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Table 1. NOAA/AVHRR data using in this study

Satellite |

No. Time Day Month Year ! No. Time Day Month Year Satellite
(GMT) f (GMT) N

1 10:00 30  Jul 1981 NOAA-6: 10 06:31 21 Jun. 1984 NOAA-7

2 18:48 03 Jul. 1982 NOAA-7 i 11 18:34 09 Jul » -

3 05:06 10 Oct. » , ' 12 05:57 10 Jul - .

4 05:32 12 May 1983 » 13 06:00 21  Sep. » »

5 05:02 31 May ” ” 14 18:25 21 Sep. ” ”

6 04:15 04  Jun » » 15 05:48 22 Sep. » -

7 05:15 02  Jul. » » 16 18:13 22 Sep. » »

8  23:30 12  Aug »  NOAA-8 17  18:28 07  Oct. ” »

9 22:07 22 Sep. » » 18 05:51 08  Oct. » »

19 18:22 09  Nov. » »
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Photo 1. Visible image received: NOAA/
AVHRR (Ch. 1)-4 June, 1983.



BTH-ER-f-EFH: [REECILIXEROHEE 323

R,

Photo 1 Ti%, A+~ 7%, BE, KE, MEDOWL
EHECECER RO RS, BEYE T, HWEXD
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213, HEREE CRET Lo N EWEBETHLZ &
Bbnb, —F, EE¥EEEOHRGE, FERE
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LRFCBREIhCIEERLTVS, 205K, &
BREE—BCRIFCTiobhis, TREGRZFHETE
RWKEDOBE L, BUARRRED o, ¥, WHE

Photo 2. Infrared image received: NOAA/
AVHRR (Ch. 4)-4 June, 1983.

Photo 3. Infrared image processed for cloud
cover: NOAA/AVHRR (Ch. 44
June, 1983.
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. KsTs—KyTs
Ts= K=K,

= 02824 T,—184Ts {2)
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Ts: Ch. 5 oEERE (K), K;=0.093,
K5=0.144 : WIS H R

® Strong and McClain DHER,

Strong and McClain (1984) BREF L #E R T,
SRR E T AT oA S VT T -2 AT LEER
ErGHBE LAY, BRREOEMECEBELLRT
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T's = 1.0346 T4+ 2.58(T's— T5)—10.06 (3)

16

14

Ts-T4 (K)

Fig. 1. Relationship between (T's-T%) and (T4-T5)
calculated by LOWTRAN 6.
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%TH5HH Ch. 4, Ch. 5 DEEHEERHE L, =D
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b, ROEERLG .

T's—Ty= 2.67(Ty—T5)—589 (4)
TOVIalb—vaviRXAHAHEERZED rms (root
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Fig. 2. Zenith angle versus constants of the
regression line,
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Table 2. Comparisons of sea temperatures estimated by various methods
of atmospheric correction
Time Measured Sea Estimated Sea Temperature (°C)

No. (JST) Day Month Year ‘Temperature 12 3 4 5 6 7
13 15 21 Sep 1984 20.4 22.0 21,9 198 204 146 138
14 03 22 Sep. ”» 20.2 21.1 222 193 203 146 137
15 15 22 Sep. » 204 21.4 233 198 206 148 1338
16 03 23 Sep. ” 20.0 21.5 22.3 188 195 137 133
17 03 08 Oct. » 16.5 11.6 11.7 9.2 9.1 3.6 31
18 15 08 Oct. ” 16.6 16.1 166 157 162 105 9.6
19 03 10 Nov ” 125 12.3 12.3 11.0 115 6.0 54

Bias (K) 07 14 —10 —03 —60 —68

rms (K) - 0.80 1.15 032 041 034 022

Kk o> ChlfEDENFE R (Ts—Ti=A(1y—Te)+B) %
Kdte, BMRREMAC L5 HRBOELE, Fig. 2rRT,
R A Wk sec 6 EBUBRRIC B B 0%, FRE B 2L Tt
HRELBREAS R o, BRI A % secd D 1 kB
e LTEDLL, FHBRFEHEY & - T, KROHEFENX
i,

Ts—"1'y = (0.905 sec 0+1.19) (74— T5)—6.28 (5)

HEERZED rms W RKIEMA & Wk $ 5 ELUA D
FORENL 071 (K) Th o o0
2. BREEER

NOAA/AVHRR #4b 5 — 2 7 fOX & 1F %
ML, FOREAYHE L, HRKHITEORE & 1Lk
ThH®D, KEOTODF — X, FEIhE
TR A R ST R TS S e iR ORE
Lm) &Rl Ute, BREED S LFHKRE D 818 21k
AINE L Te B tdh, SOKED 1 m KB & ¥HmE L
DFEL, AV &%ianéo ZDfER Y Table 2 ik
o T OMERIHBETRERED T oA Vv T F—

ZREHEREDT, x%mm& ® &L @ oiERIFET
THbH, WIFhOKRKHIERE CrHE Uik & el
DWW DEDFEHZEr T, ~A7ABELA
bo Te¥s, 10 7 8 H 3IFOFHEEIFEMME X vEL K
WChBeDn, HELLBRA L, ORI, KR
Ezilill'iiz,lmi%ﬁﬁ%ﬁn‘o 0.99 km Ui CTuinunfe®d, b
FTOTINLE S R OFRFEC & o TEEHICHTS » Ao fedd CThH
5EHE2 Bﬂhbo

E OHITE R pN GRS O M2 b T e 8L 2
PEEL D, SRTMIEE CoHE L BmiEE e
A TABERB LD, HED rms RFHE LI,

9,

2ODF ¢ vEARERLLHEE (@O~®) 11, 120D
F o VEARGHL TV B GMSHIEE (O~®) X b

THEPE G, B, BHEXKEAZZBELLO
LOW'l RAN 6 i L 2 H#EER 2 DHEE B #43, tms 2%
0.22(K) &> KIS L v RT3, 5, @0
TOVS KRG 7 7 4 Ak ER L GMS #IE R, #
THEI R b K & h o, TOVS kX#EE 7 » 4 Lic &

BUEATONTE T 24 Vv v T X B WKL
2.24 1.38
1.92
1.93
Lgs| 23 | 220 | 173
(1.44) )
PN\ R 1.83
o3y 234] 23] (198
- 2.85
2 3g] 184 2.07 8
235 218 {
} , L 2.19
)lgn_ 227 2.85) 1.97 (1.93)
2,32 : | =
(1.82) ‘ 1.91 2.10
vop 222 T 19 2N - I
U D /258 z.3iz
D . Lok -
9141217 202 .
/b‘ T o3 2.29
Ao 266
0300 207 [2.07 ,
) 186
2.47——J“"“)8 L7 il
245 248 233
1.79 1.84 1.85
Fig. 3. Distribution of precipitable water

calculated from TOVS data.

Values in brackets are data from
radiosonde.
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o—fF] (1983455 F 12 H) %, Fig. 3 Wik, Fig 3
OBD L 3, TOVS KER7 » 4 ik, WK%
BRHEET BRI - f,

HHE, b o lEEs S B L O EHm TR & ik
TELERD B,
TREOXRGHMIE T X o T LR g %
AMeDAS i &I L, 1R, HBIHREK, ERHEE
D rms HEME L, DS %Y Table 3 ik,
GMS #iEXE FV iz 3 o0 gEod T, @ @ 3K
O EXKBEYHER LD DXL TR TH -1,
D@ EAOD 2T ¢ vEAREEROMIIE, KEMN
24PN

DED X, BB L TRELHEETH E, K
SEIER W X 2 HIHRE OHERED X 5 hEIRLR
el fo ot $E-C, BURE T, SdR#EEcRIETk
KHEOREDHE, b Thb Lt b,

Table 3. Accuracy of air temperatures
eatimated by various methods
of atmospheric correction

rms (K)
All day Day Night

Method of Atmospheric
correction

1 GMS Correction 1.97 190 2.09

2 GMS Correction using
P.W. for 3 points

3 GMS Correction using
TOVS data

4 Prabhakara’s Equation 192 18 2.01
5 Strong and McClain’s

1.97 190 209

198 191 209

1.92  1.87 200

Equation
6 Equation by Lowtran « .
6-(1) 1.92 1.87  2.00
7 Equation by Lowtran . .
642, 192 187 201
V. #RE#HE

SR & HREIREE OB R, 2 < OHGE - B % -
RREFNRTFICEEIN D, SENTHITY - AT
DHEHFEH LT, i &HEmREOBFR L,
1. SERBCHITIEOHE

NOAA/AVHRR R4V Hi % 75 &, ¥ EBEHOM
Ehle b RERREENL RO B 2 &% v, Hi,
NOAA 7 OBHIRZ] (19 02:30 & 14:30) 13, 1 HT
B L BEDOREREIK FVIEZTH B, e 14 30 Gk
Pt 2NE X VIR T, BEAFEET LA TH B, D
X 5 ICIREET Tk, WA DI OSRAMIERRE L 0 b

M &L 725 2 ERTFEING, Wy BlE
B o SIRRLY & SR LLis A A%, WM A T~
oo Tok, KEHTESE, @ LOWTRANG I X 5 Hi
FER2RMH L1,

2. KBEEICHTIHNE HEMNEFORE

SR T R OBISRIT, B4 Al - ERIR T
DEHRFT B EE2DLRD, BOFBLED AR
W - BB BE LT, R ETRBOSRM
Eh ARSI, Wi EGRE2ELTRT LT AHE
M EE 2T Table 4 @ No. 255 20 iR THE&5HE
Lic, Hi5 — 213, ELMEERRAT O B - BE R A
v VAT - 2R L, TOF— XDHALR » v
2, WIx1km?OKREXTHD, HBMFTELET 2
Y ¥V aBH Ay v EIES, BRER, Py va
W@ﬁwyﬁﬁ EOXTHL, WHEEL RdIv
W E COBR (km) off, MEKEOEEZET S
%, KPP, AARE, A&— 2 7 s i b
{ER Ui, Table 4 iwis\ T, PSR, b, FEED

Table 4. Geographical factors as Predictor
Variable for using temperature

estimation
No. Predictor Variable
1 TS Surface Temperature
2 ROO Undulation of Land
3 I Longitude
4 J Latitude
5 DIS1 Distance from P. Ocean
6 DIS 2 Distance from Japan. Sea
7 DIS 3 Distance from Okhotsk. Sea
8 DISO Distance from near Sea
9 ZB(5) Mean Height
10 ZB(20) Mean Height
11 RL(5) Land Ratio
12 RL(20) Land Ratio
13 RD(5) Diff. of Altitude
14 RD(20) Diff. of Altitude
15 EX(5, 0) Open Ratio
16 EX(5, 50) Open Ratio
17 EX (5, 100) Open Ratio
18 EX (20, 0) Open Ratio
19 EX (20, 50) Open Ratio
20 EX(20, 100) Open Ratio
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Table 5. Comparisons of correlation and root mean square between
some calculations for air temperature estimation
. Correlation Correlation Multiple
No. Time Day Month  Year (All Data) 'MS <Dlat1a fgr) rms (I:Qegrelsstlfm rms
nlan orrelation
2 04 04 Jul. 1982 0.61 1.48 0.56 1.44 0.65 1.43
3 14 10 Oct. 1982 0.63 1.21 0.63 1.17 0.84 0.85
4 15 12 May 1983 0.84 2.24 0.70 1.78 0.93 1.56
5 14 31 May ”» 0.72 2.86 0.63 2.44 0.91 1.74
6 13 04 Jun. » 0.45 2.69 0.40 2.09 0.87 1.50
7 14 02 Jul. » 0.756 2.20 0.63 1.99 0.87 1.61
10 16 21 Jun. 1984 0.65 1.64 0.60 1.39 0.87 1.05
11 04 10 Jul. »” 0.63 2.24 0.82 1.54 0.86 1.48
12 15 10 Jul. ” 0.63 2.13 0.46 1.83 0.91 1.16
13 15 21 Sep. ” 0.64 1.20 0.74 0.98 0.76 1.01
14 03 22 Sep. ” 0.59 1.93 0.26 1.85 0.76 1.56
15 15 22 Sep. » 0.75 1.54 0.81 1.38 0.91 0.95
16 03 23 Sep. ” 0.68 2.44 0.64 2.30 0.77 2.13
17 03 08 Oct. » 0.77 1.82 0.68 1.24 0.89 1.31
18 15 08 Oct. ” 0.53 0.98 0.62 0.86 0.83 0.66
Mean 1.92 1.64 1.37
(5), (20) OFEL, Fhr v > 2 HBLEAFIIZERE 3. BRLEER

N5 FLT20 4 9 Y2 BET, Ticbb 1Ix11km? ¥
ol Al x4l km? DfEERFH Lz &R LTV %, F
YRRy, 11x11km? 35 X OF 41 x 41 km? o e 8
Thh, PEERT, 11x11 km? 35 X 08 41 x 41 km? Ric b
HAHEWMOERE TH S, BT, 1Ix11km2 B LT
A1 x AL km2 HDFEEPBLA v v 2 DEFERE T H b,
B 12 11x 11 km2 B L 041 x4l km2 PN O Ar b A »
v2X500,50, 100m L EFHL AAVEBEETH D,

Table 4 % (5, 0), (20, 50) 7¢ EOBAETRL TV B,
Table 4 Z7R3 19 DHFD 3 %, BOFELFI>TH
TR LB Ch n, BREHOEM S 2E
bTRTFCE D, Th, EEELBRER, IIEER
WSS A EFOPBOZT IR TE2ELTHT ThH L.
ATHERE T~ 200t B U E T IR E & Table 4
DY - HBPNT 2R E L, BERECL -
TEEXHETHRAER L, ERRE O HE
ik, @LOWTRAN 6z L a#EER 2 R A LI, At
20 DHPEELFFORE VAT R HIRT 52
F oy VA REEFEEER Ui, SUAEROEREE
i, ERER 1Y L LT

fENTAE R %, Table 5 /R, AMeDAS D284
(162 110) 20 & W O B S A BR\ TR A, BRHEETRZE O
rms (3, L92(K) 28 L64(K) mid Lz, SO i,
R B 5 SR & ERTERE OBIHRE, W&
BB ERRLT D, AT v 7V 4 XERF L5
EEHEERED rms 12 1.57 (K) C, £5F - 28X O
BERLSF -2 AV CBERC LR I D, HBER
i hdEEIh T35,

SRS TR O~ %, Table 6 a7+, BE®
& 0 SRT 2N %, W - HEBEREE K E L
T EHbnD, BERFERORMC LABEOM LY, &
WOSHKED ol HABRDOF T, HEmERL
SR, PEEEANEIR SR AMER S o, K
W, R, BIRENS GRIRZ R, 240, o
}%ﬁ?ﬁéﬁ;j‘\'%ﬂ‘ > '/'Co

VI. E ¥

[EMBFN T — 20O QMEHET 5 Tedic, ED
Brds, RSEIE, MERERE & KIROBIHRE SeonT
L B Iy

LDERINE, RO X 5 I HEREE T 7,
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Table 6. Predictor Variables selected in multiple regression analysis
Predictor Variable
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 &t
2 O O 2
3 O O O O O O 6
4 O O O O O O 6
5 O O o O O O 6
6 O O O O O 5
7 O O O O O O 6
10 O O O O O O 6
11 O O O o O O 6
12 O O O o 0O O O 7
13 O O O O O 0O 6
14 O O O @ 4
15 O O O O O o O O 8
16 O O O O 4
17 o O O O O O O O o O 10
18 O O O o O O O 8
Zt 4 3 5 6 5 6 7 9 1 2 2 7 7 1 0 5 4 3 2 90

@® AVHRR/Ch. 4 OSfERENRAME X VK1 h
i 2,
® AVHRR/Ch. 1 oSRARAHE L D RE T R
i 2,
® H#7y FAD Ch 4 OMEREOCRE, &K
DENRFE X b R ETE, =,
@ BETH800% Ty D536 L AR
Thiut, FoH7 ey MIFEMERBEE TS,
T & FAOTHOERE AT, HER < E2 W
L7z,
TRHEOKGHTER X > THERTR o, 0k
B, FHD2o00F » v AL BV L RKAIEE R, B
F o VAAE X DEENE o, L L, {EEEbR
TWie kb B RIRAOKEYBET 2RIz L
<, KEMIC L - THREZE 2w LOWTRAN 6 i©
IBHEER 2R DBER S RKMENRTE L, 1,
WEEEE S EREC & - TRBEHEETEE, X
SANEOTEE X 5 EOZE XTI TH -,
ANLBREF -2 0bRREHET 500, HERIRE
Ot 19 O - B IRTFE AT » 77 A XE [\
X o CHEREIR U, TORE, daig, Eeaes
FRIWBPENE D 5T BT, M, DIREMNS
CERENT,

ZOWENTC X 5 BAAN IS KIRHEERE 3, ERHEE
D rms 2 1.37(K) Th 7,

LS, FIVIF M A—AF g (e, WBIHRES
— &) RREIWLERHEET o LT, $ED
FERETT A LERD B,
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Summary

Shelter height temperature was estimated using
NOAA/AVHRR infrared channels and its accure{cy
was studied. Analyses were performed for three
subjects—cloud screening, atmospheric correction,
and shelter height temperature estimation.

To delete cloud covered areas from the image,
both visible (Ch. 1) and infrared (Ch.

were used. In general, the accuracy of screening

4) channels

was satisfactory except for some nighttime data,
Also clouds

over some coastal areas and some highlands were

when the visible channel was useless.

difficult to distinguish.

Seven different equations for atmospheric cor-
rection were applied. The equations using two
different AVHRR infrared channels (Ch. 4 and
Ch. 5) were more accurate than those using a
single channel (Ch. 4).

using two channels has been said to correct atmos-

Although the equation

pheric error by satellite-zenith angle, the use of
this term is required for calculation of more ac-
curate surface temperatures. The ground surface
temperatures calculated by the seven different
equations were compared with AMeDAS air tem-

perature. The accuracy of estimated shelter height
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temperature using the regression equation between
the surface temperature and AMeDAS air tem-
perature was 1.93(K) and approximately indepen-
dent of the type of atmospheric correction.

The relationship between shelter height tem-
perature and various factors was studied using
stepwise-multiple-regression analysis. Surface tem-
peratures calculated from NOAA/AVHRR data
and 19 geographical parameters were employed as

independent variables. The accuracy of the esti-
mated temperature became 1.37 (K). The following
parameters were selected frequently in multiple-
regression equations: distance from coast line,
altitude difference between the center and the
highest point of the square area, latitude, and
degree of openness. It can be recognized that the
relation between surface temperature and shelter

height temperature is greatly effected by oceans.



