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Development of TOVS Processing System
Based on a Physical Method in MSC
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Abstract

A retrieval algorithm based on a physical method is developed for operational TOVS system
in MSC. The new algorithm is based on @ establishment of the category which is not suffered
by cloud contamination, @ the physical method which includes spectroscopic parameter explicit-
ly, @ the optimal estimation formula for the inversion of the meteolorogical parameters such
as temperature and dew point temperature, @ the 12h forecast from the numerical prediction as
the first guess. The forecast value is also used for the calculation of the weighting function and
the sensitivity functions associated with the meteorological parameters.

The results of the comparison with sonde observations show that the RMS error of the
temperature retrievals is improved to 1.5K which is the same order to the forecasting. The bias
error of new method is lesser than both that of forecasting and that of operational retrieval. As
for the dew point temperature, the absolute value of the bias error is about 2K, and the RMS
error is about 5K.

The images of the operational processing for a case study show that the errors, which is
caused by the instability of the regression coefficients, appear occasionally. This error is large
near the edges of the scan.

The new algorithm solves these problems and express the surface temperature rather
reasonably. The image of the dew point depression derived from the new algorithm shows larger

contrast between dry area and wet area than initial field.
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Table 1 General compornents of vertical sounding retrieval algorithm.
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Table 2 Summary of major system for TOVS processing.
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Table 3 The comparison between physical method and statisical method.
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Fig.1 General flow of improved TOVS processing system in MSC.
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Fig.3 An illustration of k-distribution method
Fig.4 Structure of atmospheric transmittance database.
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ZBESS, 0.995L0 > & %131.000, 0.005F
DL E1F0.000= A%5F,
BMEDTI R, 1>508EHFHicxtL T,
AVHRRCh.4, HIRSCh.1~174 T DMERE O
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3. 2,

Table 4  The estimates the effect of solar radiance, where we

assumed the sun at zenith, no abs
reflectivity of 1(emissivity is 0)

orbing gas, ground re-
and Lambert reflection.

— TR Adam
B (um) (e ) TBB(K)
- =

4.5 2222 279

5.0 2000 252

10.0 1000 129
- 19
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3. 3. 1 SRHSCEHERHOBENEER
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Table 5 Example of sample of collocation data of rawin sonde and HIRS
channels which sound the middle and lower level of clear atmosphere.
Observation time is 06UT.

BT 1990 9/4 10 19 20 27 30 10/1 8 &5t
BLRIF £ 6 7 8 12 5 5 8 7 58
R 21 24 37 37 18 20 20 24 201
Table 6 Example of sample of collocation data of rawin sonde, rocket sonde

and HIRS channels which sound the stratsphere. Observation time is 06

UT.
1990 FEB MAR APR MAY JUN JUL SEP

Bft 21 28 21 11 18 25 10 16 23 20 28 11 25 5 f&&t
T— 8 1 5 1 3 2 4 5 2 4 4 6 4 2 4 52
Fig.5 Method of the estimation of lower vertical Fig.6 The same as in Fig.5 except stage 2.
profile initial value at stage 1.
(hPa) (hPa)
850 f--- ooy 850
1000 1000
Tdl
" Ps Ps
T1 T3 T2 T3 T
EFNV1 EFN3 EFN3 53 2Tyl
K BER B A
E B E B

R OB R
E® KRB
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3. 3. 3 RMEEREMEICHTIMIRMGENE

BENER

HEBR LM ENE Y FF—21%, 0UT 12
UT 0BRHE » @ 2HARFCHANBEL TV, &
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HBEENKE L, V77— ONREIIE 2B
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BAR{HE#06UT, 18UT # i Bfll+ 3 @R T, =0
HEZOEELBNHEORRICEA L X2 Rz,
ZIT, N T AFE, v R EETHE
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EF200EFVREEEST 2 (Fig.5),
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B2 VA,
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ORI, BEOMBEIGEBEET 5,

T(1000hPa) = T1(1000hPa)
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T3(Ps) = {)1 (1(1)03(})1Pa) + {T(1000hPa) —T(850hPa)} «

S

1000—850
Td(1000hPa) = min{Td(1000nPa), T(1000hPa))

Td3(Ps) = min(Td(Ps), T3(Ps))
72720, TADTA2X h KEWBHE, EF LS 2

D850hPa DREE S S ICHEBRELHEL (HEE T

WZ, RTE, BEOBERT> (Fig.6), BIE
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DOHEEEETAS, TARHET 2, CORBE L
AVHRR OFSMEERE TA BT, kD £ 5 125¢
DRI, BROMESFHEBET 2,

T(Ps) = T3(Ps) + {T4(Ps)—T3(Ps)} H

Td(Ps) = min(Td3(Ps), T(Ps))
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brOYYFOWNBETIRRL, ZOBEL L-#E
SEEERT 2, 3. 6 M TR BEMEHOKE
b, BUETHRET A TR LR, ZRINEL 7288
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3. 3. 4 VSFF—IHLRR BENSALA

LWL RIS D ZIBE DN

Ory b rFEDanr—ya vy F—ryR—2%
#S L &iZidlhPa DREE THRECE LA TWL S
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NEBARENBONTVARKEEDBADESH
WTRE (REOHNE) CHREMNEL THEOBOE
rREE*52 2,

5 BREBMOTEREIZO>WT
BE/BE/ary baur—y 3 F—5DNA4 T

3. 3.

Table 7 Bias error and RMS error between the brightness temperature calculated from

rocket sonde and those observed by HIRS.

oy bV YFRE EAT (N4 7R) o A T(RMS)
Ch.1 Ch.2 Ch.3 Ch.l Ch.2 Ch.3
T (1hPa) —2.39 —2.36 —2.30 1.963 0.808 0.606
T (2hPa) 0.00 —1.32 —1.59 1.955 0.772 0.712
{(T1hPa) +T(2hPa) }/2 —1.19 —1.83 —1.94 1.3489 0.675 0.609

—-50—
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AEE (HIRSCh.1~3) BWT, B EBORESK
DIBEDITRELC, HEEREHEE & BHME L i
L7z,

1. T(17) = T(1hPa)

2. T(7) = T(2hPa)

3. T(7) = {T(1hPa)+T(2hPa)}/2

ZOFER, Table 70O & 5 /34 7 A= ¥ RMS 3
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“ I EEREARTOME

a, B, v FIEFREK

ToBso CEESAMEERE (BREE
BEOaayr—yaryy—%
R— A )

o ERXFEARZONE (KE

BREOEHED 2y —v 3
VT = N A )
HEFRB a, 8, vy BBR/IHEEEHAWTRET 5,
FEREDO—HF% Table 8IZR T, ZDHE A 7 R
DRAER, 3. 3. 1 TANLEBRHDS B, HHEED
BEELBHETVOBRERLIZ D EEZ SN,
HHIZOWTRSBROREBLETH 3,

8 FrRIMHIBITIIHHE

KAy —yvarF—FRZOWTHENA 7 A %%
RLUTHELT, B8ORS/ 1 7 ABIER
HEEERE L SAEEREOZOHIHITII RHE
L, RESMEHRBOERRRCERT 2, 20175
BEFr U ANVOEERERIORE (BE) &R
LTBY, BEl A XOESETHI L bFETNZ, £
SEATHIOBERIKRORTHES NS, {HIBITFID
—f#% Table 92T,

3. 3.

Table 8 Example of parameters to be used in the correction of calculated radiance for

observation time 06UT.

Fr AN 1 2 3 4 5 6 7 8

a 0.58 0.02 0.14 0.15 0.12 0.11 0.11 0.10

ToBsso 229.67 218.62 217.55 232.70 248.43 259.15 272.48 293.86

B —4.29 0.25 0.34 0.20 0.56 0.40 1.10 —0.05

Mo 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18

y 0.52 —0.90 —1.38 0.34 —0.45 0.01 0.04 0.28
Frorn 9 10 11 12 13 14 15 16 17

a 0.44 0.15 0.49 0.62 0.06 0.08 0.12 0.33 0.19
Tosso 272.66 286.77 260.53 243.38 278.13 267.88 249.78 230.67 291.83
B 4.40 1.57 6.84 7.59 —1.45 —0.36 1.27 5.60 —3.31
Mo 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18
1% 4.97 —0.16 2.45 2.62 —2.72 —1.81 —4.75 —2.35 —4.05
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Table 9 Example of the covariance matrix between channels of HIRS for observation time 06UT. Diagonal
elements are the variance and non-diagonal elements are the correlation. The elements which do not

appear on this are zero.

4 105

5 071 090

6 .048 -094 .132

7 —.012 .055 .102 169

8 —.005 .008 .020 .043 021

9 .116 .013 —.061 —.176 —.051 478

10 .045 .048 125 213 .061 —.255 317
11 .014 .108 .155 .246
12 148 .081 .006 —.050 —.024 122 —.138
13 .033 011 —.006 —.043 —.006 102 —.070
14 .029 024 .014 —.008 —.001 049 —.028
15 .049 .048 .040 .011 —.001 .061 —.005
16 .082 .066 .045 —.010 —.003 .109  —.016

.980
.422 -769

—.091 .019 .066
—.025 .013 1040 037

.050 .060 027 030 .058
067 .118 .020 .021 .037 170

17 048 —.041 —.082 —.174 ~-.038 323 —.215 —.236 .068 -139 .042 .018 .039 .533

4 5 6 7 8 9 10
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1. YBEOREE (Sx)
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Tdi(j = 1,191 =j+17)
£i(J=12i=j+21
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| AXKi—Xu) 2= Xi=Ti(G=1,16;i=j)
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(Table 10),
E3DDEREE LY ISAE S YIHAEHERETINIE

Sx = (Sx17'+Sx27 14+ Sx3t ) 1

THESh D,

Table 10 Summary of parameter to be used for the calculation of
correlation matrix of the error in the initial vertical profile.
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tRCRER2LOF v U ALBTRBOGBEHBHER
ENeD, BHBEORKELEORELEL 2FDOME
b ol, TOMERMEET 3 7-HIZ, Rotated
regression ¥ D FHE B/ E E L Tw % (Crosby,
1989),

By AT AT, REOERIEBLT, 2TOEHK
T AR E—HBIRDED TR, EF v 2
NOGEREEBR L2 LT, BB L THER
TEF AN DL UOIEEL, BHEAEEED
L3 5TWw3, 65T, 75 ASXA T +Sy Dk
TEREEHS v AVEICEL S BITHHEDOBROR
EEMNHTE, FHEREHNCL 25,

EBBOERF v > ANV D—K% Table 11IZR T,
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Table 11 Diagram of HIRS channels to be used for the calculation of sensitivity
matrix and the retrieval of vertical profile and emissivity. Each number

denotes as follows:

0 . the channel which is not used for the calculation of the sensitivity
matrix.
1,2,3,4 : the channel for the calculation of the sensitivity matrix,
1,2,3  © the channel for the retrieval in clear region,
2,3 . the channel for the retrieval in lower cloud region,
3 . the channel for the retrieval in stratsphere.
V& F ¥ AN
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
KR
1 0 0 0 0 0 0 0 1 4 4 0 0 4 4 0 0 4
2 o 6 0 0 0 O O 1 0 4 0 0 4 4 0 0 4
3 0O 0 0 0 0 4 1 1 4 4 4 0 4 4 0 0 4
4 6 0 0 0 4 1 1 4 0 4 4 4 4 4 4 0 0
5 0 0o 0 0 2 2 4 0 0 0 4 4 0 4 4 0 O
6 6 0 0 0 2 2 0 0 0 0 4 4 0 0 4 4 0
7 o 0 0 4 2 0 0 0 0O 0 4 4 0 0 4 4 0
8 0 0o 0 2 2 0 0 0 0 0 4 4 0 0 4 4 0
9 0o 6 2 2 0 0 0 0 0 O 4 4 0 0 0 4 0
10 o 0 2 2 0 0 0 0O 0 0 0 4 0 0 0 4 0
11 6 3 3 4 0 0 0 0 0O 0 0 0 0 0 0 4 0
12 4 3 3 0 0 0 0 O O O O O O O O 4 0O
13 4 3 3 0 0 0 O O O O O O O O 0 4 0
14 3 3 4 0 0 0 0 0 0 0 O 0 0 0 0 4 o0
15 3 3 4 0 0 0 O 0 O O O O O 0 0 4 0
16 3 3 4 0 0 0 O O O O O O O O 0 4 0
17 3 3 4 0 0 0 0O OO 0 O O O O O 4 0
B
1 ¢ 0 0 0 06 0 1 1.0 0 O O O 0 0 0 O
2 o 0 0 0 0 0 1 4 0 1 0 0O O 0 0 0 o0
3 o 0 0 0 0 01 4 0 1 0 0 0 0 0 0 0
4 06 0 0 0 0 0 4 4 0 1 1 0 0 0 0 0 0
5 6 0 0 0 0 O O O O 4 2 4 0 0 0 0 O
6 o 06 0 0 0 0 0 0 0 4 2 2 0 0 0 0 0
7 o 0 o 0 0 O O O O 4 2 2 0 0 0 0 0
8 6 0 0 0 06 0 0 0 0 0 4 2 0 0 0 0 0
9 o 0 06 0 0 0 O 0 O 0 4 2 0 0 0 0 O
10 0O 0 0 0 0 0 0 0 0 4 2 0 0 0 o0 O
S
7] o 0-0 0 0 0 1 1 4 4 0 0 0 0 0 0 O
3 o 0 0 0 0 O O 0 O 0 O 0 4 4 0 0 1

IR o TYHENCERO 2V (BETHIOERL
0 CTH2F v ANV EROTRE, BRE2ENTS L
572) HHREBER Z LN TE S,

3. 4. 6 REHTIT)ORE

BI70 TOVS B TREHABOAL 7TV 2EX
. (AVHRR D), X (AVHRR % L), X
B, LB 4OHE, BE0.Q2LUTOHSRIERE

ELTHMEINTWS, 2D, BEREI T TV
BAFEINBZE 7L LOFIZ LA L DBREEBEEL,
EEHRHEPERRS I CHET 2B E I X 2R oR
ERT—FCBALTCHS, EHEERrR LS 22
DRIFIDBEERBGHEELD, TITHVYAT A
TRESOBRBFAEHOEE2EMT 5201, K
D307 ) CEEREERD S (Fig. 1),

1. B X 5 EE86SLUTOHERCOVTEE
0.05
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Fig.7 Renovation of category for retrieval. Upper part shows the categories of the operational system.

Lower part shows the categories of new system. Double lines denotes cloud and a vertical profile is
retrieved only in the unhatched region.

RITY AT 4] WERE BRI RRERE
10hPa
100hPa i
Pkl sl -
500hPa —_— e
T
surface
£8 <.92 >.92 fEHIR
£ =N BRI TEER B
10hPa
BB
100hPa
bigif el e sl
500hPa
*E TR =
surface i
EE <.05 SEHIR IR
EERE FHIR > 700hPa FEHIR
Table 12 Classification criterion of retrieval categories.
AT Y Ho#E
=g  AVHRR BvNERERE B o x¥
1 EEXE  0.0580TF 2EORE, BN, HWREHE
2 THEEH —— T700hPaXiELVE\  500hPa &V BVWEEOSME, B
3 LEE® —— 100hPa & BV EEDOTE
DR, B, HHREEN DOFEE Y B HEF I D TH00
2. THEEZEH . AVHRR O B/NEEEE 2700hPa hPa LV HBEOTE, BREHE
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H
3. EEES 1, 2 A DFEETI00hPa X D EW
[REEH
IDEIREATIVERET I LLD, ZIF%E
EEBRBETLEBORE, BAIIRE S0,
—~FHFTBECRECELATOAER TR EEBOR
B, BEARDBILBTES, 2L TEOFES
RO RVEETONESMEHLAREIC L 2, &4 7T
TY OHESHEHCHERTE2F ¥ ANV BEOH T
TVCHEETI2EORERZ UV ODAEHEAT
% (Table 12),

3. 5 WMEZHEHATRE

HESMMHEHEORAEE LT, 1)HRPT 7—5%
G5k, 2) HRPT 77— &, ¥+V v —va
¥, 3) AT REERE, 4) FEF—var, ¥
REENT A (HHER, BEERES) HE, X
DONBBHETH 55, IHSITOVTRBTYAT
LEZDEFFEAT 20T, FHHIZ OV T TOVS
TS Y AT ADORER(ZREEL > ¥ —, 1983)
PEBEAALW,

3. 6 MEINHH

3. 6. 1 REBATIVORE

HIRSOE 72 x VAR E I L3 WOEE L
AVHRR DE/MEBEBEZRWTEDH T TV D%
BEFERATLI2ORET S, H¥IZ 3, 4. 528HO
Zk,

3. 6. 2 RESHIBELES BFARTFEEOHN
)

HFEFHIE %L HIRS € 7 L LB I Z2RNE, &
EBRIRFZNCEEENEEL T, SAESARIIE 2R
2, BREOROLLARVEZIL T, 100hPa DE S %
190K E{REL, BEOHLLARNE THENFET 3,
B 50, MFATRMERFENEL 2120 T3t
HEORBOBEERRTERVWDOT, HIRSY 7 &
WVH®D AVHRR Ch. 40 F¥EERE LA WTTE
OYIFERBIET 3 (3. 3IFHEHR), 727L, T
HIEREA 7Y QAL TITS, BRI 3.
3. 6 TCHRELEEHERT S,

3. 6. 3 MESHEHEAMMLY, PE

ZHIRSEZ VDY 7 v VES LEE, BLU
3. 6. 1 THRELLATIY ZHVTERE4S0E
RS EHEL, 2 eV IBEHNET 2,

3. 6. 4 MESHEH

3. 6. 2TEREULLHESFIHHEEZAIELLT,
3. 2. 20A~NODOTALITY ZLH-T, e
A7 AREFSEEERE 2R 2, RCEIEEER
B LB A 7 AMEFSTEEEREOEI, 3. 6.
3. THIHUSRESHEHREE»TEDbY TRE,
B, HHROBERR2HET 5, IhE2HBESHY
HEwmz <, BHERLT 2,

3, 6, 5 SNTE

BHINBESFINLUTUATOF 2 v 7 2175,

1, BHENEESELVRVORBEVIE: DE
»4 KL EDOHE, FRET S,

2. BEDPRBLVRZVBESRBESAZRBOMHER
[0

3. [UBOHEIFH RN EEE 2B 2 1 5E,
EERSMBREER B s OBRICBET 3,

4. HHEER CMENE

4. 1 HEHithml

BTV AT AEFY AT AQEHMEARIZUTORE
HIcE D REER S,

D BRITY A7 LRHESAOET I HIRSAE 7 21
(294 vx2¥27%N) BT, —H, FIYAF
LTI HIRSBE 27 e VBHEAG2EHT 3,
2)BATY AT AT HIRS1IS A > H7z2 D56 7 £
D3 b, EEIRERT52E 7 2L (100hPa & b &\
&), 4827 L (70hPa X DV BWEE) ULhrEHL
BV, —H, FYAFATREE 2 LALTIZDOVT
BT 3,

3) BITY AT ATREAEENKI2% LT 2 5100
hPa IV EVWEEBOHE:2TH 8, FY AT ATR
3. 4. 6 TBRNIATTVEBTEHET DT, X
BTROHEH» R, MHEPEOERRSL %5,
Bl LT3 B LAaoRBilE s 2 EHMA I,
1 DB D EFHS512ETH > 72, % DWRIZHE
KA T TV H1407H (26%), TREEH 7 I )0

_56_
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227518 (41%), FRIBEES 7 2V 581831 (33%) TH
o7, BEYHBC 2~3HHEDZESNHLD, &
HHEIXI2000ERE L 2 2 BETROMME L LT
BRTZ LI CRPRVBEEL THET2 2 L BLE
TH» 5,

2 HHf

19914 3 H17H @ NOAA-110 B##E 12 DV T L
L 7:f5 R % Fig8~Fig. 17 R ¥, MO & EiZ00UT,
12UT OBEFHREIERD 5° X 5" FET — 7 2
EFEARZICNIEL TIER L 2B, GLREARE
FEHSERGEWEYRHEEEZ L OF v 2 LD
HIRS/2Ei{&, A Tid#ahk GRITvA70)ick 28
HER, A TEYEE FHyvA7L) KEI2EHER
ThHb, KREJBERIERL LT, BEsYHEE
BERE R g% 7 88 TRIATHLS,
MEMEIIREAESRE GR 8E, F 88 TR
NTBY, BEORAT—L L —BL TRV LICHE
Ba&hlv, 72, 1000hPa 12 D> TR EHTEDS 2 W
DT, ROV ICFRIEZA VW, UTIEREEAER
BiZbI TENZThOE#METIET 5,

4,

4, 2, TR

1) 1000hPa, 850hPa (Fig.8,9) : ¥k #isikic
N, EBTREETERVWLOO, BRETHIIIT
EERHT O ZYREHBTOR, BSrREEBEIH
BonTwd, Bz, WEE T AVHRRch.4% v
THRBEDOHEL R REMEHICRKBRL T30
T, FER v BBTLCHRCR SN S X5 CKRED
BEESRREINDG, —7, HEHETIZ00UT £12UT
DV v TE R BRI NBEL - ERAVRTHwED
TRIROBEDOHEIRRTE R\, 727201, 850
hPa TH ik D REZREOBEEZNEHEATL
50T, 3. 3. 3THANLTEARKOKBOWES
EEURTILESH 2,

2) 700hPa (Fig.10) : HIRS D #AE 53 FAEELME L 72
®, 700hPa {HEHERKOE -2 28D ch.7H iy
ROEERZITI T3, Lrl, WHEEOKRIIHE
DHEERBRELTHE I EBNb®nb, ¥z, HFEtkC
I ABROBEBHIFEBFRTCIAEEHSRONS, #
et l, YBETRFHEL Y EuEEAGETE
HUTwabBbs I RBRERIBCEShw,

3)500hPa(Fig.11) : WEHE TR A 7 TV RERERE
Licie®, TEESTY RIFCHEL T2, #BTE
LHEY B &, YEEOHSTEKRE, VY BEY,
BN SIBEMNEICE D RSBEHL Twa Z e s
S5,

3)300hPa(Fig.12) : 2DV L TRIEFEROERIC
/A4 ZXBEILD, ~AUWBEOEHIZRIFT, 35°N i@
BOTEERORIKRIN TV S,

4) 100hPa (Fig.13) : HIRS E X BEFHRLEC L %
AREEDER > TWEH, MEEOERCIRVE
BL TR, %72, 100hPa L ED VAL TIRLTO
EZ7XVIEOWTEEL WA Z icEEIAL Y,

2 kER

2T, FEWHER X2 AERBEHOBR
DWBTHRRS,

4, 2,

1) 850hPa (Fig.14) : YEBEL I3 MBATIE IC LR, B85
ERAFHEL T8 Y, BEZE14deg LD s
ERILXK» & FEICHT THE > Tw3, Fig.150
700hPa OEATE L B L TH» 2 X512, EEOA
BEAHMCHEINTHE LBbh 3, HIRS OHE
SEEPMECZ LR IZBEHOBRTH S5, —4A,
BESI I EERFHOBERE L Zhd S MU SR
WCHR-7eHERSER LTS, B, BRETHE
HTE3BEEDOR/IMEIZ2deg BRETH 5,

2)700hPa (Fig.15) : VBB OB LRERIIFEIE : R

BoTw3, Bz, EREICHE S @iEEI3700hPa
TN LT H D, Z DEDHIFHCRIG L TRR
BEL B (BAZE~10deg) BVY VB THU T
%,

3)500hPa(Fig.16) : 2D Vv_ALTiE, EKFEDOFL
fHERERED & B0 2 BEEY SCEXERE, ¥
BURBMHEOERBERSERL TWE, £/, &
SRR REABEOTRRD 2D, £EAOHTKESR
BEH{AEb-o T3,

4) 400hPa (Fig.17) : ESEHLHLR0N -
THUBERESRCRAIhTH 3, BffECH
NEZBEOERICHHE L TW D,
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SIS S1 : 9103 1
Fig.8 Results of temperature retrievals at the level of 1000hPa. The images are initial field (upper left),
raw brightness temperature (upper right), the retrieval with statistical method (lower left) and the
retrieval with physical method (lower right) . The HRRT data used for these retrievals is of NOAA1l
at 06UUT 17. MAR 1991. ..

W o=

Fig.9 The same as in Fig.8 except for 850hPa.
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Iig.11 The same as in Fig.8 except for 500hPa.
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-

Fig.12 The same in Fig.8 except for 300hPa.

Fig.13 The same in Fig.8 except for 100hPa.
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S S103170SUT K B i i

Fig.14 Results of water vapor retrievals at the level of 850hPa. The images are analysis field of dew point
depression (upper left), raw brightness temperature (upper right), the retrieval of precipitable water
with the statistical method (lower left) and the retrieval of dew point depression with the physical
method (lower right) . The scale righthand shows dew point depression The HRPT data used for these
retrievals is of NOAAI11 at 06UT 17 MAR 1991.

RAL TEE
CH.14

i - cmt b
Fig.15 The same as in Fig.14 except for 700hPa.
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Fig.17 The same as in Fig.14 except for 400hPa.
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Fig.18 RMS error and bias error of initial value, retrieval with physical method and statistical method.
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Fig.19 Fraction of the case with improvement in retrievals with physical method via initial profile and
statistical method.
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Fig.20 The same as in Fig.19 except in the case where the error of initial profile is large.
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Fig.21 Lag correlation of HIRS radiance. Abscissa is lag measured by line.
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