interpdation d the asorption crosssedions for the
geometries above the lowest geometry (only if the IAPT number of the path is
increasing, which was dedded duing the cdculation d ipaint)
=-1: nointerpdation, all crosssedions recdculated
=0: al crosssedions above the lowest geometry are interpolated
=1: new cdculation orly of the tangent-layer, al other layers interpolated
=2: new cdculation o the tangent-layer and the layer abowe, all others
interpolated
=3 ...
raircol air-column for eat layer and ead geometry
rcol column amourts for ead layer, eat geometry and ead gas
rzmod heights of levels used for the radiat. tranf. cdculation
Imgas logicd array Imgas(imxgmw,imxmw)
Imgas(mgas,imw)=.true. : cdculation d crosssedions
withou look-up tables
Imgas(mgas,imw)=.false. :cdculation d crosssedions by
means of look-up tables
ilookupm | integer*4 ilookupmw(imxmw)
w ilookupmw(imw)=0 nolook-up tables for mw imw
ilookupmw(imw)=1 look-up tables for al the asorbers of the mw
ilookupmw(imw)=2 look-up tables for nat al the ésorbers of the mw
nll I*4 : nll (imxgmw,imxmw): number of basis vedor
npl I*4 : npl(imxgmw,imxmw): number of -log(presaure) tabulation pants
rpdl R*4: rp1l (imxgmw,imxmw): lowest -log(presaure) vaue
rdpl R*4: rdpl (imxgmw,imxmw): spadng of -log(presaure) tabulation
ntl I*4: ntl(imxgmw,imxmw): number of temperature tabulation pants
rtll R*4: rt1l(imxgmw,imxmw): lowest tabulated temperature
ratl R*4: rdtl(imxgmw,imxmw): spadng of temperature tabulation
ru R*4: ru(imxsi2,imxbv,imxgmw,imxmw): U-matrix
rki R*4: rkl(imxbv,imxnx,imxgmw,imxmw): K-matrix
tab charader*3: tab(imxgmw,imxmw): tabulation code of crosssedion look-up
tables
rcross R*4: rcrosgimxsi2,imxpat,imxgmw): absorption cross ®aions for ead genera
wavenumber fine grid pant (1st index), ead IAPT number (2nd index) and
ead gas (3rd index) for the adual Mw
lirrgridm | logicd: lirrgridmw(imxmw): logicd vedor that, for eat seleded microwindow
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w in the adual retrieval, indicates whether theirregular grid is avail able.
ligrid integer*4: iigrid(imxsig,imxgeo,i mxmw).

iigrid (1— isigma(imw),imw): irregular grid in the ‘0" and ‘1’ representation for
all the fine grid pants of the extended microwindow imw.

nusedl1 integer*4: nused1(imxmw): total number of points of the ompressd grid for
eat microwindow absorption crosssedions for the main gas: for eat general
wavenumber fine grid pant (1st index), for ead IAPT number (2ndindex), and
for the two equivalent temperatures profil es (3rd index). So, rcrosert(i,j,1) are
the aoss ®dions cdculated using the temperatures rteqpert(j,1) and

rcrospert(i,j,2) by using rteqpert(j,2).

Module structure:

1. Initialisation d variables
Begin loop 1 ower the geometries valid for the actual microwindow
Begin loop 2 wer the layers of the actual geometry for which a rew cross sedion  must
be determined
Begin condtion 1 onthe use of look-up tables
2Calculation d crosssedions by means of avail able look-up tables
End condtion 1
Begin condtion 2: the aosssedions are @lculated withou look-up tables
Begin condtion 3 the aoss ®dions are interpolated
Begin loop 3 wer the gases of the actua Mw
3. Interpdlation d the adoss ®dions
endloop 3
else owndtion 3the aoss €dionsare @lculated
4. Definition d locd fine and coarse wavenumber grid
Begin loop 4 over all li nes of the actual Mw that must be
considered for the actual altitude
5. Initidisation d variables for line-caculation
Begin condtion 4thelinesare alculated & each pant
Begin condtion 5 aline shape for HNOs is
precalculated
6. Precdculation d HNO; line shape
end condtion 5
7. Calculation d thelinein thelocd coarse grid
8. Calculation d thelinein the locd fine grid
else mwndtion 4thelines are handed as near continuum
9. Calculation d theline & 3 pantsinside the Mw
end condtion 4
endloop 4
Begin loop 7 wer the gases of the actual Mw
10. Interpdlation d the adoss gdions from the locd coarse
andfine grid to the general fine grid
11.Interpdation d the nearby continuum to the general
finegrid
endloop 5
end condtion 3
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end condtion 2
endloop 2
endloop 1

Detail ed description:

loop 1 wer the geometries valid for the actual microwindow

kgeo=igeo—1

if [iocsim(kgeo,imw)=0]

Starting from the lowest geometry (igeo) this loop (i.e. the commands inside the loop) is only
exeauted if this observation geometry hasto be smulated for the acual Mw.

loop 2 wer the layers of the actual geometry for which a rew crosssedion must be determined
[lay=1—itgleVkgeo) -1

This loop legins from the outer layer and goes down to the tangent layer (itglekgeo)-1). It is only
exeauted if new crosssedions must be cdculated, i.e. if the IAPT-number ipoint(llay,kgeo) is
increasing. For the cases that the IAPT number is not increasing, the aosssedions have drealy
been cdculated duing an ealier exeaution.

Condtion 1 onthe use of look-up tables
if ilookupmw(imw) = 0 , & least for some of the absorbers contained in the mw look-up tables are
available.

condtion 2 the dosssedions are alculated withou look-up tables
if ilookupmw(imw)=0 OR.. ilookupmw(inw)= 2,
crosssedion cdculationis performed.

condtion 3 the aoss £dions are interpolated ar calculated

The aoss ®dions are interpolated (using the aoss ®dions which have dready been cdculated for
the lowest geometry) if we ae nat in the lowest geometry and if we ae in a layer that has to be
interpolated (indicaed by ninterpal):

if [kgeo<ilowgeo A llay < itgleMkgeo)-ninterpa A ninterpol=-1]

Where il owgeo is the lowest geometry that must be cdculated for the acual Mw.
If this condtions are nat fulfill ed the aoss £dions are cdculated explicitly using the line data.

loop 3 wer the gases of the actual Mw

mgas=1—igasmw(imw)

The alculations inside this loop ae performed only if one of the following condtions are
verified:

ilookupmw(imw) = 0 .0. Imgas(mgas,imw) = .true.

loop 4 over all lines of the actual Mw that must be considered for the actual altitude and
correspondng to gases of which crosssedion was nat previously calculated with the use of
look-up tables

mli ne= 1,ili ne(imw)

if [ruplin(mline,imw)>rzmod(ll ay)>rloli n(mline,imw)]
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if [ilookupmw(imw) = 0 .a. Imgas(igasact (icode (mline, imw), imw) = .true.]

condtion 4thelinesare @lculated at each pant or handed as continuum

if [ioutin(mline,imw)=1]: the lines are explicitly cdculated at eat pant of the locd coarse and fine
grid.

if [ioutin(mline,imw)=2]: the lines are handed as nea continuum and cdculated orly at threepoints
inside the Mw.

condtion 5 aline shape for HNOs is preclcul ated

if the gasis HNO; (if [icode(mli ne,imw)=nrepcode]) and the half width is equal to the reference half
width (if [rhwO(mlineimw)=rephw0]) and the half width exporent is equal to the reference
exporent (if [rexph(mlineimw)=repexph]) and if the line shape has naot aready been precdculated
(if [nshape=0]) then aline shapeis precdcul ated.

loop 5 wer the gases of the actual Mw

mgas=1—igasmw(imw)

The @lculation inside this loop ae performed orly if one of the following condtions are
verified:

ilookupmw(imw) = 0 .0. Imgas(mgas,imw) = .true.

1. Initialisation d variables

e Cdculation d vedor igasact(imxhit) that gives for ead hitran gas number the locd Mw gas
number: igasact(igashi(igasnr(j,imw))) = j for 1 <j <igasmw(imw)

e Determination d the line with the largest intensity of the main gas: line number: imaxlin

e The total number of points nsigma of the grid to be used for the cdculation d crosssedionis
determined. If an irreguar grid is available, the mmpresed gid is used and nsigma=
nused1(imw), if theirregular grid is not avail able, nsigma= isigma(imw).

2. Calculation d crosssedions by means of avail able look-up tables

For ead absorbers contained in the wnsidered mw: mgas = 1 — igasmw(imw), a cntrol is dore
in order to seeif the look-up table relative to this absorber is available (Imgas(mgas,imw)=
false).

If thisisthe cae, crosssedion cadculationis performed as foll ows:

firstly, the preliminary caculations are performed:

the hitran code of the gas:

ihit=igashi(igasnr(mgas,imw));

and the equivaent -log(presaure) and temperature relative to the path ipo:
rp=-alog(rpeq(ipaint(llay,kgeo),igasnr(mgas,imw));

rt= rteq(ipoint(llay,kgeo),igasnr(mgas,imw);

The cdculation d crosssedionis performed by modue decompr_vmr:

decompr_vmr(rp, rt, mgas, imw, ru, rkl, nil, nd, rpdl, rdpl, ntl, rtll, rdtl, nsigma, tab, rcrossl)
The vedor rcrossdl isthen stored in the aray rcross

for ead msig, from 1 to nsigma:

rcrosgmsig,ipomgas)=rcrossl(msig)

3. Interpdation d the aoss dions
The aoss ®dions for the geometries abowve the lowest geometry are cdculated (for ead general
fine grid pant) by linea interpoation wsing the aoss ®dions already cdculated for the lowest
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geometry. This linea interpalation is performed with resped to the equivalent presaures, i.e. it is
first dedded between which equivalent presaures of the lowest geometry the adual equivalent
presaure lies and than the aoss gdions are interpoated to the adua equivalent presaure. This is
dorefor the aoss gdions of all gases (rcross.

E.g. for rcrossthe formulafor al wavenumbers on the general fine wavenumber grid (msig) is:

p-pl
p2-pl

rcrosg msig,ipaint(llay, kgeo), mgas) = r1+(r2—r1)-

r1=rcrosgmsig,ipaint(llayl, il owgeo), mgas)
r2 = rcrosg msig,ipoint(ll ay2, il owgeo), mgas)
with: p = rpeq(ipaint(llay, kgeo),igasnr(mgas,inw))
p1= rpeq(ipoint(llayL il owgeo),igasnr (mgas,imw))
p2=rpeq(ipoint(ll ay2, il owgeo), igasnr(mgas, inw))

Wherellayl andllay2 determine the presaures pl and p2 of the lowest geometry between which the
adua presaurep lies.

4. Definition d locd fine and coarse wavenumber grid
The locd (for the adual geometry and layer) coarse and fine wavenumber grid is defined by cadling
themoduelofico_vmr:

dsilin,ipaint(ll ay, kgeo),imw, rwmol,icode, ii so, rhwO, imaxli, rpeq, rteq,
lofico| delta,isigma, dsigma, igasmw, rexph,iglfgf,dsiglf, dsiglc,isigif ,isiglc,
deltalf ,deltalc, rerolf , rerolc, rerolfpert, rerolcpert

Note that even if an irregular grid is avail able, and as a mnsequencethe final crosssedions will be
stored on the compressed grid, the locd fine axd coarse grids are built starting not from the
compres=d grid, bu from the regular fine grid.

Therefore, lofico routine is nat affeded by the use of the cmpressed grid.

5. Initidisation d variablesfor line-cdculation
e Caculation d the Dopper half width:

G rteq(ipo,ign)
rdhdf = dsilin(mli ne,imw) - dcdop-
( ) P \/rwmol(icode(mline,im),iiso(mline,irmv))
with: ipo=ipaint(llay, kgeo)
and: ign= igasnr(igasact(icode(mline,imw)),imw), the globa gas number for the hitran gas

number of the acual line.
dcdop is aparameter.

e Cdculation d the Lorentz half width:
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rihalf = rhwO(miine,imw) - rpeq(ipaign) { rton

rexph(mline,imw)
rpOh rteq(ipo, ign)}

With the parameters rpOh, rtOh.

e Cdculation d thelineintensity
Theline intensity rlint is cdculated by a cdl to the modue flint_vmr:

flin — fIint_vmr[rlntO(mI|ne,|mw),relow(mllne,lmw),rteq(lpo,lgn), }

dsilin(mline,imw),icode(mline,imw),iiso(mline,imw)

6. Precdculation d HNOg li ne shape
In the cae of HNOj; the line shape is precdculated for the Voigt part of the line. This precdculation
is performed in the general fine grid by a cdl to the subroutine

ipo,ign, rteq(ipo,ign), dsigma(l,imw),isigma(imw), delta,
shapecalc . . . L ,
rwmol (icode(mli ne,imw), ii so(mli ne,imw)),iprec, rshape

Then the variable nshape is st to 1in order to indicae, that for this IAPT number ipo the shape is
already precdculated. When going to the next IAPT nshape has to be initialised again to O (before
begin of next loop 4 owr al li nes)!

7.Caculation d thelinein the locd coarse grid
The aoss ®dions on the locd coarse grid rcrolc (dimension (imxsig,imxgmw)) are cdculated from
the boundhries of the microwindow up to adistance of (rdhaf + rlhalf ) - rvmult wavenumbers from

the line centre by using the Lorentz function (rvmult is a parameter). In the region aroundthe line
centre the aoss dions onthe fine grid are cnstant. This constant is determined as the mean value
of the last Lorentz cdculated cross ®dions onthe left and onthe right of the line.

The boundry indices for the Lorentz cdculation onthe locd coarse grid are:

ilc=1

ioc = nint dsilin(mline,imw) — (rdhaf + rlhalf)- rvmult — dsiglc(1) 1
deltalc

2= nint dsilin(mline,imw) + (rdhdf + rihalf)- rvmult — dsiglc(1) 1
deltalc

I4c = isiglc

Whereisiglc, dsiglc, deltalc have been determined in 3.
(One hasto take cae that for aline very nea to the boundry of the microwindow (where i2c could
becme lessthanilc ...) these meffiecants are set to the boundry values!)
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Cdculation d Lorentz functionfor ilc <i <i2c-1 andi3c+1 <i <i4c:

. . 1 rihalf
rlinfctlc(i) = — 5 5
7 rlhalf © + (dsiglc(i) — dsilin(mline, imw))

Calculation d the aoss ®dions and adding to the adoss dions from the previous li nes:

rcrolc(i,ig) = rlint - rlinfctlc(i) + rerolc(i,ig)
with: ig = igasact(icode(mline,imw)) , the loca gas number for the acdual line.

The value for the ‘plateau’ region,i.e. in the vicinity of theline ceitreis:

rlinfctlc(i2c—1) + rlinfctlc(i3c + 1)

rplatfctn = >

So, fori2c <i <i3c;

rcrolc(i,ig) = rlint - rplatfctn + rerolc(i, ig)

8. Calculation d thelinein thelocd fine grid

Onthelocd fine grid the lines are only cdculated in the vicinity of the line, where the doss dions
on the locd coase grid are ownstant (see 5), i.e. for distances less than
(rdhdf + rihalf)- rvmult wavenumbers from the line centre. In this region the line profile is partly
cdculated by the Lorentz and partly by the Voigt function. The Voigt function is used inside an
intervall of +rdhdf - rdmult wavenumbers from the line centre (rdmult is a parameter).

The boundxry indices onthe locd fine grid are:

ilf =(i2c—2)-iqglclf +2

of — pint dsilin(mline,imw) — rdhaf - rdmult — dsiglf (i1f ) il
deltalf

i3 — nint dsilin(mline,imw) + rdhaf - rdmult — dsiglf (i1f ) il
deltalf

i4f =i3c-iqglclf

With the parameter iglclf, the quatient between the locd coarse and fine grid.

Calculation d Lorentz functionfor ilf <i <i2f-1 andi3f+1 <i <i4f:

. . rihalf
rlinfctlf (i) = — 5 5
7 rIhalf < + (dsiglc(i) — dsilin(mline, imw))

Cdculation d the doss ®adions and adding to the aoss ®aions from al the previous lines:

rcrolf (i,ig) = rlint - rlinfctlf (i) — rplatcro + rerolf (i,ig)
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with: ig= igasact(icode(mline,im)), the locad gas number for the adual line, and rplatcro the
coarse grid ‘plateau’ value which was determined in 5.

For i2f <i <i3f theline functionis determined by the Voigt lineshape:

clinfetlf (i) = 112 r;:;f
T

where rreistheresult from a cdl to the routine humli_vmr (rx,ry,rre), with:

|dsiglf (i) — dsilin(mli ne,imw)|
=4/In2
& rdhalf

rIhalf
_ Jinz Mhalf.
Y rdhat

The aoss dions are cdculated from rlinfctlf like in the cae of the Lorentz cdculation (see
abowe).

In the cae of HNO; for the Voigt part the precdculated line shape is interpolated linealy. If the gas
iISHNO; (if [icode(mli ne,imw)=nrepcode]) and the half width is equal to the reference half width (if
[rhwO(mli ne,imw)=rephwa]) and the half width exporent is equal to the reference exporent ( if

[rexph(mlineimw)=repexph]):

rlinfetlf (i) = .| \"2 drhzf
wTr

where r2 is the linea interpolation d the precdculated line shape rshape (centred in the centre of
the adual line) to the adual locd fine grid wavenumber dsiglf(i).

9. Cdlculation d theline & 3 pantsinside the Mw

For lines outside the microwindow which are taken into acount as nea continuum, the aoss

sedions are cdculated at the first point, a the midde point and at the last point of the

microwindow. Later, in 10,they will be interpolated to the general fine grid.

The prodeaureis:

o cdculating the line profile using the Lorentz line shape (see dowe) at the three wavenumbers
inside the microwindow.

e if the line is a CO; line (if [icode(mlineimw)=2]) the profile is multiplied with the CO, chi
fador whichis cdculated by a cdl to modue fco2chi_vmr:

feo2chi_vmr|rteg(ipo,ign), dconsi - dsilin(mline,imw),1]

ipo andign have been defined in 4.
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e The asorption cross ®dions at the 3 pants inside the Mw are now cdculated likein 7 a 8 by
multiplicaion d the profile with and added to the nea continuum cross ®dions from the
previous line cdculation.

10. Interpdation d the aoss gdions from the locd coarse and fine grid to the genera fine grid

For eat gas of the microwindow, the output cross £dion vedor rcrosgi,ipomgas) of the genera
fine grid is filled by linea interpdation in wavenumber using the vedors rcrolf(j,mgas) and
rcrolc(k,mgas), wherej istheindex onthe locd fine grid and k onthe locd coarse grid.

If anirregular grid is avail able (lirr gridmw(imw)= true) only the dosssedion values correspondng
to the points of the ‘compressed’ grid have to be stored in

rcrosy ksig =1— nsigma, ipo, mgas) .

11.Interpdation d the neaby continuum to the general fine grid

For eat gas of the Mw the neaby continuum values which were cdculated in 8. for three points
inside the microwindow are interpalated (2nd ader) to the general wavenumber fine grid and added
to the qoss ®dion ouput vedors rcross As in 10., if an irregular grid is available
(lirrgridmw(imw)= true) these operations have to be dore only for the points of the ‘compressed’
grid.

The mefficients for the parabalic interpoation are cdculated using modue polcoe2nd_vmr.

3.211.17 SHAPECALC_VMR

Description
Calculation d the line shape which is later used for the cdculation d many lines with equal half
widths just by shifting and interpalation.

Variables exchanged with external modules

Name: Dimension: | Description:

rp equivaent presare

rt equivaent temperature

dsil first wavenumber of the Mw

E] number of general fine grid pantsin the Mw
delta general fine grid distance[cm”]

rw moleaular weight

iprec number of paints of the precdculated li ne shape
rshape imxsig precdculated line shape

M odule structure:
1.Calculation d rshape

Detailed description:

o thereferencedopger half width is cdculated using the middle wavenumber of the microwindow:




Development of an Optimised Algorithm for Routine p, T :DTOg.. 200' N.: TN-TROE-RSA9602
@ IROE and VMR Retrieval from MIPAS Limb Emisson Spedra SUe
Date: 07/02/02 Page 303395
. .. IS -deta
dsil =dsil+ —
rt

rdhdf = dsil - dedop- ,|—
rw

e thereferencelLorentz half width is cadculated:

r
rlhaf = rephw0-——-
P rpOh

(rtOhj repexph
rt

¢ the number of precdculated pantsis:

rdhdf - rdmult

iprec:int( j+10
delta

e cdculation d rshape:
forO<i<iprec

i - deltal
_ JInz - gelta
X rdhalf

rlhalf
ry=4/1n2
y rdhdf

the line shapeis cdculated bya cdl the humlicek routine:

humli[rx, ry, rshape(i)]

3.211.18 FCO2CHI_VMR

For the description d thismodue, seepar. 2.2.11.12.

3.211.19FLINT_VMR

For the description d thismodue, seepar. 2.2.11.13.

3.211.20 FPARTS VMR

For the description d thismodue, seepar. 2.2.11.14.

3.211.21 HUMLI_VMR

For the description d thismodue, seepar. 2.2.11.15.
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3.2.11.22 POLCOE2ND_VMR
For the description d thismodue, seepar. 2.2.11.16.

3.211.23LOFICO_VMR

Description
Cadlculation d thelocd fine grid and the locd coarse grid for the adual atmopheric path.

Variables exchanged with external modules:

Name: | Dimension | Description:
dsilin imxlin central wavenumber for ead line of each Mw
imxmw
ipo adual path nunber
imw adua microwindov number
rwmol imxhit, moleaular weight for eacn HITRAN moleaular code and isotope
imxism number
icode imxlin, HITRAN code for ead line of eadt Mw
imxmw
il so imxlin, isotope number for ead line of eath Mw
imxmw
rhwO imxlin, foreign broadened half width for ead line of ead Mw
imxmw
imaxli number of the line of the main gas with largest intensity
rpeq imxpat, equivalent presaures
imxgas
rteq imxpat, equivalent temperatures
imxgas
delta general fine grid interval [cm-1]
isgma | imxmw number of wavenumber grid pants for eadt Mw
dsigma | imxsig, general wavenumber fine grid
imxmw
igasmw | imxmw number of gasesto be mnsidered in eah Mw
rexph imxlin, exporent for T dependence of half width for ead line of ead1 Mw
imxmw
ialfaf ratio between locd fine and genera fine grid
dsiglf imxsig locd fine grid [cm™]
dsiglc imxsig locd coarse grid [cm™]
isiglf number of locd fine grid pants
isiglc number of locd coarse grid pants
deltalf distance between locd fine grid pants
deltalc distance between locd coarse grid pants
rerolf imxsig, cross dionsonlocd fine grid
imxgmw
rcrolc imxsig, cross dionsonlocd coarse grid
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Module structure:

1. Determination d the locd fine and coarse grid.

2. Initialisation d the aoss £dion vedor onthe fine and coarse grid.
Detail ed description:

1. Determination d the locd fine and coarse grid.

The dopgder and lorentz half width for the most intense line of the main gasis cdculated.

rteq(i po,l)
rwimol (icode(imaxdi ,imw), i so(imexli, imw))

rdhdf = dsilin(imaxli,imw) -dcdop-\/

ipo
rihalf = rhwo(imaxdi ,imw)- roea(ipo ).[ rton

rexph(imaxli ,imw)
rpOh rteq(| po,l)}
Caculation d the (approximate) Voigt half width:

rvhalf =rdhdt + rlhalf

Determine locd fine grid:
For rvif rvhalf < delta:

igifgf =1
deltalf = delta

For rvif rvhalf > delta:

lfof _int(rvlf -rvhalfj
argr = delta
deltalf =iqlfgf - delta

Define the locd coarse grid:

deltalc = iqlclf - deltalf

Number of locd fine grid pants:

dsigmagisigmaimw),imw) — dsigma(lim’\/)j 42

isiglf :lnt( qeltalf
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Fill  ocd fine grid vedor:

dsiglf (1) = dsigma(,imw)
dsiglf (i) = dsiglf (i —2) + deltalf

Number of locd coarse grid pants:

Siglc = int(dﬂgrna(|S|grna(|mw),lmw) - dsgma(],lmvv)] o
deltalc

Fill  ocd coarse grid vedor:

dsiglc(1) = dsigma(d,imw)
dsiglc(i) = dsiglc(i — 1) + deltalc

2. Initidlisation d the aoss £dion vwedor onthefine and coarse grid.

Thevedorsrcrolf andrcrolc areinitialized to 0.

3.2.11.24 POINT_VMR
For the description d thismodue, seepar. 2.2.11.4.

3.2.11.25 CONLAY_VMR
For the description d thismodue, seepar. 2.2.11.3.

3.2.11.26 SPECTRUM_VMR

SFECTRUM_VMR]
}----CONV_VMR*

Description

e cdculation d the origina spedra and the derivatives with resped to VMR and continuum on the
general wavenumber fine grid for all geometries of the a¢ual microwindow
e convdution d these spedra and derivatives with the AILS function to the general wavenumber

coarse grid

if an irregular grid is avail able, the cdculation d the high resolution spedrum, the derivatives with
resped to the mntinuum and VMR is made on the so-cdled ‘compressed grid’ (the one made with
only the*1’ paintsof theirregular grid) , then adired interpolation and convdutionis performed.

Variables exchanged with external modules

| Name | Description
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imw number of the adual Mw
itglev number of the tangent-level for ead geometry
igassmw | number of gasesto be mnsidered in ead Mw
igasnr global gas number for the locd gas number of ead Mw
isigma number of wavenumber grid pants for eady Mw
rcross absorption cross gdions for eatcy wavenumber ead IAPT and ead gas for
the adua MW
rcol column amourts for ead layer, ead geometry and eat gas
raircol air-column for ead layer and ead geometry
ipoint IAPT-number for ead layer and ead geometry
ipath number of different IAPT-numbers of ipoint
rtmain equivalent temperature of the main gas
dsigma general wavenumber fine grid
igeo number of simulated geometries
locsim occupation matrix for the simulations to be performed
nsam n. o sampling pantsin eac Mw (general coarse grid)
nils number of elements of rils
rspct spedrum for ead geometry onthe general coarse grid

1st index: general wavenumber coarse grid

2ndindex: geometries to be simulated for the acua Mw

rils instrument-li ne-shape function onthe general fine grid

rintils ratio between the frequency step approximating infinitesimal spedral
resolution and the integral of the ILS function

nrd Ratio between general coarse grid step and fine grid step

rclay model-layer values of the mntinuum

iderlay highest (x,1), lowest (x,3) and midde (x,2) (the one direaly above the
'‘perturbed’ layer) which is affeded by ead derivative

igeocder | for eath geometry the highest (x,1) and lowest (x,2) continuum derivative (in
the parameter-grid) which hasto be cdculated

rpartcder | partial derivatives of the wntinuum layer values with resped to the
parameter-level values

rspctcder | continuum derivative spedra onthe general coarse grid for ead geometry and
eat parameter level

1st index: general wavenumber coarse grid

2ndindex: geometriesto be smulated for the acual Mw

3rd index: levels where the parameters are retrieved

igeogder | for ead simulated geometry j the highest (igeotder(j,1)) and lowest
(igeotder(j,2)) parameter level which has to be cnsidered for the vmr-
derivatives

rpartgder | partial derivative of the main gas column o ead layer with resped to the vmr
parameter level values

rspctgder | vmr derivative spedra on the general coarse grid for ead geometry and eath
parameter level

1st index: general wavenumber coarse grid

2ndindex: geometriesto be simulated for the acual Mw

3rd index: levels where the parameters are retrieved

cint charader*3: cint(imxmw): it indicaes, for eacy microwindow, what kind d
interpolation has to be performed between the spedral points of the irregular
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grid.
lirrgridm | logicd: lirrgridmw(imxmw): logicd vedor that, for ead seleded
w microwindow in the adual retrieval, indicaes whether the irregular grid is

avail able.
igridc integer*4: igridc(imxsi2,imxmw): matrix that, to eacy microwindow and eah

point of the compressed grid, asciates the @rrespondng value on the
regular fine grid.
nused1 integer*4: nused1(imxmw): total number of points of the compressed grid for
ead microwindov
rsan red*8: rsan(imxi,imxsi2,4jmxmw): variable used for making the direa
interpolation/convdution.
rsan(jsam,i,n,imw)=
j=min(igridc(i+1,imw)-1,nil s-1+(jsam-1)* nrd)- (jsam-1)* nrd,k=min(igridc(i+1)-1-igridc(i),(( jsam-1)-nrd+nil s—igridc(i))

D rilgnils— j+1)-k™*

j=max(((jsam-1)*nrd+1),igridc(i,imw))-(jsam-1)* nrd ,k=max(0,—igridc(i,imw)+(( jsam-1)-nrd+1)

ilim integer*4: ilim(2,imxi,imxmw): variable used for making the dired
interpolation/convdution:

ilim(1,jsam,imw): first point of the compressed grid to be cnsidered for the
computation d the low resolution spedra point at jsam for microwindowv
imw;

ilim(2,jsam,imw): total number of points of the compressed grid to be
considered for the computation o the low resolution spedral point at jsam for
microwindow imw.logicd: lirrgridmw(imxmw): logicd vedor that, for eah
seleded microwindow in the adua retrieval, indicaes whether the irregular
grid isavail able.

Module structure:

1. Initidisation o variables and Planck functionfor later interpolation
Begin loop 1 wer geometries valid for the actual microwindowv
Begin loop 2 wer general wavenumber fine grid
Begin condtion 1 the \alue of the spedrum at this wavenumber hasto be clculated
and nd interpolated
2. Interpolate Planck function
Begin loop 3 wer the layers of the actual geometry
3. Calculation d the transmissons
Endloop 3
4. Calculation d the radiative transfer
Begin loop 4 ove the layes of the actual geometry for which the @ntinuum
derivatives are alculated
5. Calculation d the continuum derivatives with resped to the
continuum layer values and the derivatives with resped to the mlumn layer values.
Endloop 4
Begin loop 5 wer the levds for which the continuum derivatives are
calculated
6. Calculation d the continuum derivatives with resped to the
continuum level values
Endloop 5
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Begin loop 6 wer thelevds for which the vmr derivatives are
calculated
7. Calculation d the vnr derivatives with resped to the vmr leve values
Endloop 6
Endcondtion 1
Endloop 2
Begin condtion 2 irregular grid is available for the actual microwindow
Begin condtion 3 cubic interpolation hasto be used
8. Computation d coefficients for the aubic interpolation for spedrum, temperature
perturbed spedrum and continuum derivative
9. Dired cubic interpdation/ convdution
else ondtion 3 linear interpaation hasto be used
10. Computation d coefficients for the linea interpolation for spedrum, temperature
perturbed spedarum and continuum derivative
11.Dired linea interpoation/ convdution
End condtion 3
else mndtion 2
12.Convdution d the spedra and cerivatives with the AILS function
End condtion 2
Endloop 1

Detail ed description:
loop 1 over geometries valid for the actual microwindow

jgeo=1—igeo
if (iocsim(jgeo,imw)=0)

loop 2 ver general wavenumber fine grid
ksigma=1—isigma(imw)

condtion 1 the walue of the spedrum correspondng to pant ksigma has to be @lculated and nd
interpolated.

Operations 3-9 have to be performed orly if either an irregular grid is not available for the
considered mw or the irregular grid is available but the point ksigma @rresponds to ‘1’ on the
irregular grid.

if (.nat. lirrgridmw(imw) .or. (lirrgridmw(imw) .and.iigrid(ksigma, imw, 1) .eq. 1))

loop 3 wer thelayers of the actual geometry
klay=1—nlay
nlay=itglejgeo)-1 is the tangent layer.

loop 4 wer the layess of the actual geometry for which the cntinuum derivatives are @lculated
jder=iderlay(igeocder(jgeo,1),1) »nlay

iderlay(igeocder (jgeo,1),1) is the highest layer for which the cntinuum derivatives have to be
determined.

loop 5 ove the levds for which the ontinuum derivatives are alculated
jder=igeocder(jgeo,1) —igeocder(jgeo,2)
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loop 6 over the levds for which the vimr derivatives are alculated
jder=igeogder (jgeo,1) »igeogcer (jgeo,2)

Condtion 2 irregular grid is available for the actual microwindow

Only if anirregular grid is avail able for the adual microwindow (if lirr gridmw(imw) is true),
either operations 8. and 9. o operations 10.and 11.(i.e. dired interpolation/ convdution)
are performed, aherwise only convdution (12) is performed.

Beqgin condtion 3 cubic interpolation hasto be used

if (cint(imw) .eg. ‘cub’ .or. ‘CUB’), cubic interpalation has to be performed between the points of
the spedrum on the ommpressed gid; if thisis not the cae, it means that (cint(imw) .eq. ‘lin’ .or.
‘LIN’), and as consequence linea interpaation has to be performed between the points of the
spedrum onthe compressed gid.

1. Initidlisation d variables and Pladk function for later interpolation
Output variables st to 0.

The total number of points nsig of the grid to be used for the Radiative Transfer computation is
determined. If an irregular grid is avail able, the compressed grid is used and nsig= nused1(imw), if
theirregular grid is nat avail able, nsig= isigma(imw).

The Planck function values at the first grid pdnt and the last grid pant of the acua microwindow
and from this the increment for the later linea interpolationis caculated for the temperatures of the
profil es of the main gas (rtmain). Thisisdorefor al different IAPT-numbers (1 < jpath < ipath).
The formula used for the Planck functionis:

rcl-o°

rhek - o
exp T -1

B=

T = rtmain(jpath)
o=dsigma(l,imw) or o= dsigma(isigma(imw),imw)
(rcl, rhck parameters)

Care has to be taken to perform a wrred interpoation d the Plank function when the
compressed gid is used (i.e. if lirrgridmw(imw) = true): in this case the value of the Planck
function correspondng to the adua point i of the compressed grid is obtained adding to the
Planck function value & the first grid pdnt the product of the wefficient of the linea
interpolation times (igridc(i,imw)-1).

2. Interpdate Planck function

Using the values cdculated in 1. the Planck function is linealy interpolated to the adud
wavenumber for all |APT numbers (jpath=1—ipath):

The results are the interpolated Planck function values for the T-profil e (rtmain):

di(jpath),
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3. Calculation d the transmisson
The transmisgonfor ead layer is cdculated by the formula

[ rclay(klay,imw)- raircol (Klay,imw)-10%° + |
rtau(klay) = exp—| igas {rcross(ksig,ipdnt(klay, jgeo),mgas)-} I

| e | reol (Klay, jgeo, igasnr(mgas, imw))

Two ather variables are dso determined:

klay—1
rtaul(klay) = H rtau(l)
I=1
and:
nlay
rtauklay) = rtaul(klay) - rtau(klay) - H rtau(l)?
I=klay+1

with: nlay = itglev(jgeo) —1, the number of layersfor the adual geometry,

m-1
and the definiti on: H x =1.

I=m

4. Calculation d the radiative transfer
The spedrum is determined by the equation:

nlay

rsp(ksig) = Z db(ipaint(klay, jgeo)) - (1- rtau(klay))(rtaulklay) — rtaukiay))

klay=1

with: nlay = itglev(jgeo) -1,
and db, the value of the Planck function for ead IAPT-number. db was determined in 3. bylinea
interpolation to the acua general fine grid wavenumber.

5. Calculation d the mntinuum derivatives with resped to the continuum layer values and the
derivatives with resped to the wlumn layer values

In this dion the mntinuum derivatives with resped to the layer values of the wntinuum and the
derivatives with resped to the layer columns of the main gas are cdculated for the layers (jder).
The formulafor the continuum is:
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rcder2( jder) = —raircol ( jder, jgeo)-10*°.

( jder-1

> 2-rtauKlay)- di(ipaint(kiay, jgeo))-(1- rtau(klay))

(rtau2( jder)— )

Lrtau(jder)-(rtau](jder)+ 2. rtau2(jder))J
ey (diyipaint(klay, jgeo))- (1- rtau(klay))-)

fmay: | (rtaul(klay) + rtau klay))

+db(ipaint( jder, jgeo))-

and formulafor the main gesis:

rgder2(jder) = —rcrosgksig,ipoint(klay, jgeo),l) -

(jder—l

Z 2-rtauKlay) - d(ipoint(kiay, jgeo)) - (1- rtau(klay))
klay=1
+db(ipoint(jder,JgeO))'(rtaUZ(Jder)_ )]

rtau(jder) - (rtaul(jder) + 2 rtau2 jder)

nlay [db(ipoi nt(klay, jgeo)) - (1- rtau(klay)) }
’ Z (rtaul(Klay) + rtau klay))

L klay=jder+1

6. Calculation d the continuum derivatives with resped the ntinuum level values
The oontinuun derivatives with resped to the @ntinuum level values (rcder) are determined by
using the results from 6. which are multiplied by the inpu rpartcder:

iderlay( jder,3)
rcder (ksig, jder) = Z rcder2(klay) - rpartcder (klay, jder,imw)
klay=iderlay( jder,1)

7. Caculation d the vmr derivatives with resped the vmr level values
The vmr derivatives with resped to the vmr level values are determined by wsing the results from 6.
which are multiplied bythe input rpartgder:

iderlay( jder,2)
rgder (ksig, jder) = Z rgder2(klay) - rpartgder (klay, jgeo,1)
klay=iderlay( jder,1)
iderlay( jder,3)
+ Z rgder2(klay) - rpartgder (klay, jgeo,2)
klay=iderlay( jder,2)+1

8. Computation d coefficients for the aubic interpalation for spedrum,
continuum and VMR derivatives
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For eat pant i of the ompressd grid between 2 and (nused1(imw)-2),

doi=2,nsig-2

the wefficients of the aubic interpdationa, b,c acordingto the following

equation:

Y=Y, +a-(x=x,) +b-(x=x,)" +c-(x=%,),

with (x,, y,) coordinates of the second d the four paints used for making the

interpolation,

for spedrum, continuum and VMR derivatives, are omputed in two steps.

First of al the variables which are independent on the value of the spedrum,

continuum and VMR derivatives are momputed:

ii2=igridc(i,imw)
i13=igridc(i+ 1,imw)
il 1=igridc(i-1,imw)
ii4=igridc(i+ 2,imw)
iD12= iil-ii2
iD13=iil-ii3
iD14= iil-ii4
iD23= ii2-ii3
iD24=ii2-ii4
iD34=ii3-ii4

rdcl=1.d0dble(iD12*D13*D14)
rdc2=1.d0dble(iD12*D23*D24)
rdc3=1.d0dble(iD13*D23*D34)
rdc4=1.d0dble(iD14*D24*D34)

Then the variables c1, c2, c3, ¢4, degpendent onthe four points throughwhich the
interpolating pdynomial is drawn, are computed: in the cae of the spedrum we have:

cl=rsp(i-1)*rdcl
c2=-rsp(i)*rdc2
c3=rsp(i+1)*rdc3
cA=-rsp(i+2)*rdc4

In the cae of VMR derivatives:
cl=rgder(i-1,der)*rdcl
c2=- rgder(i,jder)*rdc2
c3= rgder (i+1,der)*rdc3
c4=- rgder(i+2,jder)*rdc4,

jder= igeogder(jgeo,1) — igeogder(jgeo,?)

In the cae of continuum derivatives:
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cl=rcder(i-1,der)*rdcl
c2=- rcder(i,jder)*rdc2
c3= rcder (i+1,jder)*rdc3
c4=- rcder(i+2,jder)*rdc4,

jder= igeocder(jgeo,l) — igeocder(jgeo,2)
Thea, b,c coefficients are determined by the foll owing formula:

di)=cl+c2+c3+c4
li)= =-(c1*dble(ii 4+ii 3+ii 2)+ c2*dbl e(ii 4+ii 3+ii 1)+ c3*dbl (i 4+ii 2+ii 1)+
c4*dble(ii 3+ii 2+ii 1))+ 3.0d0*ai )*dbl &(ii 2)
c(i)= cl*dble(ii4*ii 3+ii 4*ii 2+ii 2*ii 3)+ c2*dbl e(ii 1*ii 3+ii 4*ii 1+ii 4*ii 3)+
c3*dble(ii 1*ii 2+ ii 4%ii 1+ii 4%ii 2)+ c4*dbl e(ii 1*ii 2+ii 3*ii 1+ii 2*ii 3)+
+3.0d0*a(i)*dble(ii 2*ii 2) -2.0d0*dde(ii 2)* (c1*dble(ii 4+ii 3+ii 2)+
+c2*dble(ii 4+ii 3+ii 1)+ c3*dbl e(ii 4+ii 2+ii 1)+ cA*dbl e(ii 3+ii 2+ii 1))

The oefficients a, b,c for the VMR derivatives are stored in the
following matrices:

agder(i, jder = igeogder(jgeo,1) — igeogder(jgeo,2) )

bgcer (i, jder = igeogder (jgeo,1) — igeogder(jgeo,?))

cgder (i, jder = igeogder(jgeo,1) — igeogder(jgeo,?) )

The mefficients for the continuum derivatives are stored in the foll owing matrices:
ader (i, jder= igeocder(jgeo,1) — igeocder(jgeo,?) )

bder (i, jder= igeocder(jgeo,1) — igeocder(jgeo,?) )
cder (i, jder= igeocder(jgeo,1) — igeocder(jgeo,2) )

9. Dired cubic convdution andinterpolation

For the meaning d subsequent computations, please refer to description o routine
read_irregular grid_pt, par. 2.2.30.

Thedired interpdation/ convdutionis performed using the efficients computed
in 8.and the matrices rsan(imxi,imxsi2,4 jmxmw) and li m(2,imxi,i mxmw)
computed byroutine read_irrgrid_vmr.f.

For ead jsam between 2 and (nsam(imw)-1), the value of the low resolution
spedrum is computed using the foll owing formula:

i _ Him(L, jsamimw)+ilim(2, jsamimw)-1 " rgn(j) . rsan( jsam,i,1, imw) + a(i) - rsan( jsam, i 4, imw) +
rspt(jsam jgeo) - 3 ( p(i) - rsan(j ) +a(i)-rsan(j ) J

+b-rsan( jsam,i,3,imw) + ¢ - rsan( jsam,i,2,inw)

ilim(1, jsam,imw)
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At the end the low resolution spedrum is normali sed:
rspct( jsam, jgeo) = rspct( jsam, jgeo) * rintil S(imw)

Sincethe first andthe last paint of the regular fine grid had na been taken into acourt during
the computation d rsan, an addition summation hes to be performed for
jsam =1 and jsarm=nsam(imw).

For jsam=1:

iIim(l,l,inw)+i|im(2,l,inw)1(rsp(i).rsan(l’iyl’irnvv)+a(i)_rsan(l’i,4,irnvv) +J

' =rsp(d) - rilg(nils,i
rspet(l jgeo) = rep(d). rils(nils imw) + +b-rsan(1,i,3,imw) + c-rsan(,i,2,imw)

i lim(1,1,imw)

rspct(1, jgeo) = rspct(1, jgeo) *rintil s(imw)

For jsam=j=nsam(i mw):
ilim(1, j,imw)+ilim(2, j ,imw)-1 Y. 11 1 1). 11 1
rspct(j, jgeo) = rsp(nsig) - rils(Limw) + ] (rSp(') rsa_n_(J"_’lmw)+a(') r.sén(.J'lA'mw)j
Tlim(L.] imw) +b-rsan(j,i,3,imw) + c-rsan(j,i,2,imw)

rspct(j, jgeo)= rspct( j, jgeo) *rintil s(imw)

The same operations have to be performed also for all the VMR derivatives
(rspctgder (jsam=1—nsam(imw),jgeo,jder = igeogder(jgeo,1) — igeogder (jgeo,2)))
and the continuum derivatives

(rspctcder (jsam= 1—nsam(imw),jgeo,jder = igeocder (jgeo,1) —igeocder (jgeo,2))).

] = nsam(imw)
C RSPCT
r8fac = rsp(1)*ril s(nil s,imw)
DO = ilim(1,1jmw), ilim(1,1jmw)+ilim(2,1jmw)-1
r8fac = r8fac + rsp(i)*rsan(1,i,1,imw) +

& a(i)*rsan(1,,4,imw) +
& b(i)*rsan(1,i,3,imw) +
& c(i)*rsan(1,i,2,imw)
ENDDO
rspct(1,geo) = r8fac* rintil s(imw)
DO jsam= 2, nsam(imw)-1
r8fac = 0.0D0
DO = ilim(1jsam,imw),
& ilm(1,jsam,imw)+ili m(2,jsam,imw)-1
r8fac = r8fac + rsp(i)*rsan(jsam,i,1,imw) +
& a(i)*rsan(jsam,i,4,imw) +
& b(i)* rsan(jsam,i,3,imw) +
& c(i)*rsan(jsam,i,2,imw)

ENDDO
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rspct(jsam,jgeo) = r8fac*rintil s(imw)
ENDDO
r8fac = rsp(nsig)*ril s(1,imw)
DO = ilim(1j,imw), ilim(1,j,imw)+ilim(2,j,imw)-1
r8fac = r8fac + rsp(i)*rsan(j,i,1,imw) +
& a(i)*rsan(j,i,4,jmw) +
& b(i)*rsan(j,i,3,imw) +
& c(i)*rsan(j,i,2,imw)
ENDDO
rspct(j,jgeo) = r8fac* rintil s(inw)
C RSPCTGDER
DO jder = igeogder(jgeo, 1), igeogder(jgeo,2)
r8fac = rgder (1 jder)*ril s(nil s,imw)
DO = ilim(1,1jmw), ilim(1,1jmw)+ilim(2,1jmw)-1
r8fac = r8fac + rgder(i,jder)*rsan(1,i,1,imw) +
agder(i,jder)*rsan(1,i,4,imw) +
bgder(i,jder)*rsan(1,,3,mw) +
cgder (i,jder)*rsan(1,i,2,imw)

Ro Ro Ro

ENDDO
rspctgder(1,jgeo,jder) = r8fac*rintil s(imw)
DO jsam= 2, nsam(imw)-1
r8fac = 0.0DO
DO = ilim(1jsam,imw),
ilm(1 jsam,imw)+ili m(2 jsam,imw)-1
r8fac = r8fac + rgder(i,jder)*rsan(jsam,i,1imw) +
agder(i,jder)*rsan(jsam,i,4,imw) +
bgder (i,jder)* rsan(jsam,i,3,imw) +
cgder (i,jder)* rsan(jsam,i,2,imw)

RoRo Ro  Ro

ENDDO
rspctgder (jsam,jgeo,jder) = r8fac* rintil s(imw)
ENDDO ! jsam
r8fac = rgder(nsig,jder)*ril s(1,imw)
DO = ilim(1j,imw), ilim(1,j,imw)+ilim(2,j,imw)-1
r8fac = r8fac + rgder(i,jder)*rsan(j,i,1imw) +
agader (i,jder)*rsan(j,i,4,imw) +
bgder (i,jder)*rsan(j,i,3,imw) +
cgder (i,jder)*rsan(j,i,2,imw)

Ro Ro Ro

ENDDO
rspctgder (j,jgeo,jder) = r8fac* rintil s(imw)
ENDDO ! jder
C RSPCTCDER
DO jder = igeocder(jgeo, 1), igeocder (jgeo,2)
r8fac = rcder(1,jder)*rils(nil s,imw)
DO = ilim(1,1jmw),ilim(1,1jmw)+ilim(2,1jmw)-1
r8fac =r8fac + rcder(i,jder)*rsan(1,i,1,imw) +
ader (i,jder)*rsan(1,i,4,imw) +
bder (i,jder)*rsan(1,i,3,imw) +
cder(i,jder)*rsan(1,i,2,imw)

Ro Ro Ro

ENDDO
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rspctcder (1,jgeo,jder) = r8fac* rintil s(imw)
DO jsam = 2, nsam(imw)-1

r8fac = 0.0D0

DO = ilim(1,jsam,imw),

& ilm(1 jsam,imw)+ili m(2 jsam,imw)-1
r8fac = r8fac + rcder(i,jder)* rsan(jsam,i,1,imw) +
& ader (i,jder)*rsan(jsam,i,4,imw) +
& bder (i,jder)*rsan(jsam,i,3,imw) +
& cder (i,jder)* rsan(jsam,i,2,imw)
ENDDO
rspctcder (jsam,jgeo,jder) = r8fac* rintil s(imw)
ENDDO'! jsam
r8fac = rcder(nsig,jder)*ril s(1,imw)
DO = ilim(1,,imw), ilim(1,j,imw)+ilim(2,j,imw)-1
r8fac = r8fac + rcder(i,jder)*rsan(jsam,i,1,imw) +
& ader (i,jder)*rsan(jsam,i,4,imw) +
& bder (i,jder)*rsan(jsam,i,3,imw) +
& cder (i,jder)* rsan(jsam,i,2,imw)

ENDDO
rspctcder (j,jgeo,jder) = r8fac*rintil s(imw)
ENDDO ! jder = igeocder(jgeo, 1), igeocder(jgeo,2)

10. Computation o coefficients for the linea interpolation for spedrum,
temperature perturbed spedrum and continuum derivative

For eat pant i of the ompressd grid between 1 and (nused1(imw)-1),
doi=1,nsig-1

the wefficient of the linea interpdation rmfor spedrum, continuum and VMR derivatives,
is computed as foll ows:
first of al the variables which are independent on the value of the spedrum,
continuum and VMR derivatives are momputed:

ii2=igridc(i,imw)

i13=igridc(i+ 1,imw)

rdcl=1.d0'dble(ii 3-ii 2)
The efficient rm(i) is determined by the foll owing formula

rm(i)=rdc1*(rsp(i+ 1)-rsp(i))

The mefficient rm iscomputed for al continuum and VMR derivatives.

The mefficient rmgder (i, jder = igeogder(jgeo,1) — igeogder(jgeo,2))
for the temperature perturbed spedrais equd to:




@) IROE

Development of an Optimised Algorithm for Routine p, T
and VMR Retrieval from MIPAS Limb Emisson Spedra

Prog. Doc. N.: TN-IROE-RSA9602

Issue: 3
Date: 07/02/02

Page 318395

rmgder (i,jder)= (rgder(i+1,der)-rgder(i,jder))*rdcl
The mefficient rmeder (i, jder = igeocder(jgeo,1) — igeocder(jgeo,2))
for the continuum derivativesis equal to:

rmcder (i,jder)= (rcder(i+1,jder)-rcder(i,jder))*rdcl

11.Dired linea interpdation/ convdution

For the meaning d subsequent computations, please refer to description o routine
read_irregular grid_pt, par. 2.2.30.

Thedired interpdation/ convdutionis performed using the efficients computed
in 10.and the matrices rsan(imxi,imxsi2,4jmxmw) and lim(2,imxi i mxmw)
computed byroutine read_irrgrid_vmr.f.

For ead jsam between 1 and (nsam(imw)), the value of the low resolution
spedrum is computed using the foll owing formula:

ilim(1, jsam,imw)+ilim(2, jsam,imw)-1
rspct(jsam, jgeo) = > (rsp(i) - rsan( jsamyi L, imw) + rm(i) - rsan( jsam,i, 2,imw) )

ilim(1, jsam,imw)

At the end the low resolution spedrum is normali sed:
rspct( jsam, jgeo) = rspet( jsam, jgeo) * rintil (imw)

The same operations have to be performed also for all the VMR derivatives
(rspctgder (jsam=1—nsam(imw),jgeo,jder = igeogder(jgeo,1) — igeogder (jgeo,2)))
and the continuum derivatives

(rspctcder (jsam= 1—nsam(imw),jgeo,jder = igeocder (jgeo,1) —igeocder (jgeo,2))).
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DO jsam= 1, nsam(imw)

C RSPCT
r8fac = 0.0DO
DO = ilim(1jsam,imw),
& ilIm(1,jsam,imw)+ili m(2,jsam,imw)-1
r8fac = r8fac + rsp(i)*rsan(jsam,i,1,imw) +
& rm(i)* rsan(jsami,2,imw)
ENDDO

rspct(jsam,jgeo) = r8fac* rintil s(imw)
C RSPCTGDER
DO jder = igeogder(jgeo, 1), igeogder (jgeo,2)

r8fac = 0.0DO
DO = ilim(1,jsam,imw),
& ilm(1 jsam,imw)+ili m(2 jsam,imw)-1
r8fac = r8fac + rgder(i,jder)*rsan(jsam,i,1imw) +
& rmgder (i,jder)* rsan(jsam,i,2,imw)
ENDDO

rspctgder (jsam,jgeo,jder) = r8fac* rintil s(imw)
ENDDO ! jder = igeogder(jgeo, 1), igeogder (jgeo,2)
C RSPCTCDER
DO jder = igeocder(jgeo,1), igeocder (jgeo,2)

r8fac = 0.0DO
DOi = ilim(1,jsam,imw),
& ilm(1 jsam,imw)+ili m(2 jsam,imw)-1
r8fac = r8fac + rcder(i,jder)*rsan(jsam,i,1,imw) +
& rmcder (i,jder)* rsan(jsam,i,2,imw)
ENDDO

rspctcder (jsam,jgeo jder) = r8fac* rintil s(inw)
ENDDO ! jder = igeocder(jgeo,1), igeocder(jgeo,2)
ENDDO ! jsam= 1, rsam(imw)

12.Convdution d the spedra and cerivatives with the AILS function

In a cdl to modue conv_vmr the mnvdution with the AILS function rils is performed for the
original spedrum rsp, for the cntinuum derivatives rcder and for the VMR derivatives rgder. The
results are the spedra and derivatives on the genera coarse wavenumber grid: rspct, rspcteder,

rspctgder.

3.2.12 ABCALC_VMR

Description

Thismodue cdculatesthe matrices A =K "'S™K, and B” :(KTS’l)T (seeADG for the definition o

these matrices).

Variables exchanged with external modules
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Name Description

rjamb The K matrix (used dmensions (itop*iohs))

rvemobinv | Inverse of the VCM of the observations, na divided by the square of the
noise

ra A matrix of [AD6]

rbt Transpose of the B matrix of [AD6]

iobs total N. of observations

itop total n. o unknown parameters

nselmw Number of seleded microwindows (used to build S* matrix)

ilim bmw ilimbmw(imxmw) = n. o sweeps at which the airrent MW is used

nsam nsam(imxmw) = n. d sampling pointsin eat MW (coarse grid)

rnoise Noise used to build the S* matrix

ilimb ilimb = N. of considered swees

lokku lokku(imxgeo,imxmw) = MW occupation matrix

Prog. Doc. N.: TN-IROE-RSA9602
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Module structure
This modue mmputes A, and transpose of B, B!, matrices. The S* matrix is a block diagonal
matrix. The square sub-block referring to the j-th MW has dimension equal to nsam(j). The
number ‘Nblocks of blocks of S* is given by the summation on al the microwindows
(=1..rselmw) of ili mbrmw(j).

e Step 1

The rjacob matrix (itop,obs) is divided in blocks. The block referring to a considered geometry of

microwindow j has dimensions (itop*nsam(j)).

o Step 2

Each bock is multiplied by the correspondng j-th square block (dimension nsam(j)- nsam(j) of

rvemobinv matrix; the result is copied in the arrespondng block of matrix B.

S MATRIX
S,
1 >
K' MATRIX B MATRIX
KK, e k., |k | X - K |K, K| K
s s | ol s
Su
S,

e Step 3

Matrix B ismultiplied by K matrix to get A matrix.

o Step 4

If LOSinfoisto beused it cdculates matrix B; and adds the contribution K | (V) 'K , to matrix A.
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Detail ed description

* Standard cdculation (A=K SM-1*K):
icount=0
doj=1,mselmw
do k=1,limb
if (lokku(k,j))then
C Set up constant multiplier (instead of divider)
rnoise2 = SNGL(1.0D0/rnoise(j,k)**2)
* Multi plicaion rjamb * rvemobinv (Kt * V** -1):
do=1,itop
dan=1, nsam(j)
C Inititi ali se acamulator with first element and shorten loop
rtempl = rjacob(1+icourt,|)* rvemobinv(1,m,j)
danl =2, nsam(j)
C Single predsion arithmetic
rtempl=rtempl+
& rjacob(ml1+icoun,|)* rvemobinv(ml,m,j)
end do
rbt(icount+m,l)=rtempl*rnoise2
end do
end do

icournt = icourt + nsam(j)
endif
end do !endloopLS (k=1,..ilimb)
enddo !endloopMWs(j=1,...rselmw)

* Multiplicaion d rb *rjamb--->ra
do k=1,top
doj=1,k
C Inititi ali se acamulator with first element and shorten loop
C Use single predsion arithmetic
rtempl = rbt(1,))*rjacob(1,k)
dd =2, iobs
rtempl = rtempl + rbt(l,j)* rjacob(l,k)
end do
rl = DBLE(rtempl)
ra(j,k) =rl
ralk,j)) =rl
end do
end do

return
end
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3.2.13 DIFCHI_VMR

DIFCHI_VMR]
-----CHISQ VMR *

Description

It cdculatesthe y? function that has to be minimised in retrieval procedure.

After the mmputation d the vedor of the residuals (rnres) from the observed (robs) and simulated
(rspfov) spedra, it performes the matrix product between the transpase of rnres and rnres, weighted
by the inverse of the variance @variance matrix of the observations (rvemobinv).

Variables exchanged with external modules:

Name Description

iobs total number of observations

itop total number of parametersto be fitted

robs robs(imxi,imxgeo,imxmw)): observed spedra arrespondng to the different

tangent altit udes and dff erent microwindows (on the marse frequency grid)
rspfov rspfov(imxi,imxgeo,imxmw): simulated spedra crrespondng to the diff erent
tangent presaures and dff erent microwindows on the frequency coarse grid: (

rspct * FOV )
rvemobin | rvemobinv(imxi,imxi): elementary block of the inverse of the variance
% covariancematrix of the observations associated to the wider microwindow.
real*4
rnoise rnoise(imxmw,imxgeo):NESR dependent on geometry and microwindowv
nsam nsam(imxmw): no. d sampling pointsin eacy MW (coarse grid)
nselmw | total number of seleded microwindows for the retrieval
ilimb number of measured geometries
lokku lokku(imxgeo,imxmw)  occupation matrix used for the seledion o

operational MW’ s for ead observation geometry

ilimbmw | ilimbmw(imxmw): number of valid measured geometries per microwindowv
number of 2 in ead column of iocsim)

iterg iterg = index of the adual iteration

rnres rnres(imxobs) : vedor of the differences between the observated spedraand
the cdculated oresfirst al the geometries of the first microwindow starting
from the first geometry, then al the other microwindows

rchisq rchisg(O:imxite): total chi-square for ead iteration

rchisgp | rchisgp(imximb,imxmw) chi-square for ead olservation geometry and eat
microwindow

Module structure

1. Cdculation d the vedor of the residuals

2. Control onthe correanessof the mmputations
3. Definition o Ipart

4. Calculation d chi-square

5. Storage of chi-square.
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Detail ed description

* Caculation d theresiduals vedor:
jobs=0
doimw=1,nselmw
lgeo1=0
do kgeo=1,limb
if (lokku(kgeo,imw)) then
lgeo1=kgeol1+1
dgsig=1,nsam(imw)
jobs=jobs+1
rnres(jobs) = robs(jsig,kgeo,imw) - rspfov(jsig,kgeolimw)
end do
endif
end do
end do
* Internal consistency chedk (the program never stops hereif there ae no bugs):
if (iobs.nejobs)stop 'program stopped in dfchi’
* Since dso the partia chi-square hasto be computed we set Ipart = TRUE in order to ask ‘chisq’
* for the omputation d the partial chi-square.
|part=.true.
* Calculation d chi-square by using chisg_vmr modue
cdl chisg_vmr(rnres, iobs, itop, reelmw, ilim bmw, nsam, rnoise, rvemobinv, Ipart, rchi, rchisgp,
ilimb,
lokku, rnreslos, rinvclos, lextinfl)
* Storage of the mmputed chi-square
rchisg(iterg)=rchi
end

3.213.1 CHISQ_VMR

Description

It cdculates y* value, performing the matrix prodict between the transpose of rnres and rnres,
weighted by the inverse of the variance @variance matrix of the observations (rvamobinv). If this
subroutine is cdled with ‘Ipart’ = TRUE, it cdculates aso the partial chi-square related to the
differnt MWs and sweeps.

Variables exchanged with external modules

Name Description

rnres rnres(imxobs): vedor of the differences between the observed spedra and
the cdculated ores; first al the geometries of the first microwindowv
starting from the first geometry, then all the other microwindows

iobs total number of observations

itop total number of parametersto be fitted

nselmw | total number of seleded microwindows for the retrieval

ilimbmw | ilim bmw(imxmw): number of valid measured geometries per microwindow
(number of 2 in ead column of iocsim)
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nsam nsam(imxmw): n. o sampling pointsin ead MW (coarse grid)
rnoise rnoise(imxmw,imxgeo): NESR dependent on geometry and microwindow
rvemobin | rvemobinv(imxi,imxi): elementary block of the inverse of the variance
% covariancematrix of the observations related to the widest microwindow.
real*4
|part switch for enabli ng the storage of the partial chi-square
rchi returned value of the »* function
rchisgp | rchisgp(imximb,imxmw) chi-square for ead olservation geometry and
eat microwindow temperature profil es
ilimb number of measured sweeps
lokku lokku(imxgeo,imxmw): MW occupation matrix used for the seledion o
operational MW’ s for ead observation geometry.

M odule structure:
T

1. Calculation d the matrix product: (rnres) -(S)_l-(rnres)
2. Storage of partial chi-square
3. Calculation d total reduced chi-square

Detailed description:

* Calculation d the n. o degrees of freedom ‘ifrede’ of the problem: observations - parameters
ifrede =iobs- itop
* Some initi ali sations:
rchi=0.  !initialisation d chi-square
inres=0 ! index of vedor rnres (vedor of the residuals)
* cdculation d the dhi-square:
do 10mw=1,nselmw
lgeo1=0
do 20 geo=1,llimb
if (lokku(kgeo,imw))then
kgeol=kgeol+1
rchi1=0.
do 3@sig=1,nsam(imw)
rpart(jsig)=0.
do 4@sig1=1,nsam(imw)
rpart(jsig) = rpart(jsig) + rnres(jsigl+inres) * rvemobinv(jsigl,jsig,imw) ! transpose of
nres* rvcmobinv
40 continue
rchil=rchil+rnres(jsig+inres)* rpart(jsig)
30 continue
inres=inres+nsam(imw)
rchil=rchil/(rnoise(imw,kgeo)* rnoise(imw, kgeo))
if(Ipart)rchisgp(kgeolijmw)=rchil
rchi=rchi+rchil
endif
20 continue
10 continue
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*  Cadculation d the total reduced chi-square:
rchi = rchi / ifrede

end
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3.2.14 AMODIF_VMR

Description
Multiplication d the diagonal elements of the matrix ra by (1+rlambda).

Variables exchanged with external modules

Name | Description

ra matrix defined as (transpose of rjacb) * rvemobinv * rjacob

(asthe output the diagonal elements are multi plied with 1+rlambda
rlambda | Marquardt damping fador

itop total number of parametersto be fitted

i par ipar = number of parameter-levels (i.e. N. of elements of rzpar vedor)
icontpar | n. o fitted continuum parameters

Module structure
1. Multiplication d the diagona elements with 1+rlambda A personaised damping fador is
used for the dements which correspondto continuun parameters.

Detail ed description

1. Multiplication d the diagonal e ements by 1+rlambda

For1<j<itop:

if j>ipar AND j <ipar + icontpar then
ra(j, j)=ra(j, j)-(1+rlambda* 100

else
ra(j, j)=ra(j,j)-(1+ rlambda)

endif

3.2.15 NEWPAREST_VMR

NEWPAREST_VMR]
[(((+CHISQ_VMR *

Description
Caculates the new estimate of the vedor of the unknowvn perameters rxpar and, if iterm=0,
céculates the y%in the linea approximation as well.




Prog. Doc. N.: TN-IROE-RSA9602

B ROE | e e Ao T | e
Date: 07/02/02 Page 327395
Variables exchanged with external modules

Name Description

rainv matrix inverse of ra

rbt matrix B' defined as transpase((transpose of rjacob) * rvemobinv)

rnres vedor of the diff erences between the observed spedra and the caculated
ones

rxparold vedor of thefitted parameters at the previous iteration

itop total number of parametersto be fitted

iobs total number of observations to be fitted

iterm micro - iteration index (Marquardt)

rjamb Jambian Matrix

rxpar vedor of the fitted parameters

rlinchisy | 4% cdculated in the linea approximation

rvemobinv | elementary block of inverse of the variance @variance matrix of the

(red*4) observations associated to the widest microwindow

rnoise NESR dependent on geometry and microwindowv

nsam number of sampling pointsin eadc MW (general coarse grid)

nselmw total number of seleded microwindows for the retrieval

ilimbmw | number of valid measured geometries per microwindow
(total number of *2'sin ead column of iocsim)

ilimb number of measured geometries (swees)

lokku occupation matrix used for the seledion o operational MW's for eah
observation geometry

Module structure

1. Set rxparold = rxpar

2. Cdculate the corredion for the parameters

3.1f theroutineis caled duing amaao-iteration, the linea % is computed
4. Calculation d the new parameters

Detail ed description
* Makes the badkup d the parameters vedor:
dojpar=1,itop
rxparold(jpar) = rxpar(jpar)
end do

* |nitiaisation d rxpar andlocd variable r2v

do 15 k1,itop
r2v(k)=0.d0
rxpar(k)=0.d0
15 continue

* cdculates the mrredion parameter vedor: y=(A™)Bn (rxpar is overwritten by this!!)

do 20 k1,top
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do 30=1,iobs

r2v(k)=r2v(k)+rbt(l,k)* rnres(l)
30 continue
20 continue

do 40 k1,itop
do 45par=1,itop
rxpar(jpar)=rxpar(jpar)+rainv(jpar,k)* r2v(k)
45  continue
40 continue

* if iterm=0 (maco-iteration) it cdculates the 'linea differencevedor' of the observations. n{lin} =
n-Ky
* j.e.rnredin =rnres-rjacob * rxpar
if (iterm.eq.0) then I begin condtion onmaao-iteration
do 5(Jobs=1,obs
r1=0.
do 60 kar=1,top
rl=r1+rjacob(jobskpar)* rxpar(kpar)
60 continue
rnreslin(jobs)=rnres(jobs)-rl
50 continue

* cdculates the linea chi square; rchisgpis not cdculated new for the linea chi square:

|part=.false.
cdl chisg_pt(rnredlin, iobs, itop, rselmw, ilimbmw, nsam, rnoise, rvemobinv, Ipart, rlinchisg,
rchisgp, ilimb, lokku, rnresloglin rinvclos,lextinf1)
endif I end condtion onmaao-iteration

* cdculates the new estimate of the parameters vedor:
do 7Qpar=1,top
rxpar(jpar)=rxparold(jpar) + rxpar(jpar)
70 continue
end
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3.2.16 UPDPROF_VMR

UPDPROF_VMR]
(((+FICARRA_VMR *

Description: updates the VMR profile of the main gas (retrieved gas), continuum profiles and
instrumental off sets on the basis of the new estimate of the parameters vedor rxpar.

Variables exchanged with external modules:

Name; Description:

rxpar rxpar(imxtop) = vedor of the fitted parameters

itop itop = total number of parametersto be fitted

ipar ipar = number of parameter-levels (i.e. N. of elements of rzpar vedor)

rzpar rzpar(imximb) = vedor of the dtitudes where the temperature profil e is fitted

rzbase rzbase(imxpro) = altitude of the base-levels

ibase ibase = number of base-levels

rchase rchase(imxpro,imxmw) = continuum on the base-levels for eadhh MW

nselmw nselmw = total number of seleded microwindows for the retrieval

rvmrbase rvmrbase(imxpro,imxgas) = volume mixingratio of the gases on the base levels

igas igas = total number of different gases

roffs roff s(imxmw) = instrumental off sets personali sed for microwindow

Iparbase Iparbase(imxpro) = logicd vedor which identifies the dtitudes where the T
profil e isfitted, among the dtitudes rzbase.

lokku lokku(imxgeo,imxmw) = occupation matrix used for the seledion of operational
MW's for ead observation geometry

ilimb ilimb = number of measured geometries

ili mbmw ilimbmw(imxmw) = number of valid measured geometries per microwindow
(number of 2 in ead column of iocsim)

icontpar icontpar = total number of continuum parametersto be fitted

isaved isaved(imxsav) = vedor containing all the necessary quantities for the
reconstruction of continuum profil es performed hy ficarra subroutine

nsam nsam(imxmw) = number of sampling paintsin ead MW (general coarse grid)

ifspmw ifspmw(imxmw) = index of the first sampling point of ead MW
* NOTE: the sampling point at frequency=0 has index=1

dstep dstep = distance between coarse-wavenumber grid pants [cm-1]

rjacon rjacon(imxpro*imxmw,imxcop) = jacobian matrix for the derivative of the
continuum base-level values with resped to the continuum parameters

nucl nucl = number of limb geometries to be skipped before starting continuum fit;
numbering starts from top.

rpbase rpbase(imxpro)= presaure & the base levels

Module structure and detail ed description
The modue proceals aong the steps identified by the following bull ets:

o All the'base inpu profil es are saved into 'old' vedors and matrices:
ibaseold = ibase
begin loopl on‘base’ levelsj=1, ...,ibaseold
rvmrbaseold(j) = rvmrbase(j,1)

Date: 07/02/02 Page 329395
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beginloopll onMW’s: k=1, ..., rselmw
rcbaseold(j,k) = rcbase(j,k)
endloopll onMW’s
endloopl on‘base’ levels

¢ Now theindexes of the 'base’ profil es that correspondto altit udes where the VMR profil e is fitted
areidentified:
k=1
begin loop onthe ‘base’ levels: j=1, ...,ibase
if Iparbase(j) = TRUE then: imodif(K)=]j, k=k+1
endloop onthe ‘base’ levels

e At this paoint k-1 shoud be equal to ipar. If these two quantities are different a fatal error is
produced and the program is sopped.

e cdculates now the scding fadors for the VMR profile for the regions above the highest fitted
point 'rtscalabove and below the lowest fitted pant 'rtscalbelow':
rtscalabove = rxpar(1)/rtbaseold(imodif(1))
rtscalbelow = rxpar(ipar)/rtbaseold(imodif(ipar))

e Updates now the VMR profile, this is dore in 3 steps. The obtained profile is recorded in the
vedor rvmrbase
Step 1 region above the highest fitted pant, the profileis sded
begin loop onlevels: k=1, ...,imodif(1)-1
rvmrbase(k,1) = rvmrbaseold(k) * rtscalabove
endloop onlevelsk
Step 2 region between first and last fitted pants (linea interpolation used).
begin loop on @rameter levels. j=1, ...,ipar-1
begin loop on levels where the VMR is changed by the arrent parameter:
k=imodif(j),..,imodif(j+ 1)
r3=rxpar(j+1)-rxpar(j)
r4=rzbase(imodif(j+ 1))-rzbase(imodif(j))
r5 = rzbase(k)-rzbase(imodif(j))
rvimrbase(k,1) = rxpar(j) + ((r3/r4)*r5)
endloop onlevels k where the VMR is changed by the arrent parameter
endloop on @rameter levelsj.
Step 3 region below lowest fitted pant, the profileis sded
begin loop onlevels. k=imodif(ipar)+1,...,ibase
rvmrbase(k,1) = rvmrbaseold(k) * rtscalbelow
endloop onlevelsk.

e Updatesthe vedor of the mntinuum parameters. rcpar(j) = rxpar(ipar+j) for =1, ...,
icontpar

e Updates continuum profil es and computes rjaccon by using FICARRA_VMR modue:
FICARRA_VMR(nsam,dstep,if spmw,rcbase,rpbase,ibase,nsel mw,ili mb,
rcpar,isaved,rjaccon)

e Updates the vedaor roffs of the instrumental off set:
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k=0
begin loop on @rameters: j=2*ipar+icontpar+1, itop
k=k+1

roffs(k) = rxpar(j)
endloop on prmeters |

3.2.17 CONVCHK_VMR

Description
Chedks whether the cnwvergence has been readed o afurther iteration (iterg) isrequired.

Variables exchanged with external modules

Name | Description
rchisq rchisg(0:imxite) = total chi-square & ead iteration

iterg iterg = index of the arrent maao-iteration

rlinchis | rlinchisg = value of the di-square, in the linea approximation,

q relative to the aurrent maao-iteration

rxpar rxpar(imxtop) = vedor of the fitted parameters at the aurrent
iteration

rxparol | rxparold(imxtop) = vedor of the fitted parameters in the previous

d iteration

i par n. o fitted pantsinthe T profile

itop itop = total number of retrieved parameters

iobs iobs = total number of fitted spedral data points

rlambda | rlambda =Marquardt’s damping fador

rthresl | rthresl = threshold n.1 wsed to chedk convergence aiteria

rthres2 | rthres2 = threshald n.2 1sed to ched convergence aiteria

rthres3 | rthres3 = threshald n.3 1sed to ched convergence aiteria

Iconver | lconverg = logicd variable which is TRUE only if the
g convergence has been reated

Detail ed description

e Initialisation d lconverg:
Iconverg = .FALSE.

o Ched that iterg > 0, aherwise stops the program. This is only a @nsistency ched, i.e. the
convergencehasto be cdhedked only after theinitial iteration.
if (iterg.lt.1) then
write(*,'(@)")'FATAL ERROR in CONVCHK: '
write(*,'(a)")'Subroutine CONVCHK has been cdled with iterg < 1.
write(*,'(@)")'--------- PROGRAM STOPFED ---------- '
stop
endif
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e Evaluation d the first convergence aiterion, i.e. variation d the di-square. The result is dored
inthelogicd variablelcritl:

rchivar = abs((rchisq(iterg)-rlinchisg)/rchisq(iterg))

Icritl = rchivar.lerthresl

e Evaluation d the semnd convergence aiterion, i.e. max. relative variation d tangent VMR

parameters. Theresult is dored in the logicd variable Icrit2:

rmaxvarpar = 0.
do 10Q=1, ipar
if (rxparold(j).ne.0) then

rvarpar = abs((rxparold(j) - rxpar(j))/rxparold(j))

endif

if (rvarpar.gt.rmaxvarpar) rmaxvarpar = rvarpar

100end do

lcrit2 = rvarpar.le.rthres2

e Thefina result of the mnvergence dheds in then evaluated:

lconverg = lcritl .or. Icrit2

3.2.18 AINVCAL_VMR

For the description d thismodue, seesedion 2.2.18.

3.2.19 OUTPUT_VMR

Description:

Routine which generates the output files described in [AD7]. Source ®de of this

modue is listed in [AD7]. Please note that this subroutine uses (a cdl to) the subroutine
cont_char_vmr.f in order to write-out the qualifiers charaderising continuum retrieved parameters.

The subroutine cont_char_vmr.f in described in Sed. 3.2.34.

Variables exchanged with external modules

Name Description

rxpar Seedescriptionin sedion 3.3
i par Seedescriptionin sedion 3.3
icontpar Seedescriptionin sedion 3.3
rainv Seedescriptionin sedion 3.3
nsam Seedescriptionin sedion 3.3
robs Seedescriptionin sedion 3.3
rspfov Seedescriptionin sedion 3.3
rchisq Seedescriptionin sedion 3.3
iobs Seedescriptionin sedion 3.3
itop Seedescriptionin sedion 3.3
iterg Seedescriptionin sedion 3.3
iterm Seedescriptionin sedion 3.3
rlambda Seedescriptionin sedion 3.3
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rlinchisq | Seedescriptionin sedion 3.3

ilimb Seedescriptionin sedion 3.3

igeo Seedescriptionin sedion 3.3

nselmw Seedescriptionin sedion 3.3

rchisgp Seedescriptionin sedion 3.3

dab Seedescriptionin sedion 2.3

lokku Seedescriptionin sedion 3.3

linloop Swich which alows (if true) to save only information concerning eat
iteration and nd information concerning the entire retrieval. (See the
source ®de in appendix)

Icfit Icfit(imxgeo,imxmw)= logicd matrix identifying atitudessMWs for
which a @ntinuum parameter isretrieved.

lcomat Iccmat(imxgeo,imxmw)=logicd matrix identifying atitudesMWs
where the ntinuun is assumed to be eua to its value & a
neighbouing MW,

nucl sweep above which the @mntinuum is nat fitted

rvcol rvcol (imxImb) = verticd columns of the main gas of the retrieval

rconc rconc(imxlmb) = concentrations of the main gas at the tangent altit udes

rvemcol rvemcol (imxImb,imxImb) = VCM of the main gas columns

rvemconc | rvemconc(imximb,imximb)=VCM of the main gas concentrations

3.2.20 LININT_VMR
For the description d thismodue, seesedion 2.2.20.

3.2.21 GRAVITY

For the description d this modue, seesedion 2.2.21This modue does nat require the inclusion d
the ‘parameters.inc’ fil e, therefore, the same modue can be used for bath p,T and VMR retrievals.

3.2.22 ESPINT_VMR
For the description d thismodue, seesedion 2.2.22.

3.2.23 LOGINT_VMR
For the description d thismodue, seesedion 2.2.23.

3.2.24 PTFROMZ_VMR
For the description d thismodue, seesedion 2.2.24.

3.2.25 CONV_VMR
For the description d thismodue, seesedion 2.2.25.

3.2.26 MWCONT_VMR
For the description d thismodue, seesedion 2.2.26.

3.2.27 FICARRA_VMR
For the description d thismodue, seesedion 2.2.27.
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3.2.28 CONCANDCOL

CONCANDCOL
(----PARTCOL >
K((+LININT_VMR *
((+PARTCOL >

Description:  This subroutine cdculates the verticd columns the cncentrations and related
variance- covariance data of the gas whose VMR profil e has been retrieved.

Variables exchanged with external modules

Name Description

rzmod rzmod(imxlev): heights of levels used for the radiat. tranf. cac.

rtmod rtmod(imxlev): temperature onlevels used for the radiat. transf. cdc.

rpmod rpmod(imxlev): presaure onlevels used for the radiat. transf. cac.

rxmod rxmod(imxlev): VMR of the main gas of the adual retrieval on levels used
for theradiat. transf. cdc.

itglev Vedor that asociates to ead geometry, the crrespondng number of the
tangent level.

igeo Total number of smulated geometries

Ifitgeo logicd vedor that identify the levels where the profil es are fitted: referred to
rzsi (to the simulated geometries)

rzbase altitude of the base-levels
rxbase VMR of the main gas on the base-levels
ibase number of base-levels

Iparbase | Iparbase(imxpro) = logicd vedor which identifies the dtitudes where the T
profileisfitted, among the dtitudes rzbase.

rainv matrix inverse of ra

rvemcol | rvemcol (imxlmb,imxIimb):

rvemconc | rvemconc(imximb,imxIimb):

rvcol rvcol (imxImb): total verticd column for the different limb views
rconc rconc(imxlmb): concentration d the main gas at the different tangent
altitudes

Module structure

1. Calculation d al the partial columns within the ‘mod levels

2. Cdculation d the total verticd columns for the different limbs and cdculation d the
concentrations at the tangent altitudes

3. Computation d the derivatives of the column with resped to the VMR at the fitted pants.

4. Calculation d the VCM associated to bah the concentrations and the total verticd column.

Detail ed description:

1. Cdculation d al the partial columns within the ‘mod levels
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For al the layers (lay = 1 — itgle igeo) - 1) the verticd column relative to a single layer is
cdculated by the routine partcol.

partcol (rzmod(lay+1), rzmod(lay), rtmod(lay+1), rtmod(lay), rpmod(lay+1), rpmod(lay),
rxmod(lay+ 1), rxmod(lay), rpvcol (lay))

2. Calculation d the total verticd columns for the different limbs and cdculation d the
concentration at the tangent altitudes

For ead limb geometry correspondng to an olservation the total verticd column is obtained by
summing the partial verticd columns computed in 1. The result is dored in the vedor
rveol (imximb).

Besides, the mncentration d the main gas correspondng to ead tangent atitude is cdculated by
multi plying the VMR of the gas at that altitude by the relative numerica density.

Theindex jjisstto 0
Begin looponall the smulated geometries: j=1, ....,igeo
Begin condtion: the geometry j corresponds to an olservation
(i.e. if Ifitgeo(j) istrue)
e theindex jj isincremented of one unit
itglev(j)-1
o rvool (jj) = ervool(k)
k=1
¢ the moleaule numericd density at the jj-th tangent altitude:
... rpmod(itglev())) 6
rden(l) = Limodtitglewi)) 0
and the main gas concentration:
rconc(jj) = rden(jj) - rxmod(itgleW(j))
are cdculated.
End condtion
Endloop

3. Computation d the derivatives of the columns with resped to the VMR at the fitted pants.
The derivatives are computed numericdly, so perturbed VMR profil es have to be generated first:
e Themodifying fador dx for the VMR ‘base’ profileis st up:
dx=1.01
¢ Then the indexes of the ‘base’ profil e that correspondto altitudes where the profil es are fitted
areidentified and stored in the vedor amodif (imxImb):
k=0
Begin looponthe levels of ‘base’ profiles:
Begin condtion: if level j corresponds to atangent atitude
(if Iparbase(j) istrue)
imodif (K)=j
k=k+1
End condtion
Endloop
e The perturbed VMR profil es are built:
Firstly we opy in the @mlumns of the matrix rxbasepert(imxpro, imximb) the unperturbed
VMR profil e of the main gas of the retrieval.
The perturbed profil es are obtained as foll ows:
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a) Perturbed VMR profile correspondng to the first (uppermost) parameter:
Begin loop on'base’ levels: k=1, ...jmodif(1)
rxbasepert(k,1) = rxbase(k) * dx
Endloop on‘base’ levels.
b) Intermediate VMR perturbed profil es:
Begin loop on prameters. j=2, ...jpar-1
rxbasepert(imodif(j),j) = rxbase(imodif(j) * dx
Endloop on grameters
c) Perturbed VMR profile correspondng to the last (lowest) parameter:
Begin loop on'base’ levels. k= imodif(ipar), ...,ibase
rxbasepert(k,ipar) = rxbase(k) * dx
Endloop on‘base’ levels.

e The so oltained perturbed VMR profilesin the ‘base’ grid are interpadlated to the ‘rzmod grid
by using LININT_VMR modue:

Begin loopl onthe parameters. k=1, ...,ipar

Begin loopll onthe ‘mod levels: j=1, ...,itgleigeo)

LININT_VMR(rzbase rxbasepert(1 k),ibase,rzmod(j),
rxmodpert(j,k))

Endloopll onthe ‘mod levels.

Endloopl| onthe parameters.

e The perturbed partial verticd columns are cadculated by using PARTCOL modue:
Begin loopl onthe parameters. kk=1, ...,ipar (ends at next bull et)
Begin loopll onthe ‘mod levels: k=1, ...,itgleigeo)-1
PARTCOL (rzmod(k+1),rzmod(k),rtmod(k+ 1),rtmod(k),r pmod(k+ 1),
rpmod(k),rxmodpert(k+ 1 kK),rxmodpert(k,kK),
rpvool pert(k,kK))
Endloopll onthe ‘mod levels.

e The perturbed total verticd columns are cdculated:
=0
Begin loopll ongeometries: j=1,...,igeo
if litgeo(j) = TRUE then
i=i+1
if kk <jj then
rvool pert(jj ,kk) = O.
Beginlooplll on‘mod levels: k=1,...,itgle\j)-1
rveol pert(jj ,kk)=rvool pert(jj ,kKk)+rpvecol pert(k,kk)
Endlooplll on*mod levels
else
rvool pert(jj ,kk)=rvool(jj)
endif
endif
Endloopll ongeometries
Endloop| onthe parameters

e Thejambian matrix for the transformation from VMR to columnsis computed:
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Beginloopl on parameters. k=1, ...,ipar
Begin loopll on parameters: j=1, ... ipar
rjcol(j,k) = (rvoolpert(j,k)-rvcol(j))/
(rxbasepert(imodif (K),k)-rxbase(imodif (k)))
Endloopll on parameters
Endloopl on parameters

4. Calculation d the VCMs related to verticd columns and concentrations.
The Variance - Covariance matrix rvemcol (imxlmb,imximb) of the vedor of the vertica columns
is computed by performing the foll owing matrix operation:

rvamcol = rjcol * rainv * (rjcol)’

where T indicaes the transpase of matrix.
The Variance - Covariance matrix rvemconc(imximb,imximb) of the vedor of the mncentrations
isthen computed as.
Begin loopl on parameters. k=1, ...,ipar
Begin loopll on parameters: j=1, ... ipar
rvemeconc(j,k) = rainv(j,k) * rden(j) * rden(k)
Endloopll on parameters
Endloopl on parameters

3.2.28.1 PARTCOL

Description: This subroutine cdculates the verticd column relative to asingle layer

Variables exchanged with external modules:

Name: | Description:

rz0 height of the lower boundry of the layer

rzl height of the higher boundary of the layer

rt0 temperature on the lower boundiry of the layer

rtl temperature on the higher boundary of the layer

rp0 pressure on the lower boundiry of the layer

rpl presaure on the higher boundry of the layer

rx0 VMR of the main gas onthe lower boundary of the layer
rx1 VMR of the main gas on the higher boundary of the layer
rpcol verticd column relative to the considered layer

Module structure:
Begin condtion 1 the temperature gradient is different from 0
1. Numericd cdculation d the partial column
Else ondtion 1 thetemperature gradient isequd 0
2. Anayticd cdculation d the partial column
Endcondtion 1
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Condtion 1
if |rtl—rtQ> 108, i.e. if the temperature gradient is sgnificantly different from 0, the

cdculation d the partial column is performed numericdly, otherwise the cdculation is
performed analyticdly.

1. Numericd cdculation d the partial column

The variable depsis st to 1073,

The numericd integral of the alumn is performed by the routine gsimp1, together with its sub-
moduetrapzl.

gsimp1(rz0,rz1,rt0, rtl, rp0,rpl,rx0, rx1, deps, rpcol ).

The @lumn (in number of moleaules per square cettimetre) of the adua path is finaly
cdculated by multiplying rpcol by a constant:

rpcol = rpcol -rk-107°,
where rk is a parameter contained in the file ‘parameters_vmr.inc’ and the fador 10° is due to
the fad that the VMRs are read from input in parts per milli on (ppm).

2. Anavticd cdculation d the partial column

After the cdculation d the foll owing preliminary quantities:

rx1—-rx0
rgx=——;
rz1-rz0
o —rt0-log(rpl/ rp0) ;
rz1—rz0
rc-(rzl-
rex0= exp (rz1-rz0) ;
rto
ro=rx0+ rto- rgx.
rc

rpcol isthen computed by using the formula:

rpcol = rk-lUG-%-[rO— rex0-(r0+rx1- er)].

3.2.28.2QSIMP1 & TRAPZ1

Description:
Starting from:
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¢ the value of temperature, presaure and VMR of the gas at the boundxries of the layer, which are
the limits of integration

¢ theinterpdationlaw in altitude of al these quantiti es inside the layer,
these two modues cdculate the numericd integral rpcol.

Variables exchanged with external modules

Name: | Description:

rz0 atitude of the lower boundry of the layer

rz1 altitude of the higher boundary of the layer

rt0 temperature mrrespondng to the lower boundary of the layer
rtl temperature mrrespondng to the higher boundary of the layer
rp0 presaure arrespondng to the lower boundry of the layer

rpl presaure crrespondng to the higher boundxry of the layer
rx0 VMR correspondng to the lower boundary of the layer

rx1 VMR correspondng to the higher boundary of the layer

deps required acasracy for the integrals cdculation

rpcol returned column o this path (to be moved to the dhosen measurement
units)

Module structure
See‘Numericd Redpesin FORTRAN’ [RD2] pag. 130-133.

Detail ed description

The structure of this modue is exadly the same of the one reported on ‘Numericd Redpes in
FORTRAN’, pag. 130-133.

In perticular, the integral is computed numericdly, by using Simpson rule: in the implemented
method, the trapezoidal ruleisrefined urtil aspedfied degreeof acaracy (deps) has been achieved.

Theintegral cdculated by gsimpl and trapzl moduesisthe foll owing:

rz1l

rpcol = J- X gas(2)- LG dz

T(2)

rz0

Xgas(2), P(2), T(2) represent respedtively the gas VMR, presaure and temperature behaviour as a
function d the dtitude, which isthe integration variable.

The values of presaure, temperature and VMR, at a particular height z is computed by the modue
ptxfromz (z, rz0, rt0, rp0, rx0, rz1, rtl, rpl, rx1, rti, rpi, rxi).

3.2.28.3 PTXFROMZ

Description
Starting from the value of presare, temperature, VMR at the boundxries of a given layer, this
modue cdculates the value of presaure, temperature, VMR for a given dltitude z inside the layer.




Prog. Doc. N.: TN-IROE-RSA9602

B ROE | e e Ao T | e
Date: 07/02/02 Page 340395
Variables exchanged with external modules:
Name | Description
z atitude, referred to the surface of the eath, where the values of
presaure, temperature, refradive index and VMR are required.
rz0 altitude of the lower boundary of the layer
rt0 temperature in correspondence of rz0
rp0 presaure in corresponcdence of rz0
rx0 VMR in correspondence of rz0
rz1 altitude of the higher boundary of the layer
rtl temperature in correspondence of rz1
rpl presaure in correspondcence of rz1
rx1 VMR in correspondence of rz1
rti returned temperature & z
rpi returned presaure & z
rxi returned VMR at z

Module structure:

1. Calculation d the temperaturerti at the dtitude z using alinea interpaation.
2. Cdculation d presaurerpi at the dtitude z using exporential interpolation.
3. Cdculation d VMR rxi at the dtitude z using alinea interpolation.

Detail ed Description:

1. Inside the layer, the temperature rti is linealy interpolated in atitude, knowvn the values of
temperature (rt0 and rt1) and the heights of the levels which mark the boundxries of the layer (rzO
andrzl).

2. The presaurerpi at atitude zis obtained performing an exporential interpolation d the values of
presaure onthe boundxries of the layer (rpOandrpl).

3. Thevaue of VMR at rzi isobtained by performing alinea interpolation o the values of VMR at
the boundxries of the layer (rx0 and rx1).

3.2.29 LINP_VMR

Description: Modue used to cdculate linea interpoationsin pressuure domain

Variables exchanged with external modules:

Variable | Description:

rX rx(imxpro) = vedor of 'ipro' elements containing the values to which
'ry(imxpro)' profileis referred.

ry ry(imxpro) = vedor of 'ipro' elements containing the profile used for
the interpolation

ipro ipro = number of elementsin rx(i) and ry(i) profiles

rx1 rx1 = value of rx where the value of the profileisrequired.

ryl ryl = value of the profile @rrespondng to rx1
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Algorithm Description
We have avedor ry(imxpro)containing a genera profile, the dements of this vedor are referred to
the grid recorded in the vedor rx(imxpro). The problem is to find the value of the profile
correspondng to the dtitude rx1 assuming a linea behaviour of the profile within the points
represented in ry(imxpro). For optimisation puposes, the vedor rx is suppacsed as orted with small
values for small values of the index (i.e stating from high atitudesif rx is apresare profil €).

Detail ed description

The caculation pgroceals in the foll owing two steps:

e Seach for theindex j so that: rx(j+1) < rx1 < rx(j);
e if an index j is found for which rx1 = rx(j) then we set ryl = ry(j) and we &it from the

subroutine.

¢ if nore of the two previous condtions can be satisfied, afatal error is produced (this can happen
only if the profiles are not ordered starting from high altitudes or the requested pressure rx1 does
not belong to the range wvered by the vedor rx).
e Linea interpdationisthen performed:

ryl = ry()+((ryG+1)-ry())/(rxG+1)-rx()))* (m<d-rx()).

3.2.29 ADDOFF_VMR
For the description d thismodue, seesedion 2.2.28.

3.2.30 READ_IRRGRID_VMR
For the description d this modue, refer to sedion 2.2.30.

3.2.31 READ_LOOKUP_VMR
For the description d thismodue, refer to sedion 2.2.31.

3.2.32 DECOMPR_VMR
For the description d thismodue, refer to sedion 2.2.32.

3.2.33 CONT_CHAR_VMR

Description

This subroutine evaluates the qualifiers that charaderise cntinuum retrieved parameters. The
routine is cdled by the output_vmr modue. In that occasion the qualifiers are caculated and
diredly written into the main ouput file of the aurrent VMR retrieval (xxxX_ou.dat).

Variables exchanged with external modules

| Name

| Description
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rxpar rxpar(imxtop) = vedor of the fitted parameters

rainv rainv(imxtop,imxtop)= VCM of the retrieved parameters

ilimb ilimb = number of measured geometries

ipar ipar = number of parameter-levels (i.e. N. of elements of rzpar vedor)

nselmw nselmw = total number of seleded microwindows for the retrieval

nucl nucl = number of limb geometries to be skipped before starting continuum fit;
numbering starts from top.

lokku lokku(imxgeo,imxmw) = occupation matrix used for the seledion of operational MW's
for ead observation geometry

I cfit [cfit(imxgeo,imxmw) = continuum occupation matrix

Iccmat [ccmat(imxgeo,imxmw) = logicd matrix which identifies altitudes & MWs where the
continuum is st equal to the continuum of aneaby MW (close-close MWS).

Detail ed description

* Thismodule cntainsthe dgorithm for deriving the quantitiesto be reported in Level 2 products
* for charaderisation of continuum fitted parameters, starting from the ORM variables.

*

* The matrix lccmat(imxgeo,imxmw) identifies among the MW¢/altit udes of the

* occupation matrix 'lokku',

* the MW¢/altit udes which are tightly grouped with the next (leftwards) MW/altitude where
* continuum isfitted. This matrix is computed in the modules 'mwcont_pt(vmr)'

*

subroutine cnt_char_vmr(rxpar,rainv,ili mb,ipar,nselmw,nucl,
& lokku,|cfit,lccmat)

implicit none

include 'parameters vmr.inc'
* Dedaration of variablesis omitted here.

icpar = 0 ! initialisation of a counter

* |niti ali sation of computed variables:

doi=1,ilimb
doj=1,nselmw
igroup_type(i,j) =0 I continuum parameter group_type
xsed(i,j) = 0.d0 I retrieved continuum crosssedion at sweep i and MW j
var(i,j) = 0.d0 I variance of xsed(i,j)
covx(i,j) =0.d0 I covariance between xsed(i,j) and retrieved VMR at sweep i
end do
end do

*

* Start of loop over sweegps where continuum is considered
* and loop over microwindows of the aurrent retrieval

*

doi=nucl+1,ilimb

doj=1,nselmw

I loop o sweeps (altitudes)
I' loop a1 microwindows

if (lokku(i,j)) then !if the aurrent mw j' isused at swee i’
if (Icfit(i,j)) then !if continuum isfitted at this svegp/mw
icpar =icpar + 1! icpar counts continuum parameters

*

* We have to setup the group_type(i,j) for the aurrent continuum parameter:

* 1 -thismw isisolated

* 2 - thismw is an edge of aloase group

* 3-thismw isaleftmost edge of atight group

* 4 - thismw is aleftmost edge of atight group AND an edge of aloase group
* 5 - thismw belongsto atight group (but is not an edge of the group)
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* 6 - thismw belongsto aloase group (but is not an edge of the group)

*

loose = .FALSE.

ltight = .FALSE.
* Look right:

dok=j+1,nselmw

if (.not.Icfit(i,k)) then
if (.not.lcomat(i,k).and.lokku(i,k)) loose=.TRUE.
if (Ilcomat(i,k).and.lokku(i,k)) Itight=-"TRUE.
else
goto 12
end if
end do
12 continue
* Look left:
dok=j-1,1,-1
if (.not.Icfit(i,k)) then
if (lokku(i,k).and.(.not.Iccmat(i k))) loose=.TRUE.
else
goto 13
end if
end do
13 continue
* Take adedsion:
if (.not.(loose.or.Itight)) igroup_type(i,j)=1
if (loose.and.(.not.Itight)) igroup_type(i,j)=2
if (Itight.and.(.not.loose)) igroup_type(i,j)=3
if (Itight.and.loose) igroup_type(i,j)=4

Kkkkkkkhk

* In VMR retrieval the following correspondences are valid:
xsed(i,j) = rxpar(ipar+icpar)

* var(xsed(i,j)) =
var(i,j) = rainv(ipar+icpar,ipar+icpar)

* cov(xsed(i,j),VMRXx(i)) =
covx(i,j) = rainv(i,ipar+icpar)

*kkkkkkk
else I'if continuum is not fitted at this svegp/mw

if (Icomat(i,j)) then
igroup_type(i,j)=5 ! the mw belongsto atight group

else
igroup_type(i,j)=6 ! the mw belongsto aloose group
end if
end if lend if cont. isfitted at this svegp/mw
end if end if mwisused at swee i’
end do I'end loop o microwindows
end do I'end loop o sweeps

* Writi ng into the main output fil e of the retrieval (xxxx_out.dat) :
doj=1,nselmw
doi=1,ilimb
write(29,'(a5,i2,89,i2)))mw =",j,", Imb ="
write(29,*)'group_type(Imb,mw) =", igroup_type(i,j)
write(29,*)'xsed(Imb,mw) =" xsed(i,j)
write(29,*)'var(xsed(Imb,mw)) =", var(i,j)
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write(29,*)'cov(xsed(Imb,mw),vmr(Imb)) =", covx(i,j)

end do
end do

end
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3.3 Variables and parameters used in the VMR retrieval program

The parameters used in VMR retrieval are described in the following table. These parameters are
defined in the  parameters_vmr.inc’ file.

Name Description Value

dcdop used in Dopper broadening: sgrt(2 In2 kavog / c"2) 3.5811737d7

dext extenson d the (already with iadd*delta extended) 0.4
microwindow where ioutin is st to 1[cm™]

dinvpi 1/pi 0.318309886

dsgin2 | sgrt(In2) 0.832554611

dsgpi sgrt(pi) 1.772453851

dtineig | minimim permitted value for the eagenvalues of A 1.0d40

iglclf the quaient between coarse and fine wavenumber grid 5
intervall s

imxapo | maximum number of points of the gpodsation function (path 513
diff erence domain)

imxbv max. number of base vedors of compressed look-up tables 10

imxcof | max number of coefficients for the cdculation d thequatient 4
of the partition sum (=4)

imxcop | max. nunber of continuun parameters 180

imxcta | max number of elements in the @rredion table of tangent 50
altitudes due to refradion index

imxept | max number of extra paths 1

imxfcs | max number of frequencies to which cross ®dions are 1
provided in the look-up tables

imxfpg | max number of elements in the fixed P grid imposed to the 50
retrieval

imxgas | max number of gasin theretrieval 10

imxgeo | max number of simulated observations 18

imxgmw | max number of gases per MW 4

imxhit number of gasesin the HITRAN 96 data base 36

imxha | max. number of hoes between true dements in the @lumns 100
of the occupation matrix

imxi maximum number of sampling points in the synthetic spedra 100
computed at the observed frequencies

imxsi2 | max number of ‘1 points in the irregular grids of the 1100
considered microwindows

imxilc max number of sampling point in the instrument line-shape 1000
function (course grid!)

imxils maximum number of sampling points in the instrument line- 2400
shape function (fine-grid')

imxism | max number of isotopes in HITRAN data base per moleaule 8
(=8)

imxiso | number of total isotopesin the HITRAN database 85

imxite maximum number of maao-iterationsin retrieval procedure 15
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imx;j maximum dimension d J matrix imxil cHmxi
(VCM obs=J-J")
imxlay | max number of layers for modelling the amosphere imxlev-1
(=imxlev-1)
imxlev | max number of levels used for modelli ng the amosphere 70
imxlin max number of lines per microwindowv 300
imxImb | max number of parameters to be retrieved for ead set of 18
parameters (p,T,C,vmr)
imxmw | max number of microwindowvs 20
imxnx max. number of p and T points considered in crosssedion 1000
look-up tables (nx=np*nt)
imxobs | max number of observationa paoint (for Jacbian matrix) 2700
imxpat | max number of possble paths (be caeful: imxpat* | imxlay+imxept* (imxg
imxsig*4*imxgas is the number of bytes needed for the €o-1)
biggest field (variable rcrosg in the program!)
imxpcs | max number of P to which cross dions are provided in the 1
look-up tables
imxpre | maximum number of points for the precdculated li ne shape imxsig
imxpro | max number of elementsin p,t profil es 100
imxpun | max. dmension d apointer in ficara pt 100
imxri max number of refradion indices provided in the 50
correspondng file
imxsav | max. dimension d the saved vedor used dy mwcont_pt and 3000
ficarra pt
imxsig | max number of wavenumber grid-points for amicrowindow 5500
imxsl max number of sub-levels between the pointings of the 20
simulations
imxsnc | max number of sampling point for the sinc function wsed to 4800
interpolate the instrument line-shape function
imxtcs | max number of T to which cross dions are provided in the 1
look-up tables
imxtop | max number of parametersto be fitted 60
imxvt max number of vibrational T provided in the mrrespondng 20
file
nrepiso | HITRAN isotope number of the gas for which the line shape 1
is precdcul ated
nrepcod | HITRAN code for the gas for which the line shape is 12
e precdculated (HNO3)
rairmass | average molec weigth of the ar (kg/kmol) (US STD) 28.9644
rbc Boltzmann constant (for density in mol/cm-3) 1.38065&-19
rcl constant in the Planck-function (2 hc"2) 1.191043934-3
ren constant in the refradionindex expresgon .000272632
(n=1.+(ren*rtOn/rpON)*p/T)
rdmult the number of Dopper half-widths from the line-centre from 30.
which the Lorentz function instead of the Voigt-function is
used Error: rdmult=10 -> 1.%% ; rdmult=20 -> 0.4% ;
rdmult=30->0.18%
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refind multi plicative cnstant in the expresson d refradion index rtOn*rcn/

n: refind= ren*rtOn/rpOn rpOn
repexph | referencehalf width exporent of the line to be precdcul ated 0.75
rephw0 | referencehalf width of the line shape to be precdculated 0.11
rgo acceeration d gravity (m/s**2) 9.80665
rhck h*c/k [K/cm-1] 1.4387687
rk 10°/rbc 10°/rbc
rmovr 1000 *rairmass/ R(=8314.32N.m/(kmol.K)]) 3.483676
rpOh reference presaure for pressaure broadening 1013.25
rpOn presaure onlevel seafor refradionindex cdculation 1013.25
rtOh reference temperature for pressaure broadening 296.
rtOint reference temperature for the line intensity 296.
rtOn temperature on level seafor refradionindex cdculation 288.16
rvif multiplier for (Dopder+Lorentz=~Voigt) haf-width to 0.1

determine the locd fine grid
rvmult rvmult is the number of (Dopper+Lorentz=~Voigt) half- 50

widths from the line-centre where the transition between

locd coarse andlocd fine grid occurs (rvmult >= rdmult !!

The variables used in VMR retrieval and exchanged by modues are listed in the table below

Name: Dim- Description: Modified in:
ension:
cint imxmw | charader*3: it indicates, for ead microwindow, what kind | read_irrgrid_
of interpalation hes to be performed between the spedra | vmr
points of the irregular grid.
delta distance between fine-wavenumber grid pdnts [cm™] inpu_vmr
deps maximum relative variation for ead iterationin cdculation | input_vmr
of curtis-godson variables
dsigmO central frequency of the line used for testing P levels[cm™] | inpu_vmr
dsigma | imxsig, | wavenumber fine grid for each microwindow [cm™] grid_vmr
imxmw
dsilin imxlin, | central wavenumber for ead line of eady Mw [cm™] inpu_vmr
imxmw
dstep distance between coarse-wavenumber grid pants[cm-1] inpu_vmr
iadd number of fine-wavenumber grid padnts to be added on| ails vmr
both sides of eat microwindov (due to the ils
convdution)
ibase number of base-levels chbase vmr
icode imxlin, | HITRAN moleaular code for ead line of ead Mw inpu_vmr
imxmw
icontpar total number of continuum parametersto be fitted guesgar_vmr
iderlay imximb | highest (x,1), lowest (x,3) and midde (x,2) (the one| mkplev_vmr
3 diredly abowe the perturbed layer) which is affeded by
eadt derivative (imxlmb refersto the parameter-levels)
iept adua number of extra paths inpu_vmr
ifsomw | imxmw | index of the first sampling point of eadct MW * NOTE: the | input_vmr
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sampling paint at frequency=0 hasindex=1
igas number of different gases for actual retrieval inigas vmr
igashi imxgas | HITRAN code number for ead globa gas number inigas vmr
igasmw | imxmw | number of gasesto be mnsidered for ead mw inigas vmr
igasnr imxgas, | globa gas number for the locd gas number of ead Mw inigas_vmr
imxmw
igeo number of simulated geometries occusim_vmr
igeocder | imxgeo, | for ead simulated geometry j the highest (igeocder(j,1)) | tcgeo vmr
2 and the lowest (igeocder(j,2)) parameter level which has to
be @mnsidered for the mntinuum-derivatives
ligrid imxsig, | irregular grid in the ‘O’ and ‘1’ representation for al the | read_irrgrid_
imxgeo, | fine grid pants of the extended microwindow imw vmr
imxmw
igridc imxsi2, | matrix which associates to ead microwindonv and ead | read _irrgrid_
imxmw | point of the compressed grid, the crrespondng index on | vmr
the regular fine grid.
il so imxlin, | isotope number for ead line of ead Mw. inpu_vmr
imxmw
ilev number of levels for simulations mkplev_vmr
ilim 2,imxi, | variable used for making the direa | read_irrgrid_
imxmw | interpolatior/convdution: vmr
ilim(1,jsam,imw): first point of the compressed grid to be
considered for the @mputation d the low resolution
spedral paint at jsam for microwindow imw;
ili m(2,jsam,imw): total number of points of the compressed
grid to be onsidered for the computation o the low
resolution spedral point at jsam for microwindow imw.
ilimb number of measured geometries inpu_vmr
ilimbmw | imxmw | number of valid measured geometries per microwindow | occusim_vmr
(number of 2 in ead column of iocsim)
ili ne imxmw | number of linesin ead microwindowv inpu_vmr
ilookup | imxmw | ilookupmw(imw)=0 nolook-up tables for mw imw inpu_vmr
mw ilookupmw(imw)=1 look-up tables for al the asorbers of
the mw
ilookupmw(imw)=2 look-up tables for not al the dsorbers
of the mw
imaingas HITRAN code of the main gas of the retrieval inpu_vmr
(=2 for CO, in the cae of p-T-retrieval)
imw number of the acual microwindowv fwdmdl_vmr
iobs total number of observationsto befitted occusim_vmr
iocsim imxgeo, | occupation matrix for the simulationsto performed occusim_vmr
imxmw | =0 nosimulationrequired,
= 1 simulation required withou FOV
= 2 simulation required with FOV
ioutin imxlin, | flag for eat line inpu_vmr
imxmw | =1: line-shape has to be cdculated at ead wavenumber
inside the microwindow
=2: lineis considered as neaby continuumn
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i par number of parameter-levels occusim_vmr

ipath number of different IAPT numbersinipoint point_vmr

ipoint imxlay, | matrix, which attaches to ead pair of layer/geometry the | point_vmr
imxgeo | IAPT number

ipro number of elements contained in P, T and VMR profiles | input_vmr

initial guess

irovmw | imxmw |the row of the Jacmobian matrix where the adua | occusm_vmr

microwindow starts

isigma imxmw | number of general wavenumber fine grid padnts in ead | grid_vmr

microwindow

iterg maao - iteration index (Gaus9 retr_vmr

iterm micro - iterationindex (Marquardt) retr_vmr

itglev imxgeo | number of the tangent-level for ead geometry mkplev_vmr
itop total number of parametersto be fitted guesgar_vmr
lcomat imxgeo, | This matrix identifies among the MW¢d/altitudes of the | mwcont_vmr
imxmw | occupation matrix 'lokku, the MWs & altitudes which are
tightly grouped with the next (leftwards) MW/altitude
where @ntinuum isfitted.

Iconverg logicd variable which istrueif convergenceisreaded convchk vmr

Ifit imximb | logicd vedor that identify the levels where the profiles are | inpu_vmr

fitted: referred to rztang (to the measured geometries)

Ifitgeo imxgeo | logicd vedor that identify the levels where the profiles are | occusim_vmr

fitted: referred to rzsi (to the simulated geometries)

lirrgridm | imxmw | logicd vedor that, for eat seleded microwindow in the | read_irrgrid_

w adua retrieval, indicaes whether the irregular grid is|vmr

available.

Imgas imxgm | Imgas(mgas,imw)=.true. : cdculation d crosssedions inpu_vmr
W,imx withou look-up tables read_lookup_
mw Imgas(mgas,imw)=.false. :cdculation o crosssedionsby | vmr

means of look-up tables

lokku imxgeo, | occupation matrix used for the sdledion d operationa | inpu_vmr
imxmw | MW'sfor ead olservation geometry

Iparbase | imxpro | logicd vedor that identify the levels where the profiles are | chbase vmr

fitted: referred to rzbase (to the base-levels)

nail sdp number of AILS data points inpu_vmr

napod imxapo | number of points of the godsation function in the | inpu_vmr

interferogram domain (rapod)

nils number of elements of ril s ails vmr

ninterpol switch for the dedsion d interpdation d the asorption | inpu_vmr

crosssedions for the geometries above the lowest
geometry (only if the IAPT number of the path is
increasing, which was dedded duing the cdculation d
ipoint)

=-1: nointerpaation, al crosssedions recdculated

=0: al crosssedions above the lowest geometry are
interpolated

=1: new cdculation orly of the tangent-layer, all other
layers interpolated
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=2: new cdculation d the tangent-layer and the layer
abowe, al othersinterpolated
=3 ...
nll imxg number of basisvedorsin crosssedion look-up tables read_lookup_
w, vmr
imx
mw
npl imxg number of -log(presaure) tabulation pants in crosssedion | read_lookup
mw, look-up tables vmr
imx
mw
nrd Ratio between general coarse grid step and general fine grid | input_vmr
step
nsam imxmw | number of sampling points in each MW (general coarse | inpu_vmr
grid)
nselmw total number of seleded microwindows for the retrieval inpu_vmr
ntl imxg number of temperature tabulation pants in crosssedion | read_lookup
mw, look-up tables vmr
imx
mw
nucl nucl+1 = upper parameter level for continuum fit retr_vmr
nusedl |imxmw | total number of points of the compressed grid for ead | rea_irrgrid_
microwindow vmr
ra imxtop, | matrix defined as (transpose of rjacob) * rvcmobinv * | abcdc vmr,
imxtop | rjacob amodif vmr
rail s imxilc, | apodsed instrument line shape for all seleded MWs inpu_vmr
imxmw
rainv imxtop, | matrix inverse of ra ainved _vmr
imxtop
raircol imxlay, | air-column for ead layer and ead geometry [moedcm™] curgod_vmr
imxgeo
rapod imxapo | apodsationfunctionin interferogram domain inpu_vmr
real*4
rapod si | imxilc | apodsation functionin spedral domain sinvcd_vmr
gma
real*4
rb imxtop, | matrix defined as (transpose of rjaab) * rvcmobinv abcdc_vmr
real*4 imxohs
rbase greder base of trapezium of Field of View function [km] inpu_vmr
rchase imxpro, | continuum on the base-levels for each MW [cm?/moled chbase vmr
imxmw
rcderfov | imxi, derivate with resped to continuum after fov convdution | fov_vmr
imxgeo, | [r.u/(cm?moled)]
imxlmb
rchisq O:imxit | total chi squarein the different iterations difchi_vmr
e
rchisgp | imxlmb | chi-square for ead olservation geometry and ead | difchi_vmr
Jimxm | microwindow temperature profil es
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w
rclay imxlay, | model-layer values of the @ntinuum [cm?/moled conlay_vmr
imxmw
rcol imxlay, | column amourts for eat layer, ead geometry and ead | curgod_vmr
imxgeo, | gas[moledcm?]
imxgas
rcolpert | imxlay, | columns of the main gas for the perturbed temperature | curgod_vmr
imxgeo, | profiles[moledcm?]
2
rconc imximb | Concentration profil e of the retrieved gas concandcol
rconint imximb | frequency range aoundead MW,in which the continuum | inpu_vmr
,jmxm | can be @nsidered as varying linealy. [cm™]
w
rconvc 3 thresholds used to chedk convergence aiteria inpu_vmr
(see @nvchk-description)
rcprof imxpro, | array containing continuum cross ®dion as a function d | inpu_vmr
imxmw | altitude and microwindow [cm?moled
rcross imxsi2, | absorption cross edions for ead irregular grid pant (1¥ | cross vmr
real*4 | imxpat, | index), eah IAPT number (2" index) and ead gas (3
imxgm | index) for the adual Mw [cm?/moled
w
rdpl imxg spadng of -log(presaure) tabulation in crosssedion look- | read lookup
real*4 W, up table vmr
imx
mw
ratl imxg spadng of temperature tabulation in crosssedion look-up | read_lookup
real*4 w, table vmr
imx
mw
reaad locd radius of curvature of the eath [km] inpu_vmr
redfac reduction fador applied to ‘rincz when it produces nat | input_vmr
accetable P levels
relow imxlin, | lower state energy for eadh line of eady Mw [cm™] inpu_vmr
imxmw
rexph imxlin, | exporent for temp. dependence of air-broadenedhalf width | inpu_vmr
imxmw
rexphref exporent for the cdculation d Lorentz h-w in mkplev inpu_vmr
rgderfov | imxi, derivate with resped to vmr after fov convdution fov_vmr
imxgeo,
imxlmb
rhwO imxlin, | air broadened half width [cm™/atm] at 296K inpu_vmr
imxmw
rhwOref half-width of the line used for testing P levels inpu_vmr
[cm™Y/atm] at 296K
rhwvar relative max. haf-width variation alowed between two | input_vmr
neighbouing P levels
rils imxils, | instrument-li ne-shape function in the frequency fine grid ails vmr
imxmw
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rincz trial increment given to altitude for building P levels inpu_vmr
rint0 imxlin, | lineintensity for ead line of ead Mw inpu_vmr

imxmw | [cm™/(molectcm™]
rintils ratio between the frequency step approximating | ails vmr
infinitesimal spedral resolution and the integral of the ILS
function
rjacon | imxlmb | jacobian matrix for the derivatives of the ntinuum | ficarra vmr
* parameter-level values with resped to the ntinuum
imxmw | parameters
imxtop
rjamb imxobs, | Jacobian Matrix jacsetmw_vm
real*4 imxtop | 1% index: observations r
2"%index: parameters
rki imxbv, | K-matrix read_lookup_
real*4 Imxnx, vmr
imxgm
w,
imxmw
rlambda Marquardt damping facor retr_vmr
(thisvalueisnow set up in retr_pt. In future versions it
should be read by input.)
rlat latitude of the adual limb-scan (deg.) inpu_vmr
rlinchisq x° cdculated in the linea approximation newparest_v
mr
rlolin imxlin, | lower limit where the line hasto be cmnsidered [km] inpu_vmr
imxmw
rmaxtvl max. alowed temp. variation ketween levelswhen: 0 < | inpu_vmr
atitude of level <rzt12[K]
rmaxtv2 max. allowed temp. vetiation ketween levels, when: | inpu_vmr
rzt12 < dtitude of level < rulatm [K]
rmrmod | imxlev, | volume mixing ratio for ead gas considered in adua | mkplev_vmr
imxgas | retrieval onlevelsused for rad. tra. cdc.
rnoise imxmw | NESR dependent on geometry and microwindow inpu_vmr
,iImXgeo
rnres imxobs | vedor of the differences between the observed spedra and | difchi_vmr
the cdculated ores; first all the geometries of the first
microwindow starting from the first geometry, then all the
other microwindowsvedor of the differences between the
observed spedra and the cdculated ores
robs imxi, observed spedra wrrespondng to the different tangent | inpu_vmr
imxgeo, | presaures and dfferent microwindows (on the generd
imxmw | wavenumber coarse grid) [r.u]
roffs imxmw | fitted instrumental offset for ead mw [r.u] updpof vmr
ropath imxlay, | opticd path length for ead layer, ead geometry [km] curgod_vmr
imxgeo
rpdl imxg lowest -log(presaure) valuein crosssedionlook-uptable | read lookup
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real*4 w, vmr
imx
mw
rpartcder | imxlay, | partial derivatives of the ntinuun layer values with | conlay vmr
imximb | resped to the parameter-level values
,imxm
w
rpartgder | imxlay, | partia derivative of the main gas column of ead layer with | curgod_vmr
imxgeo, | resped to the vmr parameter level values
2
rpbase imxpro | presaure onthe base-levels [hPa] chbase vnr,
updpof vmr
rpeq imxpat, | equivalent presaures [hPa] curgod_vmr
imxgas
rperc maximum relative (with resped to rconint) distance | retr_vmr
between central frequencies of two microwindows which
are defined as close-close ones for the definition o
continuum emisson
rpmod imxlev | presaure onlevels used for the radiat. transf. cdc. [hPa] mkplev_vmr
rpprof imxpro | vedor of presaure profile asafunction d dtitude Z. [hPa] | inpu_vmr
rsan imxi, variable used for making the direa | read_irrgrid_
imxsi2, | interpaatior/convdution d the spedra. vmr
4,
imxmw
rd half-diff erence between the bases of the trapezium (/rd | input_vmr
givesthe slope) [km]
rspct imxi, spedrum for ead geometry onthe general coarse grid [r.u] | spedrum_vm
imxgeo | 1% index: general wavenumber coarse grid r
2"%index: geometries to be simulated for the adual Mw
rspcteder | imxi, continuum derivative spedra on the general coarse grid for | spedrum_vm
imxgeo, | eath geometry and eah parameter level [r.u/(cm?moled] | r
imximb | 1% index: general wavenumber coarse grid
2"%index: geometries to be simulated for the adual Mw
3% index: levels where the parameters are retrieved
rspctgder | imxi, vmr derivative spedra on the general coarse grid for ead | spedrum_vm
imxgeo, | geometry and ead parameter level r
imxImb | 1% index: general wavenumber coarse grid
2" index: geometries to be simulated for the a¢ua Mw
3“index: levels where the parameters are retrieved
rspfov imxi, simulated spedra crrespondng to the different tangent | fov_vmr,
imxgeo, | presaures and dfferent microwindonvs on the genera | adddf_vmr
imxmw | wavenumber coarse grid: ( rspct * FOV )
[r.u]
rtll imxg lowest temperature valuein crosssedion look-up table read_lookup_
real*4 mw, vmr
imx
mw
rtbase imxpro | temperature of the base levels [K] chbase vnr,
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updgof vmr
rteq imxpat, | equivalent temperatures [K] curgod_vmr
imxgas
rthresl thresholds used to chedk convergence aiteria inpu_vmr
(see @nvchk-description)
rthres2 thresholds used to chedk convergence aiteria inpu_vmr
rthres3 thresholds used to chedk convergence aiteria inpu_vmr
rtmain imxpat | Curtis-Godson temperature of the main gas[K] curgod_vmr
rtmod imxlev | temperature onlevels used for the radiat. transf. cdc. [K] mkplev_vmr
rtprof imxpro | vedor of temperature & afunction d atitude Z. [km] inpu_vmr
ru imxsi2, | U-matrix read_lookup_
real*4 | imxbv, vmr
imxgm
w,
imxmw
rulatm upper limit of the amosphere [km] inpu_vmr
ruplin imxlin, | upper limit where the line hasto be cmnsidered [km] inpu_vmr
imxmw
rvemcol | imxlmb | VC matrix ot the verticd columns of the retrieved gas concandcol
imxlmb
rvemcon | imxlmb | VC matrix ot the cncentration profile of the retrieved gas | concandcol
c )
imxlmb
rvemobi | imxi, blocks of the inverse of the variance-covariance matrix of | sinvcd_mw_
nv imxi, the observations for ead seleded microwindown of the | vmr
real*4 imxmw | adud retrieval
rvemobi | imxi, optimised bock of the inverse of the variance- covariance | sinvcd_vmr
nvopt imxi matrix of the observations
real*4
rvcol imximb | Verticd column o the retrieved gas concandcol
rvmrbase | imxpro, | volume mixing ratio o the gases onthe baselevels[ppm] | chbase vnr,
imxgas updpgof vmr
rvmrprof | imxpro, | matrix of VMR profiles [ppm] inpu_vmr
imxgas
rwmol imxhit, | moleaular weight for eady HITRAN molealar code and | wmol_vmr
imxism | isotope number [g/mol]
rwmolref moleaular weight of the gas used for testing P levels | inpu_vmr
[9/mol]
rxpar imxtop | vedor of the fitted parameters guesgar_vmr
,newparest_v
mr
rxparold | imxtop | vedor of thefitted parameters at the previousiteration newparest_v
mr
rzbase imxpro | dtitude of the base-levels [km] chbase vnr,
updpof vmr
rzerof zero-filli ng expressed as the ratio between measured and | inpu_vmr
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transformed interferogram
rzmod imxlev | heights of levels used for the radiat. tranf. cdc. [km] mkplev_vmr
rzmodpe | imxlev, | perturbed altitude grids after the perturbation o temp. | mkplev_vmr
rt imximb | profiles. [km]
rzpar imximb | vedor of the dtitudes where the temperature profile is| updpof _vmr,
fitted [km] guesgar_vmr
rzprof imxpro | vedor of atitudes Z to which rtprof, rpprof and rvmrprof | inpu_vmr
are referred [km]
rzsi imxgeo | tangent altit udes of the geometriesto be simulated [km] occusim_vmr
updpof vmr
rztl2 atitude where the temperature threshold changes from | inpu_vmr
rmaxtvl to rmaxtv2 [km]
rztang imxgeo | vedor containing the elgineeing values of tangent | inpu_vmr
altitudes [km]
smw imxmw | charader*6: vedor containing the identifying label of the | inpu_vmr
seleded microwindowns
tab imxgm | charader*3: tabulation code of crosssedion look-up tables | read_lookup
W, charader*6: vedor containing the identifying label of the | vmr
imxmw | seleded microwindows
[




@) IROE

Development of an Optimised Algorithm for Routine p, T
and VMR Retrieval from MIPAS Limb Emisson Spedra

Prog. Doc. N.: TN-IROE-RSA9602
Issue: 3

Date: 07/02/02 Page 356395

4. Software architedure and algorithms of the OFM scientific code

In this dion the software achitedure and the dgorithms used in the Optimised Forward Model
(OFM) are spedfied. Sedion 4.1 shows the high level flow diagram of the cdls between main
modues and the detailed cdling tree The tree of cdls of eatch modue, its I/O data and the
algorithms are described in sedion 4.2.
Sedion 4.3contains a description d parameters and variables used by OFM modues.

4.1 High level flow diagram of calls

Below the cdli ng tree and the structure of the starting modu e of the OFM program are described.

|----FWDMDL *
[--~-~ADDNOISE *
|----OUTESA *

|-----OUTOBSERV *
|-----WRITECONT *
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4.2 OFM modules architecture and algorithms

In this sdion the achitedure and the dgorithms of the forward model (self-standing) are
described.
The description d eady modue is made using the rules showed in sedion 2.2.

4.2.1 INPUT

INPUT

|----READMW ]

|  4---BLIND*
----UPLIMIT +
|-----SPETFILL ]
|----INIGAS_FWD ]
| (((--BLIND*
|----READVMR +

|----R_APOD_VMR]
|----GASDEV *
|----GRAVITY *

For the description d thismodue, please refer to its urce mdereported in AD7.

4.2.1.1 READMW

Description: modue used to real the fil es defining the MWSs that have to be simulated.
For the description d thismodue, please refer to its urce ode reported in [AD7].

4.2.1.2 SPETFILL

Description: modue used to real the spedroscopic database fil e.
For the description d thismodue, please refer to its urce @de reported in [AD7].

4.2.1.3 INIGAS_FWD

Description
Initialisation d the variables 'igas, igashi,igasmw,igasnr' that define the two internal gas codes.

Variables exchanged with external modules

Name Description
nselmw | total number of seleded microwindows
ili ne number of linesin eat microwindow
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icode HITRAN moleaular code for ead line of each MW
imaingas | HITRAN code of the main gas of the retrieval

(=2 inthe cae of p-T retrieval)

imaskcon | switch for the cdculation o H,0, O, and N, continuum:
t imaskcont(1)=1: H,O continuum cdculation
imaskcont(2)=1: O, continuum cdculation
imaskcont(3)=1: N, continuum cdculation

igas number of diff erent gases for adual retrieval

igashi HITRAN code number for eat global gas number
igasmw | number of gasesto be cnsidered for eady mw

igasnr global gas number for the locd gas number of ead Mw

M odule structure:

Begin loop 1 over all microwindows
1. Adding virtual continuum line
Begin loop 2 wer all li nes of the actual Mw
2. Calculation d the output variables
endloop 2
3. Redo adding of virtua continuum line
endloop 1

Detail ed description:

loop 1 over all microwindows
jmw=1—nselmw

loop 2 over all li nes of the actual Mw
Kli ne=1—li ne(jmw)

1. Adding virtual continuum line

if [imaskcont(1)=1]: ili ne(jmw)=ili ne(jmw)+ 1, icode(ili ne(jmw),jmw)=1
if [imaskcont(2)=1]: ili ne(jmw)=ili ne(jmw)+ 1, icode(ili ne(j mw),jmw)=7
if [imaskcont(3)=1]: ili ne(jmw)=ili ne(jmw)+ 1, icode(ili ne(jmw),jmw)=22

2. Calculation d the output variables

Threediff erent types of gas codes are distinguished inside the program:

1. the HITRAN code which is represented by the variable icode that attaches to ead line of ead
microwindow the HITRAN code number of the gas.

2. the global gas code of the retrieval which is going from 1 to igas, the number of different gases
that have to be considered for the retrieval. In this code the number 1 always belongs to the main
gas of theretrievd, i.e. in the cae of p-T retrieval 1 refersto CO,. This numbering is conneded
to the HITRAN gas code by the vedor igashi, which gives to eat global gas number the
HITRAN code number, i.e.:

HITRAN gas number = igashi( global gas number )

3. the locd gas code of ead microwindow (jmw) which is going from 1 to igasmw(jmw), the
number of different gases that have to be mnsidered for ead microwindow. Asin the global gas
code, the number 1 belongs to the main gas of the retrieval (i.e. CO, for p-T retrieval). This
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numbering is conreded to the global gas code by the matrix igasnr which givesto ead locd gas
number of ead microwindow the global number of the gas, i.e.:
global gas number = igasnr(loca gas number, jmw)

While icodeis initialised duing reading the line data base, the variables igas, igashi, igasmw, and
igasnr are set upin this modue by using the information d icode.

First, the variables igashi and igasnr are initiali sed so that the main gas of the retrieval is number 1
in thelocd andthe global code:

igashi(1)=imaingas (=2 for p-T retrieval)
igasnr(1,jmw)=1

Then, for ead line kline of eath microwindow jmw it is chedked, if the related gas (given by
icode(kline,jmw)) is already included in the global and locd gas codes. If thisis not the cae igas,
igashi, igasmw, andigasnr are enhanced by 1.

During this procedure it is chedked that in ead microwindow there is at least one line of the main
gas. It is aso tested that igas becomes nat larger than imxgas and igasmw(jmw) < imxgmw for ead
microwindow jmw. If one of these condtionsisnat fulfill ed, the program is gopped.

Example:
Theinpus are:

Two microwindows are onsidered for the retrieval: nsel mw=2.

3
3linesinthe 1st Mw and 4linesin the 2nd iline= [4}

In the 1st Mw there ae CO, (HITRAN code =2) and H,O (HITRAN code =1) lines and in the 2nd
2 6

1
Mw thereis CH4 (HITRAN code =6), CO,, and H,O: icode = 2

R RN

The main gas of the retrieval is CO,: imaingas= 2.
The results of inigas are:

Total number of different gases: igas= 3.
2

HITRAN code for eat global gas number: igashi =| 1.
6

2
Number of different gases per microwindow: igasmw = {3} )

11
Global gas number for the locd gas number of eact Mw: igasnr =| 2 3.
2
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3. Redo adding virtual continuum line

if [imaskcont(1)=1]: ili ne(jmw)=ili ne(jmw)-1
if [imaskcont(2)=1]: ili ne(jmw)=ili ne(jmw)-1
if [imaskoont(3)=1]: ili ne(jmw)=ili ne(jmw)-1

4.2.1.4UPLIMIT

Description: modue used to chedk the upper limit of the amosphere against the uppermost point in
the @mospheric profil es.
For the description d thismodue, please refer to its urce ode reported in [AD7].

4.2.1.5 READVMR

Description: modue used to real the file containing the VMR profil es.
For the description d thismodue, please refer to its urce @de reported in [AD7].

4.2.1.6 WMOL

Description: modue used for initi aising the moleaular weights of the diemicd spedes.
For the description d thismodue, please refer to its urce ode reported in [AD7].

4.2.1.7R_APOD_VMR

Description: modue used to real the file containing the gpod sation function.
For the description d thismodue, please refer to its urce @de reported in [AD7].

4.2.2 SAPOD

SAPOD
|---FOUR1]

Description
This modue cdculates the gpodsation function in the spedral domain from the input apodsation
functionin the interferogram domain.

Variables exchanged with external modules

Name | Description

rapod red*4 rapodimxapo) = good sation function represented in the OPD domain
napod | integer*4: no. d points used to represent apodsation function in OPD
domain (rapod)

rapod_s | red*4 rapod_sigma(imxilc): apodsationfunctionin the spedral domain
igma
nailsdp | integer*4: no. d points used to represent the gpodsation in the spedral
domain
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Detail ed description
The godsation function in the spedral domain rapod sigma(imxilc) is caculated by performing
the foll owing operations:
e The number of paints used to make the FFT is determined:
nn= (napod-1)-2
Note that napod= 2" + 1, with n integer: this control has been performed in input routine

e Thevedor rapodis dored in aproper way into a complex vedor. This allows to use the modue
four 1 for performing the FFT:
complex*8 rapod xft(imxapo*2)
rapod xft(1) = cmplx(rapod1),0.)
beginloopi=2, ...,(napodl)
rapod xft(i) = cmplx(rapodi),0.)
rapod xft(nn-i+2) = cmplx(rapodi),0.)
endloopi.
rapod xft(hapod = cmplx(rapodnapod,0.)
e TheFFT of rapod xft isthen performed using four 1:
four 1(rapod xft,nn,J)
[Refer to W.H.Press and ahers: ‘Numericd Redpes in Fortran’, Second Edition, Cambridge
University Press pag.501for the description d the modue four 1. Note that the FFT of rapod xft is
overwritten in rapod_xft.]

e The vedor realapod_sigma defined as realapod_sigma(i) = REAL(rapod_xft(i)/nn) for i=1, ...,
nn, is computed.

e The vedor rapod sigma, containing the gpodsation function in the spedra domain, is finally
built: it consists of nailsdp points correspondng to bah the negative and paitive frequencies,
centered aroundthe O-frequency poaint, of the gpodsation function.

4.2.3 OCCUSIM
For the description d thismodue, please refer to sedion 2.2.5.

4.2.4 CHBASE
For the description d thismodue, please refer to sedion 2.2.7.

4.2.5 FAILS
For the description d thismodue, please refer to sedion 2.2.8.

4.2.6 GRID
For the description d thismodue, please refer to sedion 2.2.9.
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4.2.7 FWDMDL

This modueis used orly to cary-out the flow of the cdls of the forward model, that is represented
here below.

| MKPLEV_FWD |
v
| POINT |

v

CURGOD _FWD
v

> DO imw=1,nselmw

v

| CROSS_FWD |

v

| SPECTRUM_FWD |
v

\ FOV_ VMR \

I ADDOFF |
v

END DO ON imw

4.2.7.1 CROSS_FWD

CROSS FWD
|----LOFICO ]
|----FLINT *
((+SHAPECALC
| (-—--HUMLI]
((+HUMLI ]
|(((+FCO2CHI *
|(((+POLCOE2ND +
|(((+FCONH20 *
|(((+FCONN2 *
|(((+FCONO2 *

Description

e Using the spedroscopic line-data this routine determines the @sorption crosssedions for eah
general wavenumber fine grid pant, ead IAPT number and ead gas which has to be mnsidered
in the adual microwindonv using the equivalent presaures and temperatures cdculated in
‘curgod_fwd’.
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Variables exchanged with external modules

Name: Description:

imw number of the adual Mw

rpeq equivalent presaures

rteq equivalent temperatures

itglev number of the tangent-level for ead geometry

isgma number of wavenumber grid pants for ead Mw
dsigma | general wavenumber fine grid

delta general fine grid interval [cm-1]

igeo number of simulated geometries

iocsim occupation matrix for the simulations to be performed
igasmw | number of gasesto be mnsidered in eah Mw

ruplin upper limit where the line has to be cnsidered [km]

rlolin lower limit where the line has to be considered [km]

ili ne number of linesin ead microwindow

icode HITRAN code for ead line of ead Mw

rint0 line intensity for ead line of ead1 Mw

relow lower state energy for ead line of eadt Mw

rhwO foreign broadened half width for ead line of ead Mw
dsilin central wavenumber for ead line of ead Mw

ioutin flag for eadh line of eadh Mw
=1: line-shape hasto be cdculated at ead wavenumber inside the Mw
=2: line is considered as neaby continuum (cdculated at three points inside

the Mw
igasnr global gas number for the locd gas number of ead Mw
rexph exporent for T dependence of half width for ead line of eady Mw
rwmol moleaular weight for eadn HITRAN moleaular code and isotope number
igashi HITRAN code number for eat global gas number
[Ee isotope number for ead line of eathh Mw
ipoint IAPT-number for ead layer and ead geometry

ninterpa | switch for the dedsion d interpaation d the asorption crosssedions for the
geometries above the lowest geometry (only if the IAPT number of the path is
increasing, which was dedded duing the cdculation d ipoint)

=-1: nointerpalation, al crosssedions recdculated

=0: al crosssedions above the lowest geometry are interpolated

=1: new cdculation orly of the tangent-layer, al other layers interpolated

=2: new cdculation d the tangent-layer and the layer abowve, all others

interpolated
=3 ...
raircol air-column for eat layer and ead geometry
rcol column amourts for ead layer, eat geometry and ead gas
ropath
nswh2oc | =imaskcont(1): switch for H,O continuum
on nswh2aocon=1: H,O continuum considered

nswn2co | =imaskcont(3): switch for N, continuum
n nswn2cor=1: N, continuum considered
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nswo2co | =imaskcont(2): switch for O, continuum

n nswo2cor=1: O, continuum considered

rzmod heights of levels used for the radiat. tranf. cdculation

rcross absorption cross ®dions for ead general wavenumber fine grid pant (1st
index), ead IAPT number (2ndindex) and ead gas (3rd index) for the adual
Mw

Module structure

1. Initialisation d variables
Begin loop 1 over the geometries valid for the actual microwindowv
Begin loop 2 wer the layers of the actual geometry for which a rew cross sedion must
be determined
Begin condtion 1 the aoss £dions are interpolated
Begin loop 3 wer the gases of the actual Mw
2. Interpdation d the aoss £dions
endloop 3
else omndtion 1the aoss #dionsare @lculated
3. Definition d locd fine and coarse wavenumber grid
Begin loop 4 wer all li nes of the actual Mw that must be
considered for the actual altitude
4. Initidisation d variables for line-cdculation
Begin condtion 2thelines are @lculated at each pant
Begin condtion 3 aline shape for HNOs is
precalculated
5. Precdculation d HNO; line shape
end condtion 3
6. Calculation d thelinein thelocd coarse grid
7. Calculation d thelinein thelocd fine grid
else mndtion 2thelines are handed as near continuum
8. Calculation d theline & 3 pantsinside the Mw
end condtion 2
Begin condtion 4if the H,O continuumis calculated
9. The oontribution at 25 cm™ is subtraded from the
line
end condtion 4
endloop 4
Begin loop 5 wer the gases of the actual Mw
10.Interpdation d the doss ®dions from the locd coarse
andfine grid to the general fine grid
11.Interpdation d the nearby continuum to the general
fine grid
Begin condtion 5if the H,O continuumiis calculated
12.The H,0 continuum is cdculated
end condtion 5
Begin condtion 6if the N, continuum s calcul ated
13.The N, continuum is cdcul ated
end condtion 6
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Begin condtion 7if the O, continuumis calculated
14.The O, continuum is cdculated
end condtion 7
endloop 5
end condtion 1
endloop 2
endloop 1

Detail ed description:

loop 1 wer the geometries valid for the actual microwindow

kgeo=igeo—1

if [iocsim(kgeo,imw)=0]

Starting from the lowest geometry (igeo) this loop (i.e. the commands inside the loop) is only
exeauted if this observation geometry has to be smulated for the acual Mw.

loop 2 wer the layers of the actual geometry for which a rew crosssedion must be determined
[lay=1—itglekgeo) -1

This loop legins from the outer layer and goes down to the tangent layer (itglekgeo)-1). It is only
exeauted if new crosssedions must be cdculated, i.e. if the IAPT-number ipoint(llay,kgeo) is
increasing. For the cases that the IAPT number is not increasing, the aosssedions have drealy
been cdculated duing an ealier exeaution.

Condtion 1 the aoss £dionsareinterpdated o calculated

The aoss ®dions are interpolated (using the aoss ®dions which have dready been cdculated for
the lowest geometry) if we ae not in the lowest geometry and if we ae in a layer that has to be
interpolated (indicaed by ninterpal):

if [kgeo<ilowgeo A llay < itglekgeo)-ninterpa A ninterpol=-1]

Where il owgeo is the lowest geometry that must be cdculated for the acual Mw.
If this condtions are nat fulfill ed the aoss ®dions are cdculated explicitly using the line data.

loop 3 wve the gases of the actual Mw
mgas=1—igasmw(imw)

loop 4 over all li nes of the actual Mw that must be @nsidered for the actual altitude
mli ne=1,ili ne(imw)
if [ruplin(mline,imw)>rzmod(llay)>rlolin(mli ne,imw)]

condtion 2thelines are @lculated a each pant or handed as continuum

if [ioutin(mline,imw)=1]: the lines are explicitly cdculated at ead pant of the locd coarse and fine
grid.

if [ioutin(mline,imw)=2]: the lines are handed as nea continuum and cdculated orly at threepoints
inside the Mw.
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condtion 3 aline shape for HNO; is preclcul ated

if the gasis HNO; (if [icode(mli ne,imw)=nrepcode]) and the half width is equal to the reference half
width (if [rhwO(mlineimw)=rephw0]) and the half width exporent is equal to the reference
exporent (if [rexph(mlineimw)=repexph]) and if the line shape has naot aready been precdculated
(if [nshape=0]) then aline shapeis precdcul ated.

condtion 4if the H,O continuum is calculated
if [icode(mline,imw)=1] and [nswh2ccon=1]

loop 5 e the gases of the actual Mw
mgas=1—igasmw(imw)

condtion 5if the H,0O continuum is calcul ated
if [igashi(igasnr(mgas,imw))=1] and [nswh2ocor~1]

condtion 6if the N, continuumis calculated
if [igashi(igasnr(mgas,imw))=22] and [nswn2cor~1]

condtion 7if the O, continuumis cal culated
if [igashi(igasnr(mgas,imw))="7] and [nswo2con~1]

1. Initialisation d variables

e Cdculation d vedor igasact(imxhit) that gives for ead hitran gas number the locd Mw gas
number: igasact(igashi(igasnr(j,imw))) = j for 1 <j <igasmw(imw)

e Determination d the line with the largest intensity of the main gas: line number: imaxlin

2. Interpdation d the aoss dions

The aoss ®dions for the geometries above the lowest geometry are cdculated (for ead general
fine grid pant) by linea interpaation wsing the doss ®dions arealy cdculated for the lowest
geometry. This linea interpalation is performed with resped to the equivalent presaures, i.e. it is
first dedded between which equivalent presaures of the lowest geometry the adual equivalent
presaure lies and than the aoss gdions are interpdated to the adua equivalent presaure. This is
dorefor the aoss gdions of all gases (rcross.

E.g. for rcrossthe formulafor al wavenumbers on the general fine wavenumber grid (msig) is:

p-pl

rerosmsig,ipaint(ll ay, kgeo), mgas) = r1+(r2—r1)- 07 pl

r1=rcrosgmsig,ipaint(llayl, il owgeo), mgas)
r2 = rcrosg{ msig,ipoint(ll ay2, il owgeo), mgas)
with: p = rpeg(ipaint(llay, kgeo),igasnr(mgas,inw))
pl= rpeq(ipoint(llayliIowgeo),igasnr(mga&imw))
p2= rpeq(ipa nt(llay2,iIowgeo),igasnr(mgasimw))
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Wherellayl andllay2 determine the presaures pl and p2 of the lowest geometry between which the
adual presaurep lies.

3. Definition d locd fine and coarse wavenumber grid
The locd (for the adual geometry and layer) coarse and fine wavenumber grid is defined by cdling
the modue lofico:

dsilin,ipaint(llay, kgeo),imw, rwmol,icode, ii so, rhwO,imaxli, rpeq, rteq,
lofico| delta,isigma, dsigma, igasmw, rexph,iglfgf,dsiglf, dsiglc,isigif ,isiglc,
deltalf ,deltalc,rerolf , rcrolc, rerolfpert, rerolcpert

4. |nitialisation d variables for line-cdculation
e Cdculation d the Dopger half width:

G rteq(ipo,ign)
dhdf = dsil li ne, - dedop:
' slin(miingimw) - cledop \/rwmol(icode(mline,imw),iiso(mline,imw))
with: ipo= ipaint(llay, kgeo)
and ign= igasnr(igasact(icode(mline,imw)),imw), the global gas number for the hitran gas

number of the acdual li ne.
dcdop isaparameter.

e Caculation d the Lorentz haf width:

rlhalf = rhwo(miine,imw) - rpeg(ipo,ign) [ rtOh

rexph(mline,imw)
rpOh rteq(ipo, ign)}

With the parameters rpOh, rtOh.

e Cdculation d thelineintensity
Theline intensity rlint is cdculated by a cdl to the modueflint:

_ [ rintO(mli ne,imw), relow(mli ne, imw), rteq(ipo,ign),
rlint = flint

dsilin(mline,imw),icode(mli ne,imw), ii so(mli ne, imw)

5. Precdculation d HNOg li ne shape
In the cae of HNOj; the line shape is precdculated for the Voigt part of the line. This precdculation
is performed in the general fine grid by a cdl to the subroutine

ipo,ign, rteq(ipo,ign), dsigma(l,imw),isigma(imw), delta,
shapecalc

rwmol (icode(mli ne,imw), ii so(mli ne,imw)),iprec, rshape
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Then the variable nshape is st to 1in order to indicae, that for this IAPT number ipo the shape is

already precdculated. When going to the next IAPT nshape has to be initialised again to O (before
begin of next loop 4 owr al li nes)!

6. Calculation d thelinein the locd coarse grid
The aoss ®dions on the locd coarse grid rcrolc (dimension (imxsig,imxgmw)) are cdculated from
the boundhries of the microwindow up to adistance of (rdhaf + rlhalf ) - rvmult wavenumbers from

the line centre by using the Lorentz function (rvmult is a parameter). In the region aroundthe line
centre the aoss dions onthe fine grid are cnstant. This constant is determined as the mean value
of the last Lorentz cdculated cross ®dions onthe left and onthe right of the line.

The boundry indices for the Lorentz cdculation onthe locd coarse grid are:

ilc=1

inc = nint dsilin(mling,imw) — (rdhaf + rlhalf)- rvmult — dsiglc(1) 1
deltalc

2= nint dsilin(mline,imw) + (rdhdf + rlhalf)- rvmult — dsiglc(1) 1
deltalc

i4c = isiglc

Whereisiglc, dsiglc, deltalc have been determined in 3.
(One hasto take cae that for aline very nea to the boundry of the microwindow (where i2c could
becme lessthanilc ...) these meffiecants are set to the boundry values!)

Calculation d Lorentz functionfor ilc <i <i2c-1 andi3c+1 <i <i4c;

. . rihalf
rlinfctlc(i) = — 5 5
7 rIhalf < + (dsiglc(i) — dsilin(mline, imw))

Caculation d the doss ®dions and adding to the adoss ®dions from the previous lines:

rcrolc(i,ig) = rlint - rlinfctlc(i) + rerolc(i, ig)
with: ig = igamct(icode(mline,irmv)) , thelocd gas number for the adual line.

The valuefor the ‘plateas’ region,i.e. in thevicinity of theline caitreis:

rlinfctlc(i2c—1) + rlinfctlc(i3c + 1)
2

rplatfctn =

So, fori2c <i <i3c;

rcrolc(i,ig) = rlint - rplatfctn + rerolc(i, ig)
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7. Caculation d thelinein thelocd fine grid

On thelocd fine grid the lines are only cdculated in the vicinity of the line, where the doss ®dions
on the locd coase grid ae onstant (see 5), i.e. for distances less than
(rdhaf +rlhalf)- rvmult wavenumbers from the line centre. In this region the line profile is partly
cdculated by the Lorentz and partly by the Voigt function. The Voigt function is used inside an
interval of +rdhdf -rdmult wavenumbers from the line centre (rdmult is a parameter).

The boundry indicesonthelocd fine grid are:

i1f = (i2c—2)-igldf +2

of _ nint dsilin(mline,imw) — rdhaf - rdmult — dsiglf (i1f) cilf
deltalf

P dsilin(mline,imw) + rdhaf - rdmult — dsiglf (i1f) il
deltalf

i4f =i3c-iqglclf

With the parameter iglclf, the qudient between the locd coarse and fine grid.

Caculation d Lorentz functionfor i1f <i <i2f-1 andi3f+1 <i <i4f;

. . 1 rihalf
rlinfctlf (i) = — 5 — — 5
7 rlhalf © + (dsiglc(i) — dsilin(mline,imw))

Calculation d the aoss dions and adding to the aoss gdions from all the previous lines:

rcrolf (i,ig) = rlint - rlinfctlf (i) — rplatcro + rerolf (i,ig)

with: ig= igasact(icode(mline,im)), the locd gas number for the adual line, and rplatcro the
coarse grid ‘plateau’ value which was determined in 5.

For i2f <i <i3f theline functionis determined by the Voigt lineshape:

clinfetlf (i) = 112 r;:;f
v

where rreistheresult from a cdl to the routine humli(rx,ry,rre), with:

|dsiglf (i) — dsilin(mli ne, imw)|
VIn2
rdhdf

X=

rIhalf
=4/1In2
Y rdhat

The aoss ®dions are cdculated from rlinfctlf like in the cae of the Lorentz cdculation (see
abowe).
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In the cae of HNO; for the Voigt part the precdculated line shape is interpolated linealy. If the gas
iSHNO;s (if [icode(mli ne,imw)=nrepcode]) and the half width is equal to the reference half width (if
[rhwO(mli ne,imw)=rephw(]) and the half width exporent is equal to the reference exporent ( if

[rexph(mli ne,imw)=repexph)):

clinfetlf (i) = 112 rdrhzaf
v

where r2 is the linea interpoation d the precdculated line shape rshape (centred in the centre of
the adual line) to the adual locd fine grid wavenumber dsiglf(i).

8. Cdculation d theline & 3 pantsinside the Mw

For lines outside the microwindow which are taken into acount as nea continuum, the aoss

sedions are cdculated at the first point, a the midde point and at the last point of the

microwindow. Later, in 10.,they will be interpolated to the general fine grid.

The procedureis:

e cdculating the line profile using the Lorentz line shape (see dowe) at the three wavenumbers
inside the microwindow.

o if the line is a CO; line (if [icode(mlineimw)=2]) the profile is multiplied with the CO, chi
fador which is cdculated by a cdl to modue fco2chi:

fco2chi[ rteq(ipo,ign), deonsi — dsilin(mline,imw),1]
ipoandign have been defined in 4.
e The asorption cross ®dions at the 3 pants inside the Mw are now cdculated likein 7 a 8 by

multiplication d the profile with and added to the nea continuum cross €dions from the
previous line cdculation.

9. The ontributionat 25 cm™ is subtraded from the line
The value of the Lorentz line shape (if the line is a water line) at 25 cm™ from the line cetre is
subtraded from the H,O crosssedions (if H,O continuum has to be mnsidered):

.1 rlhaf
ri=rlint- ———————
7 rlhalf < + 625

andfor 1 <i <isigma(imw):

rcrosgmisig,ipo,ig) = rcros{milsig,ipo,ig) — rl

10. Interpdation d the aoss gdions from the locd coarse and fine grid to the genera fine grid

For eat gas of the microwindow, the output cross £dion vedor rcrosgi,ipomgas) of the genera

fine grid is filled by linea interpdation in wavenumber using the vedors rcrolf(j,mgas) and
rcrolc(k,mgas), wherej istheindex onthelocd fine grid and k onthe locd coarse grid.
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11.Interpdation d the neaby continuum to the general fine grid

For eat gas of the Mw the neaby continuum values which were cdculated in 8. for three points
inside the microwindow are interpaated (2nd ader) to the general wavenumber fine grid and added
to the qoss ®dion ouput vedors rcross The wefficients for the parabdlic interpolation are
cdculated using modue polcoe2nd.

12.The H,0 continuum is cd culated
Calculation d the mean density of water and d the other gasesin the path:

_ reol(llay, kgeo, igasnr(mgas, imw))

rsden =
10° - ropath(ll ay, kgeo)

raircol(ll ay, kgeo)

= —rsden
10° - ropath(ll ay, kgeo)

rfden =

Cdculation d the H,O continuum at the boundries of the microwindown by two cdls to the
subroutine:

dsigma(1,imw) or dsigma(isigma(inmw),inmw),
fconh20
rteq(ipo,igasnr(mgas, imw)), rsden, rfden

The results are linealy interpdated to the other general wavenumber fine grid pants and added to
the adual cross ®dions of H,0.

13. The N, continuum is cdcul ated
Calculation d the N, continuum at the boundries of the microwindowv by two cdls to the
subroutine:

dsigma(L imw) or dsigma(isigmay(imw),imw),
fconn2

rteg(ipo, igasnr (mgas, imw)), rpeg(ipo,igasnr (mgas, inw))

The results are linealy interpoated to the other general wavenumber fine grid pants and written
into the adual cross £dions of Na.

14.The O, continuum is cdculated
Cdculation d the O, continuum at the boundries of the microwindowv by two cdls to the
subroutine:
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dsigma(1,imw) or dsigma(isigma(inw),inmw),

fcono2 o _ o .
rteq(ipo,igasnr(mgas, imw)), rpeq(ipo,igasnr(mgas, imw))

The results are linealy interpolated to the other general wavenumber fine grid pants and written
into the acual cross gdions of O..
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4.2.7.2 FCONH20
Description

Calculation d the water vapou corntinuum. It is an implementation d the routine
‘contnm_ckd_2.1f revision 3.3(28-4-94) of Clough.

References:

S.A. Clough, F.X. Kneizys, RW. Davies, 'Line shape and the water vapou continuum,
Atmospheric Reseach, 23, 229241, 19809.

Variables exchanged with external modules:

Name Dimension | Description

ds wavenumber where the H,O -continuum shoud be cdculated

rt equivaent temperature of H,0O of the adual path

rsden mean density of H,O in the atua path [Moleaules/'cm’]

rfden mean density of al other gases in the adua path
[Moleaules'cm’]

fconh2o0 absorption cross ®dion d the water continuun
[cm?/Moleaul€]

Module structure:

1. Cdculation o water continuum.

Detail ed description:

The program uses parameterised values for the self continuum at the temperatures 296K and 260K
and for the foreign continuum at 296 K. These data ae in the block data routines h20s296,h20s260
and h20f296 which will be given as urce mdes.

The source @de of fconh2ois given here sinceit also contains many parameters:

red*8 function fconh2ddsi,rt,rsden rfden)
implicit nore
include 'parameters.inc'
red*8 rt,rsden rfden,rOden rxfaq0:50),rs2962003,rs260(2003,
& rf296(2003,rs0,rs1rs,rf,rfs,rl,r2,r3
red*8 dsi,dsil,dsi2,ddsi,dsii1,d1,d2,d3
integer*4 inpt,j,i1,i2
common/h20s0/rs296
common/h2cs1/rs260
common/h2d/rf296
parameter(rOden=1013/(rbc*296.))

*

* These ae sdf-continuum modificaion fadors from 700-1200cm-1
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cita (rxfad(j),j=0,50/
1.00000,1.01792,1.03767,1.05749,1.07730,1.09708,
1.10489,1.11268,1.12047,1.12822,1.13597,1.14367,
1.15135,1.15904,1.16669,1.17431,1.18786,1.20134,
1.21479,1.22821,1.24158,1.26580,1.28991,1.28295,
1.27600,1.26896,1.25550,1.24213,1.22879,1.21560,
1.20230,1.18162,1.16112,1.14063,1.12016,1.10195,
1.09207,1.08622,1.08105,1.07765,1.07398,1.06620,
1.05791,1.04905,1.03976,1.02981,1.00985,1.00000,
1.00000,1.00000,1.00000

©CoO~NO U~ WNPE

in the blockdata fil es for the h2o-continuum

* X X *

ttadsil,dsi2,dasiinpt / -20.0, 20000.0, 10.0, 2003

*

* linea interpolationin wavenumber

il=int((dsi-dsil)/ddsi) + 1

asii 1=dsi 1+(i1-1)*ddsi

rl=(dsi-dsii1) / ddsi

i2=i1+1
rs0=rs296(i1)+(rs296(i2)-rs296(i1)) * rl1
rs1=rs26Q(i1)+(rs26Q(i2)-rs26Q(i1)) * rl1
rf=rf296(i 1)+(rf296(i2)-rf296(i1)) * rl1

exporential interpolation in temperature of the self-continuum
rsO* (rsl/rs0)((296K-T)/(296K-26(K))

* X X

rs=rs0*(rsl/rs0)** ((296-rt)/36.)

corredionto the self-continuum

(if the wavenumber dsi is between 700and 120@m-1 a
further corredionis made using the rxfac-fadors
(linealy interpadation: not in Clough's 28-4-94 version))

b I T R

dX(dsi-1310)**2

r2=( 1.-0.2333*40000(40000+ (dsi-1050)**2) ) *

& (1.-0.15*14400/(14400+d1+5.e-6*d1*d1))

if (dsi.gt.700.0and.dsi.I1t.1200.Q then
i1=int((dsi-700)/10)
r3=rxfadil)+(rxfadil+1)-rxfadqil))*(dsi-700-i1*10.)/10.
rssrs* r2 *r3

ese
rssrs* r2

endif

*

* corredionto the foreign-continuum

first,last wavenumber, wavenumber difference and number of points
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d2=(dsi-1130)**2

d3=(dsi-1900)**2

rf=rf *
& (1.-0.97%108900(108900+d2+8.e-11*d2*d2*d2) ) *
& (1.-0.6*22500/(22500+d3+3.e-6*d3*d3) )

*

weighting of the self and foreign continuum parts and adding them

rfs=1.e-20 * (rs*rsden + rf*rfden) / rOden

*

cdculation d the asorption crosssedion

fconh2a=ds * tanh(0.5*rhck*dsi/rt) * rfs
end

4.2.7.3 FCONN2

Description

Calculation d the N,- continuum (2090265@m-1).

Reference

V. Menoux, R. Le Doucen, C. Boulet, A. Roblin, and A.M. Bouchardy, ‘Collision-induced
absorption in the fundamental band o N,: temperature dependence of the &sorption for N_-N, and
N,-O, pairs, Appl. Opt., 32, 263268, 1993.

Variables exchanged with external modules:

Name | Dimension | Description

ds wavenumber where the N, -continuum shoud be cdculated
rt equivalent temperature of N, of the adua path

rp equivaent presaure of N, of the adual path

fconn2 absorption cross £dion d the N, continuum [cm’/Moleaul€]

Module structure

1. Cdculation d N, continuum.

Detailed description:

Sincethis subroutine @ntains many values for the parameterised continuum, it will be provided as a
source ©de.

The program cdculates the ontinuum in the wavenumber range 20902650 cm™. The binary
absorption coefficients for N-N colli sions are given at diff erent wavenumber grid pdnts (5-10 cm™
distance) for 6 temperatures. In the first step these ae linealy interpoated to the adual
wavenumber dsi and temperature rt. The result is the binary absorption coefficient at rt and dsi:
rbiabco_nn
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Then the linea collision efficiency, which is given for the 6 temperatures is aso interpolated
linealy to rt. Result: reff.

The ar density iscdculated by: rden = 7.24292-%.
r

At last the sorption cross ®dionfor N, is determined:

fconn2= (0.789+ reff - 0.211)- rbiabco_nn-rden-1385291910 %

4.2.7.4 FCONQO2

Description

Calculation d the O,- continuum (1406-1800cm’™).

Reference

JJ. OrlandoG.S.Tyndall ,K.E.NickersonJ.G.Calvert, The temperature dependence of collision
induced absorption by Oxygen rea 6 um', JGR,96D11,2075520760

Variables exchanged with external modules

Name Dimension | Description

ds wavenumber where the O, -continuum shoud be cdculated
rt equivalent temperature of O, of the adua path

rp equivaent presaure of O, of the adual path

fcono2 absorption cross dion d the O, continuum [cm’/Moleaul€]

Module structure

1. Cdculation d O, continuum.

Detail ed description:
The program uses the block data file cocono2 which contains the parameters for the O, continuum.
The @ntinuum is only cdculated in the range 14001800cm™.

First the wefficients for O,-N, and O,-O, are linealy interpolated to rsi. Results: rand, rbn3,
rcn2i, raod, rbod, rco.

Then the binary absorption coefficients for O>-N, (rkn2) and for O,-O, (rko2) are cdculated for the
adual temperature rt in the foll owing way:

rt rt )2
rkn2 = ran2i + rbn2i -—— + rcn2i (—Oj
100 10
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rt re \?
rko2 = rao2i + rbo2i -—— + rco2i (—0)
100 10

The dr density iscaculated by: rden = 7.24292-%.
r

At last the esorption cross £dionfor O, is determined:

fcono2= (0.789- rkn2+ 0.211- rko2) - rden-10~%

4.2.7.6 FCO2CHI
For the description d thismodue, seesedion 2.2.11.12

4277 FLINT
For the description d thismodue, seesedion 2.2.11.13

4.2.7.8 FPARTS
For the description d thismodue, seesedion 2.2.11.14

4279 HUMLI
For the description d thismodue, seesedion 2.2.11.15

4.2.7.10 POLCOE2ND
For the description d thismodue, seesedion 2.2.11.16

4.2.7.11LOFICO

For the description d thismodue, seesedion 3.2.11.23.

4.2.7.12 SHAPECALC

For the description d thismodue, seesedion 3.2.11.17.

4.2.7.13 FOV_VMR
For the description d thismodue, seesedion 3.2.11.10

42.7.14FOV3
For the description d thismodue, seesedion 3.2.11.11

4.2.7.15F0OV4
For the description d thismodue, seesedion 3.2.11.12

4.2.7.16 FOV5
For the description d thismodue, seesedion 3.2.11.13
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4.2.7.17 SPECTRUM_FWD

SPECTRUM_FWD |
}----CONV *

Description

e cdculation d the original spedra on the general wavenumber fine grid for all geometries of the
adua microwindown

e convdution d these spedra and derivatives with the AILS function to the general wavenumber
coarse grid

Variables exchanged with external modules

Name Description

imw number of the adual Mw

itglev number of the tangent-level for ead geometry
igassmw | number of gasesto be mnsidered in ead Mw

igasnr global gas number for the locd gas number of ead1 Mw

isigma number of wavenumber grid pants for eady Mw

rcross absorption cross ®dions for eat wavenumber ead IAPT and eadh gas for
the adua MW

rcol column amourts for ead layer, ead geometry and ead gas

ipoint IAPT-number for ead layer and ead geometry

ipath number of different IAPT-numbers of ipaint

rtmain equivalent temperature of the main gas

dsigma general wavenumber fine grid

igeo number of simulated geometries

iocsim occupation matrix for the simulations to be performed

nsam n. o sampling pantsin eatc Mw (general coarse grid)

nils number of elements of rils

rspct spedrum for ead geometry onthe general coarse grid

1st index: general wavenumber coarse grid

2ndindex: geometriesto be smulated for the acual Mw

rils instrument-li ne-shape function onthe general fine grid

rintils ratio between the frequency step approximating infinitesimal spedral
resolution and the integral of the ILS function

nrd Ratio between general coarse grid step and fine grid step
delta general fine grid interval [cm-1]
ladd number of fine-wavenumber grid pants to be alded on bah sides of eah

microwindow (due to the il s-convdution)

Module structure

1. Initidisation d variables and Planck functionfor later interpolation
Begin loop 1 wer geometries valid for the actual microwindowv
Begin loop 2 wer general wavenumber fine grid
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2. Interpolate Planck function
Begin loop 3 wer the layers of the actual geometry
3. Calculation d the transmissons
Endloop 3
4. Caculation d the radiative transfer
Endloop 2
5. Convdution d the spedrawith the AILS function
Endloop 1

Detail ed description:
loop 1 over geometries valid for the actual microwindow

jgeo=1—igeo
if (iocsim(jgeo,imw)=0)

loop 2 ver general wavenumber fine grid
ksigma=1—isigma(imw)

loop 3 wer thelayess of the actual geometry
klay=1—nlay
nlay=itglejgeo)-1 is the tangent layer.

1. Initialisation d variables and Plad function for later interpaation

Output variables st to 0.

The Planck function values at the first grid pdnt and the last grid pant of the acua microwindow
and from this the increment for the later linea interpolationis caculated for the temperatures of the
profil es of the main gas (rtmain). Thisisdore for al different IAPT-numbers (1 < jpath < ipath).
The formula used for the Planck functionis:

rcl-o°

rhek - o
exp T -1

B=

T = rtmain(jpath)
o=dsigma(l,imw) or o= dsigma(isigma(imw),imw)
(rcl, rhck parameters)

2. Interpdate Planck function

Using the values cdculated in 1. the Planck function is linealy interpoated to the adua
wavenumber for all |APT numbers (jpath=1—ipath):

The results are the interpolated Planck function values for the T-profil e (rtmain):

db(jpath),
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3. Cdculation d the transmisson

Thetransmisgon for ead layer is cdculated bythe formula:

igas L . .
rtau(klay) = eXp[ Z {rcrOSS(kSIg,lpant(klay, jgeo), mgas) }]

rcol (klay, jgeo,igasnr (mgas,imw))

mgas=1

Two ather variables are dso determined:

klay—1

rtaul(klay) = H rtau(l)

and:

nlay

rtauklay) = rtaul(klay) - rtau(klay) - H rtau(l)?

I=klay+1

with: nlay = itglev(jgeo) — 1, the number of layersfor the adual geometry,

m-1

and the definiti on: H x =1.

I=m

4. Calculation d the radiative transfer

The spedrum is determined by the equation:

rsp(ksig) = Z db(ipaint(klay, jgeo)) - (1- rtau(klay))(rtauklay) — rtaukiay))

with: nlay = itglev(jgeo) -1,
and db, the value of the Planck function for ead IAPT-number. db was determined in 3. bylinea
interpolation to the acua general fine grid wavenumber.

5. Convdution d the spedrawith the AILS function

In a cdl to modue conv the mnvdution with the AILS functionrils is performed for the original
spedrum rsp. The results are the spedra and derivatives on the general coarse wavenumber grid:

rspct.

4.2.7.18 CONV

For the description d thismodue, seesedion 2.2.25.




Prog. Doc. N.: TN-IROE-RSA9602
Issue: 3

Date: 07/02/02 Page 382/ 395

Development of an Optimised Algorithm for Routine p, T
@ IROE and VMR Retrieval from MIPAS Limb Emisson Spedra

4.2.7.19 MKPLEV_FWD

MKPLEV_FWD
(----CHECK ]
[((?--CHECK ]
[((?--LININT *
I((((-LININT *
(((+ESPINT *
(((+GRAVITY *
(((+GRAVITY *

Description: builds the layering of the a@mosphere that allows the caculation d the radiative
transfer integral .

Variables exchanged with external modules:

Name Description

rzs rzsi(imxgeo) = tangent altitudes of the geometries to be smulated

Igeo igeo = number of simulated geometries

rzbase rzbase(imxpro) = dtitude of the base-levels

rtbase rtbase(imxpro) = temperature of the base levels

rpbase rpbase(imxpro) = pressure on the base-levels

rvmrbase rvmrbase(imxpro,imxgas) = volume mixing ratio of the gases on the base
levels

Ibase ibase =number of base-levels

rulatm rulatm = upper limit of the amosphere

rwmolref rwmolref = moleaular weigth of the gas that has been seleded as a
referencefor building the levels.

dsigmO dsigmO = Centre frequency of the line seleded as a referencefor buil ding
the levels.

rhwOref rhwOref = half-width o the line seleded as a reference for building the
levels.

rmaxtvl rmaxtvl = max. alowed temperature variation (K) between two
neighbouing levels, when the lower level islocaed below rztl12.

rmaxtv2 rmaxtv2 = max. alowed temperature variation (K) between two
neighbouing levels, when the lower level islocaed above rzt12.

rztl2 rztl2 = dtitude (km) where the temperature thresholds rmaxtvl and
rmaxtv2 are exchanged.

rhwvar rhwvar = max. allowed half-width variation d the seleded referenceline
between two neighbouing levels.

Igas igas = total number of diff erent gases

rexphref rexphref = exporent for the cdculation d Lorentz h-w for the line
seleded as areferencefor buil ding the levels.

rincz rincz = guessaltitude increment (km) used for building the levels above
the highest smulated geometry.

redfad redfad = reduction fador applied to 'rincz when it produces not
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accetable P levels abowve the highest simulated geometry.

rlat rlat = adual latitude (degrees)

Ifitgeo Ifitgeo(imxgeo) = logicd vedor which identifies the smulations which
correspondto afitted pant in the T profile, among al the simulations to
be performed.

rzmod rzmod(imxlev) = heights of model levels used for the radiat. transf. cdc.

rpmod rpmod(imxlev) = pressure on model levels used for the radiat. transf. cac.

rtmod rtmod(imxlev) = temperature on model levels used for the radiat. transf.
cdc.

rmrmod rmrmod(imxlev,imxgas) = volume mixing ratio for ead gas considered
in adual retrieval on model levels used for rad. tra. cdc.

ilev ilev = number of model levels (for rad. trans. cdculation)

itglev itglev(imxgeo) number of the tangent-level for ead geometry

i par ipar = number of altitudes where the temperature profil e isfitted.

Module structure

The modue proceals a ong the foll owing steps:

1. Building of the levelslocated between the lowest and the highest simulated geometries

2. building of the levels locaed above the highest simulated geometry,

3. interpadlation d temperature and VMR profil es to the dtitude levels generated in steps 1. and 2.,
determination d presaure a the generated levels,

4. cdculation d itglev

Detail ed description

For the description d thismodue, seepar. 3.2.11.1.
The only difference between mkplev_vmr and mkplev_fwd modues is that the variable iderlay is
not cdculated in mkplev_fwd.

4.2.7.20 CHECK_VMR
For the description d thismodue, seeSed. 3.2.11.2.

4.2.7.21 POINT
For the description d thismodue, seepar. 2.2.11.4.

4.2.7.22 CURGOD_FWD

CURGOD_FWD
(----DREFIND +
(-—-QSIMP5

|-----DREFIND +
|-----DFUNC1 >
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|-----TRAPZ5
| (----PTNMRFROMZ
| | -{---DREFIND +
| (----DFUNC1 >

Description: This subroutine performs the ray-tradng for the diff erent geometries and cacul ates,

. for al the pairs geometry-layer:

the ar column (raircol)
the length of the opticd path (ropath) in the layer

e o o

N

the wlumn of al the gases (rcol) that have to be taken in acourt in the adual retrieval

. and, only for asub-set of the posgble ‘paths’, the IAPT-numbers (seesubroutine point):

¢ the equivalent presaure (in Curtis-Godson meaning) (rpeq) for all the gases (IAP)

¢ the equivalent temperature (rteq) for all the gases (IAT)

For some explanations of the reasons of the dhoices implemented in this modue, refer to T.N. on
‘High Levé algorithm definition and physical and mathematical optimisations (TN-IROE-

RSA9607), sed. 6.1and 6.2.
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Variables exchanged with external modules

Name | Description

ipath Total number of different IAPTS number

igeo Total number of simulated geometries

ilev Total number of atmospheric levels

itglev Vedor that asociates to ead geometry, the crrespondng number of the
tangent level.

ipoint Matrix of IAPT-number

igas Total number of gasesin the seleded MW

romod | rpmod(imxlev): pressure on levels used for the radiat. transf. cdc.

rtmod rtmod(imxlev): temperature onlevels used for the radiat. transf. cac.

rzmod | rzmod(imxlev): heights of levels used for the radiat. tranf. cdc.

rmrmod | rmrmod(imxlev,imxgas): volume mixing ratio for ead gas considered in
adual retrieval onlevelsused for rad. transf. cdc.

readad | eathradius

rlat latitude of the adual limb-scan (deg.)

deps degreeof acarracy required for the cdculation o Curtis-Godsonintegrals

rpeq rpeq(imxpat,imxgas) implemented atmospheric (equivaent) presaires
(IAPs)

rteq rteq(imxpat,imxgas)  implemented atmospheric (equivalent) temperatures
(IATS)

rcol rcol (imxlay,imxgeo,imxgas) columns for ead layer, ead geometry and ead
gas

raircol | raircol(imxlay,imxgeo) air-column for ead layer and ead geometry

ropath | ropath(imxlay,imxgeo) opticd path lenght for eat layer, ead geometry

rtmain | rtmain(imxpat) Curtis-Godson equivalent temperature (IAT) of the main gas

Detail ed description

This modue performs the same operations that are made in modue curgod_pt (seepar. 2.2.11.5):
the only difference is that al the perturbed quentities (rpeqpert, rteqpert, rcolpert) are not

cdculated in thismodue.

Date: 07/02/02 Page 385/ 395
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4.2.7.23 QSIMP5 & TRAPZ5

QSIMP5
|-----DREFIND +
|-----DFUNC1 >
|----TRAPZ5
| (-—SQRT*
|  (---PTNMRFROMZ
| |  ---DREFIND +
|  (--DFUNC1>

Description:

Starting from:

¢ thelimits of integration dxa and dxb,

¢ the value of temperature, presaure (and consequently of refradive index) and VMR of the adual
gas onthe boundhries of the layer,

¢ theinterpdationlaw in altitude of al these quantiti es inside the layer,

these two modues can cdculate five different numericd integrals: dcoll, dd, dtl, darcoll and
dopahl. According to the value of the logica variable Iflag some of them are not cdculated.

Variables exchanged with external modules

Name | Description

dalay altitude of the lower boundary of the layer
dxa lower limit of integration

dblay altitude of the higher boundiry of the layer
dxb higher limit of integration

dta temperature wrrespondng to the lower boundary of the layer
dtb temperature rrespondng to the higher boundary of the layer
dpa presaure correspondng to the lower boundy of the layer

dpb presaure correspondng to the higher boundxry of the layer
dmra VMR correspondng to the lower boundary of the layer
dmrb VMR correspondng to the higher boundary of the layer
dsnellc | Snell’slaw constant

dtan_0 | tangent dtitude referred to centre of the eath

reaad | eathradius

rlat latitude

deps required acasracy for the integrals cdculation

dcall returned column o this path (to be moved to the dhoisen measurement
units)

daircoll | returned air density (to be multiplied by parameter rk)
dopathl | returned path lenght (in km)

dtl returned equivalent temperature (to be normali sed)
dpl returned equivalent presaure (to be normali sed)

jgas adua gas number (locd code)
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Iflag logicd variable: only when it is true, the eguivaent presaure and

temperature have to be cdculated

Detail ed description:
For the description d thismodue, seepar. 2.2.11.6.

4.2.7.24 DFUNC1
For the description d thismodue, seepar. 2.2.11.7.

4.2.7.25DLIM
For the description d thismodue, seepar. 2.2.11.8.

4.2.7.26 DREFIND
For the description d thismodue, seepar. 2.2.11.9.

4.2.7.27 PTNMRFROMZ
For the description d thismodue, seepar. 2.2.11.10.

4.2.8 ADDNOISE

ADDNOISE

For the modu e description seesource @dein [AD7].

4.2.8.1 CONV_NOISE

Description
This modue is used for performing the mwnvdution d the noise, as a function d frequency, with
the gpodsation function.

Variables exchanged with external modules:

Name | Description

imw  |index of the adual microwindow

igsm |index of the adual geometry

nsam | nsam(imxmw) = number of observed sampling paints for the microwindowv

rnol rnoi(imxj) = not-apodsed ndse spedrum

rnoic |rnoc(imxi,imxmw,imxgeo) = gpodsed nadse, microwindov and geometry
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dependent

rapod__ | real *4 rapod_sigma(imxil c) = gpodsation functionin spedral domain
sigma
nail sdp | total number of points of the gpodsation function

Algorithm Description

This modue cdculates the mnvdutionintegral between the inpu function rnoi and the gpodsation
functionrapod sigma as it comes from modue sapod. The result of the mnvdutionis cdculated in
a frequency interval that is reduced on bah sides with resped to that of the input function. The
frequency grid coincides with those of the observations.

Module Structure
1. Determination d the normali sation factor
2. Convdution ketween the inpu function and the gpod sation function and namali sation.

Detail ed Description

1. Determination d the normali sation fador

The summation rsum on all the spedra points nail sdp of the gpodsation function rapod sigma is
cdculated.

2. Convdution between the inpu function and the gpod sation function, and namali sation.

The onvdutionintegral is computed, at the i frequency as:
nail sdp

rnoic(i, imw, igsim) = Zrnoi(k+i—1) -rapod_sigma(nailsdp—k + 1)

k=1

where k isincremented by steps of 1.
The computation d rnoic isrepeaed for ead value of i going from 1 to nsam(imw).
All the values of rnoic are normali zed multi plying them by 1/rsum.

4.2.9 ADDOFF
For the description d thismodue, seeSed. 2.2.28.

4.2.10 OUTESA
For the description d thismodue, seesource mdein [AD7].

4.2.11 OUTOBSERV
For this modue description seesource @dein [AD7].
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4.3 Variables and parameters used in the self-standing OFM

The parameters used in the self standing OFM are described in the foll owing table.

Name Description Value

dcdop used in Dopper broadening: sgrt(2 In2 kavog / c"2) 3.5811737d7

dext extension d the (already with iadd*delta extended) microwindow 0.4
whereioutinis =t to 1[cm™]

dinvpi 1/pi 0.318309886

dsgin2 | sgrt(In2) 0.832554611

dsgpi sgrt(pi) 1.772453851

iglclf the qudient between coarse and fine wavenumber grid intervals 5

imxapo | maximum number of points in the godsation function (path 513
diff erence domain)

imxcof | max number of coefficients for the cdculation d the quaient of 4
the partition sum (=4)

imxcta | max number of elements in the rredion table of tangent 50
altitudes due to refradion index

imxept | max number of extra paths 1

imxfcs | max number of frequencies to which cross gdions are provided 1
in the look-up tables

imxfpg | max number of elements in the fixed P grid imposed to the 50
retrieval

imxgas | max number of gasin theretrieval 10

imxgeo | max number of simulated observations 18

imxgmw | max number of gases per MW 4

imxhit number of gasesin the HITRAN 96 data base 36

imxi maximum number of sampling points in the synthetic spedra 100
computed at the observed frequencies

imxilc max number of sampling point in the instrument line-shape 1000
function (course grid!)

imxils maximum number of sampling pointsin the instrument line-shape 2400
function (fine-grid!)

imxism | max number of isotopesin HITRAN data base per moleale (=8) 8

imxiso | number of total isotopesin the HITRAN database 85

imxite maximum number of maao-iterationsin retrieval procedure 15

imxj maximum dimension o J matrix (VCMobs=J-J") imxil cHmxi

imxlay | max number of layers for modeling the amosphere imxlev-1
(=imxlev-1)

imxlev | max number of levels used for modelli ng the amosphere 70

imxlin max number of lines per microwindow 300

imxImb | max number of parameters to be retrieved for ead set of 18
parameters (p,T,C,vmr)

imxmw | max number of microwindovs 20

imxobs | max number of observationa paint (for Jacbian matrix) 2700

imxpat | max number of possble paths (be caeful: imxpat* | imxlay+imxept* (i
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imxsig*4* imxgas is the number of bytes nealed for the biggest mxgeo-1)
field (variable rcrosg in the program!)
imxpcs | max number of P to which cross ®dions are provided in the 1
look-up tables
imxpre | maximum number of points for the precdculated li ne shape imxsig
imxpro | max number of elementsin p,t profil es 100
imxri max number of refradion indices provided in the @rrespondng 50
file
imxsig | max number of wavenumber grid-points for amicrowindow 5500
imxsl max number of sub-levels between the paintings of the 20
simulations
imxsnc | max number of sampling point for the sinc function wsed to 4800
interpolate the instrument line-shape function
imxtcs | max number of T to which cross ®dions are provided in the 1
look-up tables
imxtop | max number of parametersto be fitted 60
imxvt max number of vibrational T provided in the @rrespondng file 20
nrepcod | HITRAN code for the gas for which the line shape is 12
e precdculated (HNO3)
nrepiso | HITRAN isotope number of the gas for which the line shape is 1
precdcul ated
rairmass | average molec weigth o the ar (kg/kmol) (US STD) 28.9644
rbc Boltzmann constant (for density in mol/cm-3) 1.38065&-19
rcl constant in the Planck-function (2 hc"2) 1.191043934-3
ren constant in the refradionindex expresgon .000272632
(n=1.+(ren*rtOn/rpON)*p/T)
rdmult the number of Dopger haf-widths from the line-centre from 30.
which the Lorentz function instead of the Voigt-function is used
Error: rdmult=10 -> 1.5% ; rdmult=20 -> 0.4% ; rdmult=30 ->
0.18%
refind multiplicative @nstant in the expresson d refradion index n: rtOn*rcn/
refind= ren*rtOn/rpOn rpOn
rephw0 | referencehalf width of the line shape to be precdculated 0.11
repexph | referencehalf width exporent of the line to be precdcul ated 0.75
rgo acceeration d gravity (m/s**2) 9.80665
rhck h*c/k [K/cm-1] 1.4387687
rk 10°/rbc 10°/rbc
rmovr 1000 *rairmass/ R(=8314.32N.m/(kmol.K)]) 3.483676
rpOh reference presaure for pressaure broadening 1013.25
rpOn presaure on level seafor refradionindex cdculation 1013.25
rtOh reference temperature for pressaure broadening 296.
rtOint reference temperature for the line intensity 296.
rtOn temperature on level seafor refradionindex cdculation 288.16
rvif multiplier for (Dopper+Lorentz=~Voigt) half-width to determine 0.1
the locd fine grid
rvmult rvmult is the number of (Dopder+Lorentz=~Voigt) half-widths 50

from the li ne-centre where the transition between loca coarse and
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| locd fine grid ocaurs (rvmult >= rdmullt !! |

The variables used by the self standing OFM program and exchanged between modues are
described in the follwing table.

Name Dim- Description Modified
ension in:
delta distance between fine-wavenumber grid pdnts [cm™] input
deps maximum relative variation for ead iteration in cdculation d | inpu
curtis-godson variables
dsigmO central frequency of the line used for testing P levels [cm™] input
dsigma | imxsig, | wavenumber fine grid for ead microwindow [cm™] grid
imxmw
dsilin imxlin, | central wavenumber for eat line of each Mw [cm™] input
imxmw
dstep distance between coarse-wavenumber grid pants [cm-1] input
iadd number of fine-wavenumber grid pants to be alded on bdh | ails
sides of ead microwindow (due to the il s-convdution)
ibase number of base-levels chbase
icode imxlin, | HITRAN moleaular code for ead line of ead Mw input
imxmw
iept adual number of extra paths input
ifsomw | imxmw | index of the first sampling point of eacy MW * NOTE: the | inpu
sampling point at frequency=0 hasindex=1
igas number of diff erent gases for adual retrieval inigas
igashi imxgas | HITRAN code number for ead global gas number inigas
igasmw | imxmw | number of gasesto be mnsidered for ead mw inigas
igasnr imxgas, | global gas number for the locd gas number of ead Mw inigas
imxmw
igeo number of simulated geometries occusim
iSO imxlin, | isotope number for ead line of eat Mw. input
imxmw
ilev number of levels for simulations mkplev
ilimb number of measured geometries input
ilimbmw | imxmw | number of valid measured geometries per microwindow | occusim
(number of 2 in ead column of iocsim)
ili ne imxmw | number of linesin ead microwindowv input
imaingas HITRAN code of the main gas of the retrieval input
(=2 for CO, inthe cae of p-T-retrieval)
imaskcon | 3 imaskcont(1)=1: H,O continuum cdculation input
t imaskcont(2)=1: O, continuum cdculation
imaskcont(3)=1: N, continuum cdculation
imw number of the adual microwindow fwdmdl
iobs total number of observations to be fitted occusim
iocsim imxgeo, | occupation matrix for the simulations to performed occusim
imxmw | =0 nosimulationrequired,
= 1 simulation required withou FOV
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= 2 simulation required with FOV
ioutin imxlin, | flag for ead line input
imxmw | =1: line-shape hasto be cdculated at ead wavenumber inside
the microwindow
=2: lineis considered as neaby continuum
i par number of parameter-levels occusim
ipath number of different IAPT numbersin ipoint point
ipoint imxlay, | matrix, which attaches to ead pair of layer/geometry the | point
imxgeo | IAPT number
ipro number of elements contained in P, T and VMR profiles | inpu
initial guess
irovmw | imxmw | the row of the Jacobian matrix where the ad¢ual microwindow | occusim
starts
isigma imxmw | number of genera wavenumber fine grid padnts in ead | grid
microwindow
iterg maao - iterationindex (Gaus9 retr
iterm micro - iteration index (Marquardt) retr
itglev imxgeo | number of the tangent-level for ead geometry mkplev
Ifitgeo imxgeo | logicd vedor that identify the levels where the profiles are | occusim
fitted: referred to rzsi (to the ssimulated geometries)
lokku imxgeo, | occupation matrix used for the seledion o operational MW's | input
imxmw | for ead olservation geometry
Iparbase | imxpro | logicd vedor that identify the levels where the profiles are | chbase
fitted: referred to rzbase (to the base-levels)
nail sdp number of AILS data points input
napod imxapo | number of points of rapod , the godsation function in | inpu
interferogram domain. IT HAS TO BE (2**n+1), WITH n
INTEGER.
nils number of elements of rils ails
ninterpol switch for the dedsion d interpoation d the asorption | inpu
crosssedions for the geometries above the lowest geometry
(only if the IAPT number of the path is increasing, which was
dedded duing the cdculation d ipaint)
=-1: nointerpdation, all crosssedions recdculated
=0: all crosssedions abowe the lowest geometry are
interpolated
=1: new cdculation orly of the tangent-layer, al other layers
interpolated
=2: new cdculation d the tangent-layer and the layer abowve,
al othersinterpolated
=3 ...
nll number of basis vedors read_look
up_vmr
nrd Ratio between genera coarse grid step and genera fine grid | inpu
step
nsam imxmw | number of sampling paintsin eady MW (general coarse grid) | inpu
nselmw total number of seleded microwindows for the retrieval input
nswh2aoc =imaskcont(1): switch for H,O continuum (inpu)
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on nswh2acon=1: H,O continuum considered
nswn2co =imaskcont(3): switch for N, continuum (inpu)
n nswn2corn=1: N, continuum considered
nswo2co =imaskcont(2): switch for O, continuum (inpu)
n nswo2corn=1: O, continuum considered
nucl nucl+1 = upper parameter level for continuum fit retr
nwvi number of wavenumber pointsin crosssedionlook-uptable | read_look
up_wvmr
rail s imxilc, | apodsed instrument line shape for all seleded MWs input
imxmw
raircol imxlay, | air-column for ead layer and each geometry [moedcm™] curgod
imxgeo
rapod imxapo | apodsationfunctionin path dfferencedomain input
real*4
rapod s | imxilc | apodsation functionin spedral domain input
gma
real*4
rbase greder base of trapezium of Field of View function [km] input
rchase imxpro, | continuum on the base-levels for each MW [cm?/moled chbase
imxmw
rcol imxlay, | column amounts for ead layer, ead geometry and ead gas | curgod
imxgeo, | [moledcm?]
imxgas
rconint imximb | frequency range aoundead MW, in which the cmntinuum can | inpu
ijmxm | be mnsidered asvarying linealy. [cm™]
w
rconvc 3 thresholds used to chedk convergence citeria input
(see @nwvchk-description)
rcprof imxpro, | array containing continuum cross ®dion as a function d | inpu
imxmw | altitude and microwindow [cm?moled
rcross imxsig, | absorption cross ®dions for eat general wavenumber fine | cross
real*4 imxpat, | grid pant (1st index), ead IAPT number (2nd index) and
imxgm | ead gas (3rd index) for the acual Mw [cm?moled
w
reaad locd radius of curvature of the eath [km] input
redfac reduction fador applied to ‘'rincz when it produces naot | inpu
accetable P levels
relow imxlin, | lower state energy for ead line of eady Mw [cm™] input
imxmw
rexph imxlin, | exporent for temp. dependence of air-broadenedhalf width input
imxmw
rexphref exporent for the cdculation d Lorentz h-w in mkplev input
rhwO imxlin, | air broadened helf width [cm™/atm] at 296 K input
imxmw
rhwOref half-width of the line used for testing P levels input
[cm™Y/atm] at 296K
rhwvar relative max. haf-width variation allowed between two | inpu
neighbouing P levels
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rils imxils, | instrument-li ne-shape functionin the frequency fine grid ails
imxmw
rincz trial increment given to altitude for building P levels input
rint0 imxlin, | lineintensity for ead line of eadch Mw input
imxmw | [cm™/(molectcm™]
rintils ratio between the frequency step approximating infinitesimal | ails
spedral resolution and the integral of the ILS function
rlat latitude of the adual limb-scan (deg.) input
rlolin imxlin, | lower limit where the line hasto be mnsidered [km] input
imxmw
rmaxtvl max. allowed temp. variation between levelswhen: 0 < | inpu
altitude of level <rzt12[K]
rmaxtv2 max. allowed temp. vatiation between levels, when: rztl2 | inpu
< dtitude of level < rulatm [K]
rmrmod | imxlev, | volume mixing ratio for eat gas considered in adual retrieval | mkplev
imxgas | onlevelsused for rad. tra. cdc.
rnoise imxmw | NESR dependent on geometry and microwindow input
,iImXgeo
roffs imxmw | fitted instrumental off set for eadh mw [r.u] input
ropath imxlay, | opticd path length for ead layer, eadr geometry [km] curgod
imxgeo
rpbase imxpro | presaure onthe base-levels [hPa] chbase
rpeq imxpat, | equivalent presaures [hPa] curgod
imxgas
rpmod imxlev | pressure onlevels used for the radiat. transf. cdc. [hPa] mkplev
rpprof imxpro | vedor of presaure profile & afunction d atitude Z. [hPa] input
rd hal f-diff erence between the bases of the trapezium (1/rdl gives | inpu
the slope) [km]
rspct imxi, spedrum for eat geometry on the general coarse grid [r.u] spedrum
imxgeo | 1st index: general wavenumber coarse grid
2ndindex: geometries to be simulated for the acua Mw
rspfov imxi, smulated spedra rrespondng to the different tangent | fov,
imxgeo, | presaures and dfferent microwindovs on the general | adddf
imxmw | wavenumber coarse grid: ( rspct * FOV )
[r.u]
rtbase imxpro | temperature of the base levels [K] chbase
rteq imxpat, | equivalent temperatures [K] curgod
imxgas
rtmain imxpat | Curtis-Godson temperature of the main gas [K] curgod
rtmod imxlev | temperature onlevels used for the radiat. transf. cdc. [K] mkplev
rtprof imxpro | vedor of temperature a afunction d atitude Z. [km] input
rulatm upper limit of the amosphere [km] input
ruplin imxlin, | upper limit where the line hasto be mnsidered [km] input
imxmw
rvmrbase | imxpro, | volume mixing ratio of the gases onthe base levels [ppm] chbase
imxgas
rvmrprof | imxpro, | matrix of VMR profil es[ppm] input
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imxgas
rwmol imxhit, | moleaular weight for eady HITRAN molealar code axd| wmol
imxism | isotope number [g/mol]
rwmolref moleaular weight of the gas used for testing P levels [g/mol] input
rzbase imxpro | atitude of the base-levels [km] chbase
rzerof zero-filling expressed as the ratio between measured and | inpu
transformed interferogram
rzmod imxlev | heights of levels used for the radiat. tranf. cac. [km] mkplev
rzmodper | imxlev, | perturbed dtitude grids after the perturbation o temp.| mkplev
t imximb | profil es. [km]
rzprof imxpro | vedor of altitudes Z to which rtprof, rpprof and rvmrprof are | inpu
referred [km]
rzsi imxgeo | tangent altitudes of the geometriesto be simulated [km] occusim
rztl2 atitude where the temperature threshold changes from | inpu
rmaxtv1 to rmaxtv2 [km]
rztang imxgeo | vedor containing the engineaing values of tangent atitudes | inpu
[km]
smw imxmw | charader*6 : microwindow identifier




