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Many methods of retrieving atmospheric temperature data from satellite radiéncesfii

have been devised. Three of the moré well known methods have been investigated by
Goddard and Hunt (1974). One fundamental disadvantage of all these methods is that
the weighting functions must be known in order to carry out the retrieval. Once a
radiometer is in orbit, however, changes in its specifications afe bound to occur and
tnese will be reflected in the weighting functions and, if these changes are not
allowed for, could produce systematic errors in the retrievals. This report describec
a step-wise multiple regression retrieval program which does not use the weighting
functions and which can easily be made independent of long term drifts by updating

the regression coefficients with data from coincident radiometer/rocketsonde

soundingse.
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*».  PROGRAM DETAILS

A stepwise regression introduces the independent variables one by one, the
order being determined by the observed partial correlation with the dependent variable.
Independent variables are not allowed to enter the regression if their partial
correlation with the dependent variable is too low. This facility is important when
tﬁe method is used to retrieve profiles from noisy radiances, where the inclusion
in the regression of radiances which do not correlate well with the dependent

variable would make the retrieval worsee.

A stepwise regression is performea between the satellite radiances and the
black body radiance of tne atmosphere at a given pressure. A temperature profile is
constructed by repeating this process at each of the standard pressure levels between
100 and 0.1 mb. There arec several reasons why this method is preferred to the

direct retrieval of thicknesses;

o For many applications a temperature profile is preferred to a list of
thicknesses; for example in corparisons with radio and rocketsonde data and

in checking how small scale features such as the tropopause are retrieved.

e Any thickness between 100 and 0.1 mb can be found without the regression

having to be repeated.

e All thicknesses calculated from a profile are mutually consistent, which
would not be the case if thicknesses were retrieved directly, as each thickness

would be retrieved quite independently of any other.

Despite these advantages the program would be useléss if it produced
much worse retrievals of thickness tnan a method which carried out a regression
to a set of thicknesses directly. The program was tuerefore re-written to perform:
such a regression and the results of a comparison with the profile method are

presented in section 3.3



The program was tested with the latest collection o1 rocket and radiosonde

temperature profiles first compiled by Barwell and Hoskin (1972). These profiles
are in the form of temperatures at the 50 pressure levels defined by;

—(n-1)

P(n) = |03 2%$g8 e S n=\ O @

The experiments descrabed in the next section used the 48 profiles in the
Winter Pole sample, as of all the seven latitude gyeason samples this shows the
greatest variability in the stratosphere and hence should test the retrieval method

most severelye.

In a preliminary program tue radiances which would be observed by a satellite

radiometer scanning these temperature profiles were computed using the formulae;
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Where TN is the temperature in K at the level whose pressure is p(n), ;E is
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the wavenumber in om™ of. the: radiomater channel ficp = 119006 x 10~ Wm2,

c2 = 1.43879 x 10'2 moK, and the radiances are measured in radiance units;

2 -1)

1RUZ 1 mWm™ sr'1(cm

The weignting functions, wiN’ are those expected for the three SSU and the

three highest BSU channels of tne Tiros N Operational Vertical Sounder.

It must be stressed that the preliminary program is ent.rely separate from the

regression and was run merely to present to the regression program data which is




“as similar as possible to that which it is expected to be processing when Tiros N

becomes operational.

Print-outs of the profile regression and direct thickness regression programs
appear in appendices 1 and 2 respectively. These suould be self explanatory, although

a few sections will now be discussed in greater detail.

A sample o1 temperature profiles and radiances is read in and divided into
two groups, the first of wh.ch is used to compute the regression coefficients wuich
are then used to retrieve all the profiles. The retrieval errors are calculated

using t..e second group only.

There is a facility for simulating tue effect of instrumental noise on the
retrievals. Noise with zero mean and tue standard deviation expected in each
channel can be added to the radiances using the subroutines GAUSS and RANDU. From a
given integer tnese subroutines produce tne same string of '"random" numbers each
time they are called, so to simulate real noise as closely as poss_ble this integer
was changed at each calling by deriving it from the time of day, recorded by the

computer clock in milliseconds, which proved to be sufficiently random.

The temperature profiles are interpolated to the standard pressure levels between
100 and 0.1 mb using a first order interpolation in tne logarithm of pressure.
The stepwise regression itself is performed by calling the subroutines C.RRE, MSTR,

LOC and STPRG, wh.ch use tne simple regression formula;
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e EXPERIMENTS

el Number of radiances required in the regression

In order to discover how the retrieval errors depend on the number of variables
entered into the regression, the program was run with up to 6 radiances in the
regression, the actual radiances used being chosen by the program. In table I the
means and standard deviations of tne errors of the retrieved heights of the 3%0, 10,
%3, 1, 0.3 and 0.1 mb surfaces with respect to the 100 mb surface are presented. The

results are presented in this form because such heights form the basic input data

to operational forecasting mocdcls.

The results show that if more than four radiances enter the regression there is
no significant improvement in the thickness retrieval. For samples with less
variability in the temperature“profiles, and in tne presence of noise, this number is
expected to be even lower. To ensure the smallest possible retrieval error with the
minimum number of radiances, the program was therefore altered so that at least four
radiances enter the regression, the remaining two only being entered if their

partial correlation with the dependent variable is high enough.

3l The effect of instrumental noise

The program was now run both withgnd without the noise option described in section
2. Since the total number of profiles in the winter pole sample is only 48, significant
variations in the average retrieval errors were expected, depending on which profiles
were used in the regression. The experiment was therefore carried out three times,
using different subsets of 24 proiiles from the winter pole sample in the regression,

the numbers of the profiles in each subset being drawn from a table of random integers.

The noise added to the radiances is summarised in Table 2. The results are
presented in Table 3, which shows that the thickness retrieval errors vary
considerably with the subset chosen. Both with and without noise the heights of

the 30, 10, 3 and 1 mb surfaces above 100 mb are retrieved with similar errors,
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TABLE 2

- NOISE ADDED TO THE RADIANCES

CHANNEL SSU BSU
1 2 3 . 2
WAVE NUMBERS (CM™Y) 668.0 | 668.0 | €68.0 |668.5 | 678.0 |690.0
STANDARD DEVIATION
OF NOISE (RU) 1.75 | 0.7 0.35 | 0.45 | 0.6 | 0.19
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which is probably due to the relatively small variability of the profiles below 1 mb

and to the way the retrieved profile oscillates about the actual profile, so that
larger thicknesses are not necessar.ly retrieved with larger errors. Figures 1 and

2 illustrate this effect for two profiles from the subset used to calculate the

thickness retrieval errors for sample C.

The deterioration in the accuracy of the retrievals above 1 mb is mainly due
to the fact that the peak of the highest weighting function used lies below this
level. The radiances therefore contain very little information on what is unfort-

unately the most variable region of the temperature profile.
Not surprisingly the addition of noise always makes the retrieval worse,
though the factor by which the .standard deviation of the retrieval error increases

is very much a function of the sample used.

P Comparison with direct thickness regression

In the direct regression program a stepwise regression is performed between
the required tnicknesses and tne equivalent temperatures of the measured radiances.
As can be seen from appendices 1 and 2, in all other respects the program is identical
to the profile regression. The experiment described in section 3.2 was repeated with
the direct regression and tue results are given in table 4, There are certainly no
glaring differences between the numbers in Tables 3 and L, The differences which do
exist tend to show the direct method to be worse tnan the profile method, though

overall the differences are no. statistically significant.
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L, CONCLUSIONS

A computer program which retrieves stratospheric temperature profiles from satellite

radiance data using a stepwise multiple regression has been written. The program has
been tested with a data set containing a wide range of profile shapes and the effect
of instrumental noise on the retrievals has been investigated. Comparison with a

version of the program in which thicknesses are regressed directly from the radiance
data shows that there is no significant difference between the errors produced by the

two methods.

The versatility of the profile regression program makes it a natural choice
for an operational retrieval method. In an operational environment tne regression
coefficients could be up-dated at iniervals using co-located rocket/ radiosonde and
radiometer data, which would eiiminate t..e effect of the inevitable long term drifts

in the radiometer performance.

It has been recognised for some time that, because of the large differences
between stratospheric temperature profiles taken from widely separated latitu.es,
a single set of regression coefficients for tne whole world would produce worse
results than, say, seven sets each covering a limited latitude band, such as the
winter polar sample used in this study. Rather than divide the world into bands it
may be better to eramine the radiances themselves more closely and use the values of,
or patterns in, the radiances to decide which set of coefficients to use. This
could lead to improved retrievals at times of stratospheric warmings and would

remove the discontinuities which are bound to occur at the edges of latitude bands.




REFERENCES

BARWELL B R and HOSKIN G C (1972).

GODDARD J W F and HUNT R D (1974).

"Vertical temperature profiles of the
troposphere and stratosphere on punched
cards". Met O 19 Branch memorandum No. 1.

"Some results on the comparison of retrieval
methods - maximum probability, minimum
information and Tychonov regularization'.
Met 0 19 Branch memorandum No. 11.




YV Oy €

A1-1

APPENDIX 1

QSWMR~==—=STEPWISE MULTIPLE REGRESSICN

GIMENSION X3AR(T)oSTO(T) oD(T) o8(T) o T(T)oIDX(T)sL(7)

DIMENSICN T]TLE(?Uy"L)yt_{l‘\D(by‘*f‘,)1TEMP(5-’,.~,4¢")9CC(T,BU)yCHN(b)
DIMENSION TSLU22,48) gTSLEST(2Z9468)91A(22)+SPLI22)9G(13C) X (336)
CIMEMNSTON RXT4S) gR(2K) yNSTEPIL ) gANSLLL) yISELL4E) 2IDXF(T922)9ASE(6)
GIMENSICN RLHT(22)3RTHTU22) 9IHTL42) 3 THICK(Z1) oRTHICK(21),0T(21448)
DIMENSION AVDT(21),50D7T(21)

C1=1.,19C96E~-5

C2=1.4387T9

UATA CHN/béd.O'GbG.0,068.0,66?-51673.01690.0/

CATA ASE/1e7590.790.3590.,45,C¢164019/

CATA SPLZ100C G2y 7CGe(0oE 060904060930,0920,0915.0910,0,7,0, 5e034e¢0533.0¢
]Z.C,l.zyl.(y( 7 Co—"C ".-,--/,O.LyC lb () 1/

CATA IA/IZ,I#,10117110126122124725,27,26,30,33,33,35137,39,40'41,4
13,45 947/

DATA IHT/5419895912987,15912989191295915989199129129¢19159591998922,
112p1511v19a512215110’1511911122'51E2915,22,1;22,19/
FORMATI(215,212)

FORMAT (47THINUMBER OF PROFILES READ INeeceessosscccvscscscecscssll)

¢ FORMAT (47HONUMBER OF PROFILES USED IN THE RECRESSIUNeeeeel3)

1o .DFQS‘QAT (Q-IHJ’%UMLECR GE VARIABLLS.........-o.-ooooooo.o.....l3)
12 FORMAT('OVARIABLES USED IN THE REGRUESSION'./,T109'0-—INDEPENDENT V

L

W

1ARTAGLE 1——FORCED INDEPENDENT VARIASBLE 2—DELETED VARIABLE
2 >3——DEPENDENT VARIABLE',/,T1&,"LEVEL 58Ul SSuz SSu3
3 BsUL BSuz BSU3 TEMP® 3/ 422 /T1iT4FCe29719))

20 FORMAT(1HO,***%x*EI1THER THE MATRKIX IS SINGULARy, CR THE RESIDUAL SUH
1 OF SGUARES IS NEGATIVE IMPLYING EXTREME ItL CONDITIONG®,/s* SELEC
2TICN IGNORED.*%%%t) :

21 FORMATIIHG,v=x%%xe J6,* OBSERVATIONS ARE TOO FEW TO ALLOW PARAMETER
1 ESTIMATION FUR®" 915, VARIABLES. JOB TERMINATED o%%%%0)

<03 FCRMAT(20A4)

204 FORMAT(6F6.11)

220 FURMAT('OTEMPERATURE PROFILES AND RADIANCES(CCRRECTED TO 668.0 WAV
1ENUMBERS) « NCTE THAT THE REGRESSION USES PLANCK RADIANCES RATHER T
2HAN THE®9/5" TEMPERATURES THEMSELVESe REGRESSIUGN COEFFICIENTS AKE
3CALCULATED FRCM THE STARRED PROFILES CNLY. THESE ARE THEN USED TO
SRETREEVE® /9 ALl THE RROFTLES SUQMITTED.'////Tlé,'TEMPERATURE PRO
SFILE'9T969 *RADIANCES*//T90, 55U SSU SsSuU BSU 8SU BSU/)

221 FORMAT(134320A49T87+6F0el)

240 FCKMAT('1KEGRLCSSICN CCEFFICIENTS FCR EACH TEMPERATURE LEVEL'//T5,!
ILEVEL CONSTANT SSUY 36X e SSUT,6X g "SSUY 36X PBSU 36X 'ESU 36X,y "B
28uv/)

241 FCRMAT (T4,F662,T11,7F%e4)

402 FORMAT (1H )

READ (5453) AST2Z49(G(I)yI=1,4120)
€3 FORMAT (80A1l)
READ IN CCNTRCL DATA
READ(Z41) NaNCyM,INOISE
DO 80 1=1.N
80 1SEL(I)=0
FEAD(514U4)((IDXF‘I 3 = 1,7)1J 1,22)
404 FCRMAT(10(12,611))

— T st e e e e e O STIRRE  b a  L G ASARR R E RE  h RS e P SR




A1-2

RLAD(5944)(1‘EL(I),1=I,NC)
44 ORMAT(2513)
MRITQ (643) N
WRITE (6,9) NC
WRITE (6,10) M
WRITE(G9L2)YISPLIJ) »(IDXF(I9J)eI=1, 7),J—1v?2)
IF (NC-M=-2) 101,101,102
101 WRITE (64521) NCoM
STeP
102 MN=M-1
READ IN THE PRCFILES
201 UD 2C2 J=1,4N
KEAD(59202)(TITLE(I4J),1=1,20)
READ(5,204) (RAC(I9J)91=1yMN)
20z CONTINUE
REAGIIX)CATENMP(I fJ) 9y I=145C),d=1,N)
bdthhT THE RADIANCES TC 668 thEHU“iERS
DG 302 J=1,N
DC 362 I:I,MN
EFFT=(C2%LHN(T))/ALCG({ Lo O+ (CLI¥(CHN{T)*%3)/RAD(TI,J)))
KaD(14J)=3549,99/(EXP(961.112/EFFT)=-1.0)
CONTINUE
ADD NUISE TC THE RADIANCES IF REQUIRED
IF(INCISE) 662,602,603
603 CALL INTVAL(A,0)
ITIME=INT(A%1CGC0.0)
IF(ITIME/2.0-1TIME/2-0.3) 6C4,4,6C4,4,605
604 ITIME=ITIME+]L
605 WRITE(6,606) ITIME :
606 FOURMAT('GRNOISE IS ADDED TC THE RADIANCES USING SUBRCUTINE GAUSS. T
1hE SEED IS DERIVED FROM THE TIME AT WHICH THE PROGRAM IS RUNe'y/s!
2 SEEU USED='419)
U 600 J=1g¢N
o0 601 I=14MN
SU=ASE(T)
CALL GAUSS(ITIME+SD,C.04V)
601 RACUI JI=RAG(TIU)+V
600 CONTINUE
602 WRITE(6,220)
LL=1
00 40 J=14N
hl‘\IT( (‘-‘1:.:.1)(\”( IIL"I,J)’I 19‘.0),‘F\f\D‘K'J"K—'l,MN))
IE fJSECISEL(LLY)) GO TQ 4]
GO TO 40
41 WRITE (6442) AST
42 FORMAT (*+1*,T86,A1)
LL=LL+}
4C CCNTINUE
INITIALISE THE REGRESSION COEFFICIENT MATRIX
DO 300 IK=1,50
LG 300 I=14M
CC(I,IK)=0.0
30C CONTINUE . :
FOR PROFILES IN REGRESSIOM PUT RADIANCES INTG X ARRAY

(0%
(¢
N

1L=0
DC 207 K=1,MN



g

207

20¢

X
S8
[

J
n
o

400

401

413

417

DO 2C7 J=1,yNC
IL=TL+1
I=1ISEL(J)
XCIL)=RAD(KyI)
CONTINUE

: START REGRESSION AT STANDARD PRESSURE LEVELS
iK=0
INTERPCLATE ALL THE PRCFILES TO CURRENT STANDARD LEVEL
IK=IK+1
15=IA(IK)
CUEF1=5 ,CXALCG(SPLIIK)*EXP(C.2% FLrXT(l'))/IOIU.szB)
CCEF2=1.0—-COEF1
DL 2uU% J=1,4N
TSLIIKeJ)=CCEF1*TEMP(IE,J)+CLEF2*TEMP(IB+1yJ)
CHANGE TIMPIRATURES 10 PLANCK KADIANCES
IL=NCHMN
DO 208 J=1,4NC
IL=IL+1
I=1StL(J)
X(1L)=2540,60/(EXP(961,112/TSL(IK,1))-1.0)
PERFCARM REGRESSICN
CALL CORRE (NCyMy19XogXEARgSTUIRYX9R9ByDyT)
CALL METRIRXyRyMyGyl)
DO 156 J=1,M
IDX{(J)=TDXF(J,IK)
CALL STPRG (‘\1HC'RX’XUARyIDXyC.O,NSTEP,ANS,L,B,STD,T,D,IER)
IF (1ER) 158,159,158
WRITE (6920C)
GC TC 206
CONTINUE
ENTER RESULTS INTO REGRESSION COEFFICIENT MATRIX
CCl1,IK)=ANS(9)
K=NSTEP(4)
D231 J=1%K
KK=L(J)
CCIKE+1,IK)=E(J)
IF(IK=22) 20642509250
WRITE CcUT THE REGRESSICN CCEFFICIENTS
WRITE(6,24(C)
WRITE(G6,241)(SPLIIY(CCHIT)od=1sM)sI=1,422)
WRITE CUT THE RESULTS FCR EACH PRCFILE
0O 500 J=1,4N
WRITE (64400)(TITLE(I1,43J),1=1,20)

FORMAT(1H1,20A%)

WRITE (6y401) :
FORMAT( 0", 9PRESSURE Y, T22, YTEMPERATURES /y MB®,TLl4y *ACTUAL
1RE TR IEVED DIFFYyT70y'0=ACTUAL  *=RETRIEVED*////)

UG 430 K=1,22

K5=25-K

IF(KS<EQe22) GO TO 417
LINES=INT(Ce5+13.0¥ALOGL1O(SPL(KS)/SPLIKS+1)))
DC 415 1=1,LINES

WRITE (6,402)

CONTINUE

CONTINUE

TSLEST(KS 3J)=CC(1,4KS)




DO 403 1I=24M
TSLEST(KS s J)=TSLESTIKS3J)+RAD(I-1,J)%CC(I4KS)
4032 CONTINUCL
TSLESTIKS 9J)=961,112/(AL0G(1.CG+3549.99/TSLEST(KSsJ)))
41C DIFF=TSLESTIKSyJ)-TSL(KS,J)
MI=INT((TSL(KSsJ)—=15S.0)/2)+40
NISIRTO(TSLESTUIKS,,J)=1569.0)/2)+40
WRITE (69414) SPLIKS) s TSLIKS3J)3TSLESTIKS,yJ)9DIFF4SPLIKS) »SPLIKS)
GLG14 f’-C’F\'MAT('+',T?.,Fb.Z,Tl#,F—o.Z,TZE,F&J.Z,T;‘,‘.),FO.Z,TQ-4,Fb.2,1'124,F6.2)
WRITE (649415)(G(1)1=19M1)4Z
WRITE (694150 GLTI)eI=1,0M1),AST
41% FCRMAT ("+',130A1)
420 CONTINUE
WRITE (69416)

416 FORMAT(49X gt e mmmemm e | = -1 - | ———]—————] -
U | et |=%747 *3T51,7180%yT619%200%9T719%22C*,T81, 240"
2,T91,9260%,T101,%280%yT111,y*300%yT121,%320 DEG K*/)

CALCULATE HUIGHTS ABOVE 10GMB
DO 5C 1=1,22
IF (1-2) 51952452
51 KLHT(1)=0.0
RTHT(1)=00
G0 TC s3
52 RLHT(1)=RLHT(I-1)41.46448% (ALOG(SPL(I~-1)/SPL{X)))*(TSL(Y4J)+TSL(T~
11,J))
RTHT(I)=RTHT(I1=1)+1,46448%(ALOGISPLII-1)/SPL(I)))=(TSLEST(1,J)+TSL
FESTEI =1 ,4))
53 CONTINUL
5C CONTINUE
CALCULATE THE RECQUIRED THICKNESSES

K=0
GO 54 1=1,41
K=K+1
IK=IHT(K)
K=K+1 t
IL=IKT(K) y
THICK(T)=RLHT(IK)-RLHT({IL)
RTHICK(I)=RTHY(IK}=RTHT(IL)
DT (I 9 J)}=RTHICK(I)~-THICK(I)
B4 CONTINUE
WRITE (&£958)
55 FORMAT(® PRESSURT "¢ 7Xs *THICKNESSES" 36Xy "PRESSURE Y, TX, *THICKNESSES®
I,cx,'PRi;bURE',7X,'THICKNESSES',bx,'PRESSURE'.?X,'THICKNESSES'./,’
2. INTERVAL - ACTUAL RETRY*D. DIFF. INTFERVAL ACTUAL  RETR®''0D  DIFFe
3 INTERVA ACTUAL RETRY'D " DIFFe: INTERVAL ACTUAL "RETRTYDx BDIEES
4%/ ) :
WRITELE 56 )ITHICK(Y) JRTHICK(T) DT (T9J)sI=1ly4)
E6 FORMAT(Y 100=30 143F8als? 30-10 '3F8ale? 10=3 % .3F8s14" 3-1
T ts3F8.1)
WRITELCsSTIITHICK(I) 4RTHICKTI)oDT(14J)91=5,8) !
ET OFORMAT (% ' 100-=10 ""y3F8.13%  30=-3 Y33F8.1e" 20-1 0 5aR8 4] 58 3-0e
13¢53F8.1)
WRITE(O 256 ) (THICKIY) gRTHICK(I)4DT(I,4)431=9,12) v
S5 “FORMAT(? 100=3 9,;3F8alge? 301 "43F84le?  1O~0.3"¢3F8.1," 3-0.
II.QBF&QI,
WRITE(E)SGIITHICK(I) yRTHICK(I) sDT(19J)5I=13,16)



N

A1=5

59 FCRMAT(Y 1GC-1 '33F8ely! 30~0e3"43F8Baly? 1U~Ual?y3F8a.1,°? 1-0.
139 43F8.1)
WRITE(6 96 CI{THICK(I)4RTHICK(I)oDT(I9J)el=1T419)
6C FURMAT(Y 100—0e3'"93F8aly? 30=0,1"33FBalyT97,4" 1-0.1*9y3F8a.1)
WRITELE L) UTHICK (L) yRTHICK(1)yDT(14J)91I=20921)
61 FORMAT(Y 100-=041'y3Flel yTGT7y" 0a3-Us1?,2F8.1)
500 CONTINUE
& CALCULATE THLC THICKNESS ERRORS FOR THE PROFILES NOT
L, USED IN THE REGRESSICN
CO 7CG0 T=1,21
AVDT{I)=0.0
SOCT(1)=0.0
LL=
DG 7C1 J=1,N
IF{J-1SELLLL)) 7G24703,702
7032 Li=Li+1
GC Ta 701
70z AVOT(I)=AVDT(I)+DT(I,J)
7G1 COCNTINUE
AVDTII)=AVDT(I)/{(N-NC)
LL=1
00 764 J=14N
IF{J—ISELL{LL)) . 705,T7064;7T05
£ Teée LL=LL+1
GO . TO 704
705 SDOTUIN=SOCT(I)HIDT(I,J)=AVDT(1))%*(DT(I,J)—AVDT(1))/(N-NC-1)
T04 CONTINUE
SUDT(I)=SQRT(SDDT(I))
700 CONTINUE
IP=N-NC
WRITE (6,707) IP
167 FORMAT(YISTATISTICS GF THE THICKNESS FRRORS FOR THE ®*,12,* PROFILE

15 NOT USED IN THE REGRESSICN.®///T8.* PRESSURE THICKNESS ERROR
2SY/T8s " INTERVAL MEAN SebDat i) '
DO710 11421

J=2%1~-1

K=IHT(J)

M=IAT(J+1)

WRITE(G.711) SPLI{M)+SPL(K)+AVDT(1),SDET(I)
711l FURMATITOyFSele '~ yFaasl19T21,FT7039T32yF73)
710 CONTIMUE

STOP

END




#

SUBRUUTINE DATA
RETURN
END
SUBRCUTINE STCUT (NSTEP,ANSyLsBeSyTHNSTOP)
DIMENSION NSTEP(L)9ANSEL)oLE1)s8(1)sS(L)yT(1)
IF(HSTOP(4)=NSTEP(Z2)) 50451451
5¢ GO TG 55
51 IF(NSTEP(4)=4) 52,53,53
52 GO TO 55
52 IF(ANS(2)=0.C1lC) 54455455
L NSTOP=1
GO TO 43
5% NSTOP=C
43 RETUKRN
END

SUBRCUTINE GAUSS(IXySsAM,V)
A=0,0
DO 50 I=1,12
CALL RANDU(IXsIY,Y)
EXETY
50 A=A+Y .
V=(A=6.0)%S+A
RETURN . : ; - ST
END ) R

SUBRCUTTINE RANDULIX,TY,YFL) - : et
IY=1X%65539 _ ! ; ' e ey
L IR (IY)54646 0y i Bl S
5 IYSIY+Z14T48264T+1
SRR e e ; o
. YFL=YFL*.4656613E-9 /
~ END & e e e o PR et




21 £

LS

Oy

< -
A2-1
APPEIDIX 2
QRTHK=====- DIRECT THICKNESS RE b( SSION
DIMENSION XSAR(CT)Y ST T)ZDUT7)yBUT) o TUT)HIDX(T) s LAT) s TSLEST(Z21 945)
DIMENSTUN TITLE(Z094%8) 4RAD(644R),T 19( 50945) 9 CC(T950) 9y CHN(S)
DIMENSION TSLE22,48 l,Ix(ﬂg),qr (< )1 (13 ) X(332¢8)
DIMLIRNSTON RX(&43),R(2 ),”‘\T P(S) g ANSILY) o ISEL(48),ICXF(T7422)4ASE(C)
DIMENSTON RLUT(22),IHT (4% )17T("1 &)
JIMENSION AVDT(21),S ,‘_"(21)
L‘,:-:j.l".'))‘_‘.f_-":
2=16433793
DATA C;il‘l/bt)go(),r‘."j.‘{)\),leo),j‘lor’, 3730096300/
DATA ASU/LeT5906T90035400424900%090613/
DATA SPL/1GH ° 1 700095000 gdleligFdelig2ie i elE 110659767950 980 7930tiy
1200910313 0609506e790635802%1062906290e159061/
DATA TA/12014916,20T4316,2092292%925927928930932523935¢379399409410%
13045467/
')\T;’ [‘1]’/;,_},‘3,},1,.),,.,'1_ 1“11‘:‘!].!2';:9:'.,'713,’275 ’4,';").yl’;1:'/.21";)12"3?,
311546919 1::93”‘_)‘,_:)'_Lﬁ,li‘.)j:’yj._yi)'3_’)-9;.»;‘9 £922419/
1 L.m.'.!‘T(:I 59212)
3 FORMAT (& THINUMBER OF PRIGFILES REAC I'\::osooaeooaooaooeaoo’I:)
3 FORMAT (4THONUMBFRR OF PROFILES USED IN THE RKEGRESSIONoceooelS)

:'.O EL.(JQ"/'L'!‘T (1"'7H’:)“I‘U\4f.g":.(“‘ ]; V-""I/«E‘LES‘......!..oa.oaocoooo ooo.oaI )

i FORMAT(YOVARIABLES USED IN THE REGRESSION' 37 sT1Q9'J--INDEFENDENT V
1ARTABLE 1==FORCED INDZPENDENT VARTABLE 2==DELETED VARIABLE
2 3--DEPENDENT VARTABLFE',/,T10,'PRESSYURE INTERVAL SSUl S5U2
2 S543 3SU1L BSVz BESUZ THICKNESS?/)

27 FORMAT(IHD ' % 2SI THER THE MATRIX IS5 SINGULAR, Ok THE RESIDUAL SUH
1 DF SQUARES IS N GAT!V* [MPLYING EXTREME ILL CONGITICON.'y/, SEECE
ZTION IGNORE ‘)07‘ )

21 FORMAT(IHOD, " 1,169 OBSERVATIONS ARE T30 FEW TO ALLOW PARAMETER
1- CSTIMATION ndr’olgv' VAhI \BLESs JOB TERMINATED. ¥itRa 1)

233 FORMAT(27A4)

204 F]Q‘fT(Cf5-1)

220 FORMAT(*OTEM ATURE PRNOFILES AND RADIANCESe IN THIS PROGRAM THE T
lHICKW' SES H“‘hf A TH STANDQ?D LtVLl‘ ARE REGRESSED AGAINST THE R

ADIANCEY, /o' EQUIVALENT TEMPERATURESs REGRESSIAN COEFFICIENTS ARE
:Cﬁ|CUL\T: FROM THEe STARHED PRJFIL.S ONLYos - THESE ARE THEN USED T0

GRETRIEVEY /o0 ALL THE PROFILES SUBMITTED S'////T18,TEMPERATURE PRO
LETILEYyTO6 ) *RADIANCES®/ /790, S5V SSuU SSU BSU 8SU aSYt)

221 FORMAT(I3427A64T37,6F6,))

240 FORMAT('LREGRESSION CUEFFICIENTS FOR EACH THICKHESS!// TS, tTHICKNE
1853V ,72¢6,'CONSTANT SSU'96X9'55U‘y6X,'SSU'96Xp'BSU',uX,'pSU'yhX,'B
25U1/) :

READ (35483) AST,Z, (u(I),I~‘, 30)

63 FORMAT (20A1)

READ IN CONTROL DATA

READ (5,1) NyNCyM, INQISE
20 80 I=1,4N

80 ISEL (1920
REAU(S,@O#)((IDXF(I'J),I=1,7),J=1121)

404 FORMAT(LO(I2,611))

READ(S 944 ) (ISELIT)I=1,4NC)
44 FORMAT(2513) .



.

o 04
605
606

€01
635

WRITE (¢43) N
WRITE (\‘),9) NC
WRITE (5,10) M
WABITE (6412)
00 &0 I=1,21
J=2% -1
K=IHT(J)
MM=THT(J+1)
WRITE (Lol’)(SPL”‘ZN)1SPL(K)1(IDXF(IJ,I),IJ=11M))
FORMAT(TIZ yFE51,'=1,54,),71F)
CCNT INUE
IF (MC-11=T) 101,101,102
WRITE (6421) NC,#
STOP
M=M=
PEAD IN THE PROFILES
LU 202 J=1,N
FEAD(S,202)(TITLE(IJ)yI=1,22)
Qcﬁt(-y;O‘?)(DA (I)J),I ..y"N)
CONTINJE
READCILYCLTEMPLT yd)91=1,457),J=1,N)
ADD N3[Sc 3 THr RADIANCES IF KEQUIRED
IF(INOISE) 632,502,633
CALL INTVAL(A,0)
ITIME=INT(A*1G20.,72)
IS(ITINE/20 =1 TIME/2=(063) 614 y514,605
ITIME=ITIAEZ+1
WRITE(H,.626) ITIME

”

FORMAT('ONOISE 1S AGDED TD THE RADIANCES USING SUBROQUTINE GAUSS. T
1HE SEED IS DERIVED FROM THE TIME AT WHICH THE PROGRAM IS RUN.'

2 SEEC USED=',19)

D0 600 J=1,4N

DD 661 I=1,MN

SND=ASE(])

CALL GAUSSUITIME,SD,060,V)
RAD( I3 J)=RAD(I,J)+V
CINTINUE ;
dQITE(énZZO)




A2-3

3535 CONT INUE

C CALCULATE THE ACTUAL THICKNESSES OF ALL THE PRUrIL‘S
DO 8§01 J=1,N

£ INTERPOLATE TO STANDARD LEVELS(LOGARITHMIC)
20 209 1K=1,22
I3=TA(1IK)

CUZFL=%0 ALOGISPLIIK)+EXP( Q2% FLOAT(IR))/1013.245¢8)
COEF2=Y.0-COEFY
223 TSLUIKyJ)=COEF1XTEMP(IByJ)+COCF2ETEMP(IB+Y4J)
C CALLULATE HcIGHTS A30Ve 100MB
D) 53 I=1,22
IF (1-2) B81ls82;52
531 RLHT(1)=0.,0
G3 TO 53
52 RLHT(I)=RLHT(I=-1)+1,46448" (ALIUG(SPLII-1)/SPLII))) =(TSL(I,J)+TSL(I-
1iyJd))
53 CIONTINUE
53 CUONTINUE
C CALCULATE THT FEQUIREID THICKNESSES
K=0
D3 54 I=1,21
K=K+1
IK=IHT(K)
K=K+1
IL=IHT(K)
SLII 9 J)=RLHET(IK)=-KRLHT(IL)
54 COWNTINUE
301 CONMTINUE ‘
C FOR THF PROFILES NOMINATED TO ENTER THE REGRESSICN X
C PUT RACIANCE EQUIVALENT TEMPLRATUKES INTC X ARRAY '
I1L=0 g < T
DO 2C7 K=1,MN Rss
DI 207 J=1,NC
I1=1T1+)
A=IS5ELLJ)
,X(IL)-FAD(K,I) 3 7 ; e ; e SR O g
207 CONTINUE \ S S
3 G e PERFORM KEGRESSTON Fom EACH THICKNESS 7 e L DS
s DO £02 IK=1,21
206 TL=NCEMN
- DD 208 J=1,NC

T

-ISEL(d)h
XCILA=TSLIIK, 1)




e

.

(@

241
805

507
5C38
5Ub
400

81l

€09

610

403

I=2%K=1

K=NSTZP(4)

DO 231 J=1,K
KK=L(J)
CCUKK+1,IK)=5(J)
CONT INUE

WRITE CUT THE

WRITE (o;’“‘)
DO €05 I=1,21
J=271-1
K=IHT(J)
MUA=THT(J+1)

WRITE (69241) (SPLIMA

FORMAT (T59F5e1,
CUVTINUE

Li=1
DN 500 J=1,M

"'1*401 Tz 2

17F9¢4)

15(J/26.=d/2-Ce3) 826,487698GT

HRITE (%5,803)
FORMAT (1H1)

WRITE (69400 (TITLE(T5Jd)91=1,20)

FIRMAT (0L.MD, cVA%)
WRITF (64811)

FORMAT(1H T8y 'PRESSURE',T24,
TTUALY 3 T37 3 *RETRIEVED , TELZ, "DIFF,',/)
IF (JefQe ISELILL)Y) GO TO. 809

GO T2 810

URITE (6442) AST

LL=LL+1
CONT INUE

PRINT GQUT THE TABLE

DO 430 K=1,21

TSLEST(K,J)=CC(1,K)

DO 403 I=24M

TSLESTAK,J)=TSLEST (K, J)+RAD(I I,J)WGC(I K)

CONT INUE
DT(KyJ)=TSLEST(K

eI K=THT (1)
f '1 = HT(1+))

'J"TSL(KyJ’

*THICKNEESES

)y SPLIK) y(CC(IJgI)y1J=1

OF THICKNESSES

KREGRESSIIN COEFFICIENTS

1aM))

WRITE OUT TH& RESULTS FOR CACH PROFILE

Yyl 9gT8 o INFERVAL® s T25, "

AC




AVDT(T)=AVOT(I)/ (N-NC)

LL=)

DS 734 J=14N

IFtJ~-ISELILL)Y 70547064705
706 LL=LL+1

GJ) TO 70
725 SODTCI)=SNOTCI I+ (LTI J)=AVOTLI} ¥ (DT(L 4 J)Y=AVDT (L} )}/ (N=-NC=1)
704 CONTINUE :

SOHDT(I)=SQRT(SDOT(I))
700 CAONT INUE

IP=M-NC

WRITF (6,727) IP , '
70T FORMAT('JSTATISTICS NF THE THICKMNESS ERRORS FOR THE ',12,' PRNOFILE

1S NOT USED IN THE REGRESSICN.'///T8,% PRESSURE THICKNESS ERRUR
2S5'/T54" INTLRVAL MEAN SeDe'/)

DO 710 I=1,21

J=2v =1

K=IHT(J)

=TT (J+L)

WRITE(A,711) SPL{M)ySPLIK)AVDT(I),SCOT(I)
Tll FORMATI(TEB ) F5el9%="3F4olyT2)9FTe39T329FTe3)
710 CONTINUE

5TOP

&ND %




