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ABSTRACT

With rapid development of modern remote sensing technology, we can gain plenty
of remote sensing data received from many satellite sensors faster than ever. In the
future, the main obstacle of remote sensing applications is not in lack of data sources,
but its ability to extract more useful information from the available remote sensing
data. Retrieval of land surface temperature (LST) is an important aspect of these

applications, and LST is an important research orientation of the remote sensing.

Land surface temperature (LST) is an important factor controlling most physical,
chemical and biological processes of the Earth. Knowledge of LST is necessary for
many environmental studies and management activities of the Earth’s resources. So
far a number of remote sensing systems with one or several thermal bands such as
NOVAA-AVHRR and Terra MODIS have been launched into space to monitor
macro-scale change of land surface temperature. These enable us to obtain timely the
spatial variation of regional even global LST dynamics through remote sensing.
Moreover, the cost for the obtaining is low and the information update is quick.

With advance of remote sensing science, various algorithms for LST retrieval
have been proposed. Different algorithms and methods are based on different
considerations and are suitable for different conditions. However, only one algorithm
on LST retrieval from MODIS data has been published. This algorithm needs to solve
simultaneously the required 14 equations built from consecutive day and night

MODIS images, which makes the algorithm complicated and difficult to operate in
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the real world. With this consideration, one of this research’s objectives is to develop

a much simpler method suitable for MODIS to retrieve LST. The main conclusions of

the study can be summarized as follows:

(1) Planck’s function is an important function in the course of land surface
temperature retrieval. Because the Planck function is complex, linearization is
necessary for algorithm development of LST retrieval. In this research, many
discussions have been done to linearization of Planck’s function. We propose the
following methods for MODIS band 31 and 32: B3;(7)=0.1383473,-31.80148 and
B32(7)=0.11952T3,-26.8045.

(2) Atmospheric transmittance of thermal band is one of the main parameters in of
land surface temperature retrieval. In this research, we analyze the relationship
between atmospheric water vapor content and transmittance in NIR bands, and
develop a method to retrieve water vapor content through NIR band data of the
same MODIS image. Then according to multi-band character of MODIS, we
believe that it is feasible to retrieve the water content from the NIR band of the
same MODIS image. We retrieve the atmospheric water content of Huanbohai
region through MODIS image.

(3) On the summarization of the relationship between the transmittance of TIR and
the atmospheric water content, we build two function expressions between water
content and TIR band 31 and 32 of MODIS. In summer, the relation between
atmosphere water content and transmittance of MODIS band 31 may express:
13=-0.10671w+1.04015, (x is atmosphere water content); for band 32, the
expression is: 13,=-0.12577w+0.99229. In winter, for band 31, the expression is:
13;=-0.1041w+0.92314; for band 32: 13=-0.13722w+0.97686. We use relation
expression of transmittance and TIR in summer to compute the atmosphere
transmittance of MODIS band 31 and 32 in the Huanbohai region through the
atmosphere water content, which is retrieved by using NIR band of the same
MODIS image. The results indicate that this method is available.

(4) After analyzing the method of emissivity estimation of land surface, we think the

emissivity can be estimated through the components of one pixel at the scale of
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MODIS. Vegetation, soil and water are the basic ingredients for MODIS TIR
band image. We get their(vegetation, soil, water) emissivity of MODIS band 31
and 32 through using curve of emissivity provided by ASTER. If we can get the
ratio of three ingredients, we can estimate the land surface emissivity.
Fortunately, the ratio can be obtained by NDVI. We use this method to estimate
the land surface emissivity of Huanbohai region by MODIS image. The results
indicate that this method is available.

(5) Nowadays, there are many algorithms about LST, such as split-window and
mono-window, but they are not derived from MODIS. After analyzing these
algorithms and utilizing the simplification function of Planck function, we
propose a method that can be used to retrieve LST by using MODIS band 31 and
32. In this method, the most important is that we estimate some parameters from
the same image, which is suitable for the MODIS image. We use these two
methods to retrieve the LST of Huanbohai region by using MODIS image and
get the spatial distribution of LST in this region.

(6) Finally, we evaluate the accuracy of the method proposed in the study using
simulation data generated by atmosphere model LOWTRAN. For split-window
algorithm, when real transmittance (the simulation results) is used, average
accuracy of LST retrieval can be high up to 0.46K; when the estimated
transmittance through the equations established in the study, the accuracy is 0.
575K. This indicates that the accuracy of transmittance estimation has great
impacts on the accuracy of LST retrieval. For mono-window algorithm, when
real transmittance is used, the average accuracy of LST retrieval is 0.895K for
band 31 and 1.868K for band 32. The accuracy difference between the two bands
is about 1K. Thus band 31 is better than band 32 for LST retrieval. When the
estimated transmittance is used, the average accuracy is 1.128K for band 31 and
2.065K for band 32. In order to estimate the influence, we conduct sensitivity
analysis of transmittance to LST retrieval. The results indicate that, small
changes of transmittance do not have significant influence on accuracy of LST

retrieval. Nevertheless, if the transmittance and transmittance can be accurately
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estimated, the average accuracy of LST by split-window will be higher than that
by mono-window algorithm. At the same time, it also proves that LST retrieval

by two TIR bands is better than that by only TIR band.

Key words: Bright temperature; LST; Mono-window algorithm; MODIS;
Transfer equation; Split-window algorithm; Multi-band

algorithm
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B [FFE, HUCRAE - ASRAT RN RE D R e A A S b B AR A
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A RE AN K. (EIF RN, MODIS 8 ML /ML EL, ik, se4nl LUl
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(4) MR BIHORS FE 1R 23 BT 00 T

HAR LA 1 by 230 P8 S 3 D7 VR I R OE M k2 5 T A SR AL MODIS #iedls o
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(), DRI, RFX L S 38 7 VR RORS BE AT B0 IE, F o0 i HL T REIR B i 22, T
Sy LI o TR0 W0 A e AT X P G AIE ) e A s, (R ] 5 AR
AN BESEI o ASTRURIE TR 8 o ARSI R BB R HEAT S, JF 4
NAE I 2 AN AR LR S A T 15 2 T R 1 b i 88 B I 72

1. 3 E WS FTIR HEfE

[EAMAL SR L E N 2R W — S ASMGER R, C8F 40 2
R BRI B 52 I 80 AEAR IR [1-2] . BIHANXIE, &
SN T 20 1T MR EE (3]0 REEEN FEX AT & SH T
JIEATR, P n] AT ST g PURK (4] LARST AR, AR S 4
B, SRR B A RN ) B . L B R R R SR A X A —
AN ILLAN B BLIK) Landsat TM/ETM 540 4 H >k 1) 3 2 0k & S it 77 v [5-6] o
Jiménez-Munoz and Sobrino 7E[7]#&H T — ANtk pamiE L. RAARENE
(1122 9 BV Wan and Li £15%F MODTS 78 [8] /R Hiokerry, His R X %R
JE RN b 3 LR S 56 1) R I S, {H T SR 7 S B A REIEAT S

TR R ALLANE I TR IR 2 o X3, BB AREEAE [9] T A4 T MODIS
BRI BAE R Bl 3R S (1 2501 %5 R VAT MODTS. Bedla M o 28
NI, TERR AR AEAE [10] LA 41 T - [a)E O 1R JLART D't 2 A5 TR R 5 5 388 SR 1)
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UE, T HLXS 22 B B H bR 1R SR I SRS 1R S 8000 AN Ve RN U EEAT T 40
2R/ SO AR A RE A LEAG T LEASRN IR ST, ABAE[10-11] rhrishig T #h 3R
[IRAR T 10 2 55 24 1R s S i) RT3 8 L S B FH RS A8 IR s ), [ I S 17
ST SIARAE SO P E T o IR [12] Pt =l [ A VR B 15 0 R EU AR B R 1
J7 PERHAT TR ARA 1655 [13-15] R T LM 2 A B ki) 5, A
24 77 0] 5 AR 28 1) AH A TN A S5 AT ) TR A e R I R 1 S s, IR
T IRA AR ICA R B SO T R R e 45 (16171 T AL Aha b K
NATHE SR IR AT B A TR R S A 2 KT i il SR RS . PN A (18]
SR T T R S S LI A B AR A, A AR MRS B T AR . PR R
A L1914 T AR IR A R T R 20 0 A Ak LR SR A, IR IR I b
ST R G AR E . A R [20] R A KA b 20 AbFIRAT A AU
ZESRHE T — P TS 1) LR S AR I B . B R S AT AL AP
HE, R MR I S A T ORI [2-6] [21] . £ MODIS #AZL Ak
HG 0 1R R P B e A [ N AR R L B R

1. 4 BRBRELFIBIHT

MODIS A 8 ANMALLAMIEL, RARTATRT LARE W] FHBS 23 5000, Bl s 5
Vi BRI AR RRVE RN 2 8 T SRR SO R o AR TR SR X B A
AT, &S T MODIS RELAME BRI, LA R BEAT b A Sl . Ay
T HIX BRI MODIS Ziedls i S s bR R, AT S A T KA E I
b LRI R IRl T

P, ARTWFIE ISR B S n] IERR A 1 s —J7 xS
AT SEEREAT b, SR — A& S T MODIS s (M 2l B S s 7 v, Horh
KR — ROER B FIE T Planck pR A VE AL VAR I —FoBr ig12. J)
T HGERRIGE A1 MODIS Hcdls )3 S S A Z A v ik, BIERRGE
REARMEL LERR ST R AT, FErp o) — U2 A MODIS 1y Hh £0 4 B
PR AARYCE e, JFEEMAS vE R IEL R . Bm, AR LR S Tk e
ZA0H € N B e it M X ) 3 U S, I I3 M izt DX 1 A R AT A
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MODIS 5414
A\ 4
Al WG FT NIR AW S5 SRAW S/ A5
EU 2 S R A A TRIR R S
\ 4 y
Lb A SR JrREfR AL E %
\ 4
Hh 2RI
RPN
\ 4
Hi iR

B 11 AT IR B 2 i
Fig 1.1 Frame Map of Retrieving of LST by MODIS

AT E A W — R IR M R S ol & & T MODIS
Kl bR B R T . HATIE AR W B LIS AT MODIS #1238
BHOTVER ARG o BIAT IR 25 i b Rt J55 R 3K ST 7V AN B 116 MODIS s
k). Bk, ALIIAE FIEVEMCASGEE, PUES T MODIS #HHFE. AT
WFRAEIX — D7 A T BRI AT T, St T3& & T MODIS K 1) 3 Uit e
ST, Horb i A G RN Planck BRI ZR PR R4 T VR T — AN BT
wAz,

AR KB R AT KRB R MR SO (A S
B, 0 MR BRI E  BLA AR 2 2 A I S X Py 3
TGO AR R BEAT RV oAl v, JFREIMAN T KRB . T
Mo B R B, JF H LI () 55 MODIS () a8 it Tl xELL DL S, P A
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FH 3 S I e AL TR ORI AR R AT O IR 22, WIS i R S
ORGP o ATWEGUAI ] MODIS AL AN B e o R RV AR U Ry
fil, B AR5t MODTS SR b s UKV Bk, IR REmAl v 4%
BT RGERE A, TR 1 i 26 R R S s Al — S R — AR
BRI, R EL AR A SRR A B R 5B ot
Hasta) =257 b, AR 5 S i) 2 B v BN AT & SE R O

1.5 W&

ARSI NT . 0 T IR SO SR SCMBEST H AR [ P A E St
J& WESUTTIR BRI 2, DL SR A8 e 50— A AL A1 S
MR B SR A FE A, T 70 M 3R 5 Bt r ) Bl e o B = R
WHAIRE PRI, RS B AT WAL B . 2R DU E S Planck pRAN
LML TTVE, KB R AG T 20 3 P AR S 2 i il ok 7 ik . B8 ey
HrEAT (R E sk, U@ &1 MODTS Hodle (R R B S s 7k, JF:
FHOR 34 Eeh it s X ) 3 i B AT e, A KOIE T S 4 A e SN
PPOT TEEXT MODTS Kt (1 e [ S T iR KR [ o SR -G R A SO T I
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LA SIS RO R PR DS B — R AR B F B, W — G404
MO, WA ANREIITT C4H 50 ZEMTI L. HarF2 g 8oh T
PR SHE AL MR SR S LR 0 BRI . AR AR
JEE SRR T, FRATT T T BT A I g b SR B 1) AR RN 1) S
A EEIA R

2.1 Planck % #5 B x4E 5T

MEL B, BARFAT S T IO 22 (Kinetic temperature ) 44K %R
AN ) 0 e B LA — 5 B 0 LR o T ST B 110 R R0 3 43 A (A
U LT PR BEAE R B RGN, e A R R R AT N I, A A e R K
KO KR WAk . WA Planck AR FAXFING . BT i bl
K AR ) RA B 46T (TR B2 AR, Bk 7507
i, 25 N RN AR b R e SIS B . PRARR e SO 58 A 1)
MRS I AR, RV MSCRI A S " T BB 436 32 (R B AT e e, BIDIROSC 30 AR A S %2 3
A le A, BRI EIERBAE, BRAWIEE D U NI
Ae. MPs Planck w2, SEAKRMIGHE A& SR Planck BB IA [1-2]:

B,(T) =~ he

5 (ehC//lkT _1)

(2.1)

strp B (T) poom pontamie, ool WIMTSTTMT 2 g KRR
W, k=1380658x107°JK™ . T g, ffy R K C R OGE,
C =2.992458x10°ms™ _

Planck B i 45 H T S A 5hF F % 0 908 88 5 0 P2 ROV D K sz RE R R . N
(2.0) AFTLAE L, WWEHIE S, o1 Planck B8 %iaT LA 52 48 5 U6 1 A d i 43
A7, BT AT LLHESE AP 1 R B A B Ko 2, AN i B 20 A 2%
A S L PR A ) A R S B FEE o 35K U M 7 VL P A I 95 (1 T 18 ST
Y SP3BT LA T B
AR £ B 4RTT Planck BREUESE T SEARIIBEREE T, SR IR R

KED
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ZHRAE RAR, DR EESRAT ) A T 3 P (RS e R U2 R E),
0% FE AR IR L A 3 )

2.2 WiESH

SRR AR R, AR IR ALK, KEZ UL KAk,
A i 3 U R () S 3 T R LU AR A AR N e . UER I R ] e Ron, 8 X
Jo: WIRAEIREE T P A L IR SO B, (T) 5 WIS . IR T 1 22 At
SR By, (T) MILLAE, B

BSA (T)
——= 2.2
BBA(T) ( )

AR AN E A, AT B0, e B 0~1 2 18], {H LA R 2 g K A
(%, X T RZH Ik, R 8~14 HMJu N, i3 Lg% A
0.91 1 0.98 ZIAJ[1-2]c 4N RBEA K THIFENT, HuW) A FLS T BLE 31 (2.2)
AR AR, MRS REIEH R AR M & BRI o sz
BKAIIREI, T T3 5 1) e v AR A R

EUE ST S ) Pk B ST BB T AR o B S S5 A 0 o B A2 ) A R R TR
A, WARIMHRE LSS, MBIV, AL SUKE L WA R A .
I BB BTN )5 B TR K, LI 2 S AT AR AT AR A o B FALT Ah R
EOFTCHRN, MO R T AR B EeR N R R4, i HiE R
ARG S LR S 225 1) PR IR P AR AL X I SRR LU G 3 1 /s S B
LK SRR 73 0 =2R[1]: 2 EaL TR R, YF2 YR
TEHE R & IO A RS ] R A s — 0 B 3 5 K TE S I A A
LR /N T 1 =Rl TR AR, LR AR B KA I A, Bk
TEPEPE AR A4

2. 3 MRS

2 il 30 A SOk MR (1) B Pl (SKin temperature) . —fcH I, HbTH]
ANGEF BT, TSP, P A A A AR L 0 TR R M
2B S5 VS A5 8 PR R U B R A A R AR R . X TR AR, MR

E =
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TS A T AR P el SR S TR A PR . DRI, bR (A TR A b R I
JEE FR) 3 S S B0 ol o — MR B 2% 1) il L

2.4 BHHERE

s ST AR SC A B 00 R (1 0 A O i e R BIGS  ER E  FF RR AR T
R /RN INE PR VA i RS R Y S (S e B 7/ K NTTIE= P (B i St T
SK (PR S S ) AR TR M UL 2 1) R S AR mT LBt R (1] -

T

ra

d :g%Tkin (Oﬁé‘ﬁl) (23)

Arbe LRSS A H1Te<l, HUWIMARSIREL BN T EMAT AR L. i,
X AR 2 € KA, A SRS B i sk AR SR /D T E M E ISR . A (2.3)
NATRUE R R LRSS R R G, WA B SR . & 2.1 Jili
T 5 PR i) SR S R IR Z B R G R . 3K 5 RRH . TR
e kY. Bt T KR, BARESGEEAE, (HE SRR, A
SRR A5

2.1 LR I A 2 T SRS TA) ) LR AL

Table2.1 Comparison of Kinetic Temperature and Radiant Temperature for Typical Objects

POE KR E B P (K) FRATHRE (K)
LN 1.000 303 303
i 0.985 303 298.455
i 0.956 303 289.668
T 0.925 303 280.275
KA 0.99 303 299.97

2.5 LERE

S5 PR (bright temperature) 38 5 i X L _E B I A8 PR A5 (K14 56 A T X
(RIS o o R ek 55 2 1 B ARG () — AN Ha s, AR AN 2 W A 1) B ST
LARSR S — 80 . FEZERIE Tow B A A R AR RS, AR
i P A0 e 1 S A

2.6 KR HE O S5HaHE
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T PR AR e MR IR, A7 2e i K AL AME B i ik 2
PRI C ORI . AT B KU AR, Bl T 2R E H .
AL G B ] B4 3~5 HM A1 8~14 HM PAN KA 1o R, 7E AT A1 JaK
B BOEFE, BEEZS IR Y Tl B AR, B BN . iR
W AE—45~+45°C Z[a), KB BIXPE0h 27°C Zidv. MRIGYERAIAS E 1,
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2.7 PIRGHERTTE

SRR AR P NN 0K X TSI N D S 17 1| P NG NG 72 3 SN
P RIS R BN 2424, AR 22 A2 B Sl e AR IR e A2 R O
HE M- S AL SR R, LRI E JAA SU . V  E 22 IR U
oo HUR ST WA R AR R, 8RR BRI T M T AR S
2% FE RS R AU SEW  25 B8 B KR Wi IR 3% (1 B 28 PR R AN A
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T {
L, =B,(Ts)e, 70, + Lo, +A—&,)Lg,70, (2.4)

R L AR HT % (K K AR S SR, By (To) ML SR A b SR T
e MBI R LR ST, 1o i MBI BB IS0 KB, Lo Bl Lo 4>
) Sh e KRR AT AR S PSR AT B T SR

2. 8 M B SR B IR L ik S

R i 5% 3 A5 01 LD P 558 BE U B o (L 7V 2 AT S B K I BT 5
L, AT E R SR B . TR, IR DM T
VEZ TR H RIS TR KIS, B T — 50 () 0 B S i ik 52
J 3 B P T P K BBk 4y, A Ay 4 ROk, SRR AR S I
PR R S AR OB, SRR, B E s mEy
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R SN A i R B R A I R B UV . IR U5 VRS R S
Mz, #ie bRk, HEFERISHILRE, TRISH
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RAIE.

T AN TE VL B 2 Kahle 45 N (1980 1) {E{RE HLAR ST 2 4 5 HUR
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KW, EISETATEE 3 M4, R EN 2. KRELRMERCK
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WL I, BARSEERRN TSN R UL R, AR E R R
AR ACT-SAE FRLEEAS V10 S 7

PRIEL T 505 2R B XS NOAA AN AL A IE RS HoR ). AT S, 2
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2 THIE S A 2 AN IR E T8 A K S A K 53k, W Wan Al
Li 7E[8]H &t MODIS iflabe ti i) — A 7 M8 sy ik &Ik KL miAE
TR R IR I S o b AR SN B A A (B2 VARG BT 14 AN JRE,  [R]IN R 2
BERCRIEGEBTOR, BB R R 2,

M A 5 (1) S 8 OCBEAE 1R PU AR S A AR B I A X AN HE AR S B ) 3k
Ho PO SR 28T TR AR T IR R e o PRI Ay U2 S 28 AN UM T M 3 0 K 1) 20 ol B
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— R, A (R SRR A A R, DR AR R
R B T e S I T R0 T T R R Fn e Pt LA, SR AR M RE Rl vp SR A HY
MO E , AU SRS AR AN B AT BB, A O TR 28, xR 2401
fli T SR IVE 2 S0 I A0, LR b i R PR, A e AT LA VRS R R
6 AT I AR B BOBORS AT BT ORAIE -

2.9 AT

ARFEWIR T FALL AR B B 18 B Gt 0 M SR R SO R A S, tE i TR
L AR A Planck J5RE. ARSI RE . INALANRBUIIE RS, b T
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%3 E BREELIARNA

MR I SO VAR 2, AR B SOsi 7 v L # R
[0 B T R ) . Bldn, R R AR TM6 HdE, B R AR
NOAA/AVHRR %4, 2 # B ST VAR BT 0 2 A B3 KA o DR S 3
TR B SO SNy, 1 SR T R SR TR R AR X R B AR o AR ST
JEEE /& MODIS i, WX O RN X

3. 1 B

MODIS /&4 T 1999 B DA e E 36 Mk, H
gk BE 1~19 R BE 26 7E ] WAL Ak B, FUE B BEAE 3~15um (KT A
BBt MODIS Bk Bt e Etx bl WEve . KSR . & 1~2 RAFHE
P ER b A — R U R AT WA BRI R ZLAME 5 . MODIS Ay 4> 3R A X 35 11
SIASMEIEAE TR E IR . 5 NOAA TR AVHRR Fll TM 32 EEHEAH L,
MODIS Hl FL A 5 i (K 6 1% 43 2 R 1] 4y e, D 8 3 FH - rp KRB (¥ X
A A M MBS .

MODIS #IBRPEInR 3.1 Fras. WK 3.1 IS H T LLE ), MODIS 7
BTN B B s IS IE RS . b B 26 v T35 = 4RI, FRer ok
Bt 20, 22. 23. 29 H0 31~33 AJ T RN 95T 1 A S s s 3 U A S 3 ML
Wo WP 2. 5. 16, 18 A1 19 A T RAUKIE R I[22-24] . KA IR
Er RS RO, e ] DU R KSR B S IE R R MO R R
ERARM o A7 T ZLAMB BRI 20 A BORE by R 7 1T 1E K FH A S 200 i A1 L
S, DUEAG AR S AT LA MODIS $iti i i b 34 LR S 2 I 1) A 20 A1
MODIS %l n] A i Ak, FLATHAIE AR IR B LR s (K sh A, DA
A LSRR 2 Fhih 287, [tk MODIS il B 7 T & B R i & LST 7~

=
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#* 3.1 MODIS #:KZ4([22]
Table 3.1 MODIS Technical Specifications

FENH BT BBLIX [A] B AR R Ji % SIN
foti Mt/ 2 3 1 620~670 21.8 128
2 841~876 24.7 201
3 459~479 35.3 243
4 545~565 29.0 228
foti i1/ 2 P 5 1230~1250 5.4 74
6 1628~1652 73 275
7 2105~2155 1.0 110
HEVER A S 8 405~420 44.9 880
9 438~448 41.9 838
10 483~493 32.1 802
11 526~536 27.9 754
WAk 2 12 546~556 21.0 750
13 662~672 9.5 910
14 673~683 8.7 1087
15 743~753 10.2 586
16 862~877 6.2 516
KA PRI KIS 17 890~920 10.0 167
18 931~941 36 57
19 915~965 15.0 250
FEA RS BB X (] F AR A % NEAT
20 3.660~3.840 0.45 0.05
i 3 21 3.929~3.989 2.38 2.00
22 3.929~3.989 0.67 0.07
23 4.020~4.080 0.79 0.07
KA 24 4.433~4.498 0.17 0.25
25 4.482~4.549 0.59 0.25
26 1.360~1.390 6.00 150(SNR)
27 6.535~6.895 1.16 0.25
B FIKIR 28 7.175~7.475 2.18 0.25
29 8.400~8.700 9.58 0.25
P 30 9.580~9.880 3.69 0.25
T/ R 31 10.780~11.280 9.55 0.05
32 11.770~12.270 8.94 0.05
33 13.185~13.485 452 0.25
2T 34 13.485~13.785 3.76 0.25
35 13.785~14.085 311 0.25
36 14.085~14.385 2.08 0.25

SNR: f3lb; NEAT. s 2
Vil 243 aEg: 250m(P B 1~2); 500m (P B 3~7) ; 1000m (% Bk 8~36) . il BLAH
FIBARPERESRAR: DB 1~19 AOPALN nm;s JBE 20~36 Jtum; JEilAR ST RGN Sl Wim?

pm sr.
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3.2 MODIS /5 ik#%

AL F MODIS #44% T 2003 4= 8 H b4y, WK 3.1 fin. X5
MODIS BB T P E AT A HIX . 8 AR RN, IEEE T
PRI BRI o A ) PR S 25 e AT W o DAL IR XA I S )
IR R T 0 A I A A T A HTo6F L

3.1 ABFFEHTIEFEHT MODIS &4
Fig 3.1 Original Image of MODIS for the Study

3.3 BEHERKIE

MODIS 32 2% (1) Fr A3 P Bedl 2 12bit id sk, HARS 99Kt TM. SPOT
UGB . T MODIS fEIK A AIBBCE T YU R “HR” LA
SHEFRKS I E B . M4 MODIS Level 1B Product User’s Guide[24], *FT- & 5t
ARSI BRI S A E A R

p=R(SIB-r_offset) (3.2)

b AR e e, SIB X MR SE4R DN AE, r_offset Jt &AL AT %
fE SO0 NS HE, R

3.4 JLARIE
MK 3.1 WA 1, MODIS [JUTARAR K. Dk, AEMU AR,
AT E AR AT ) LA IE . MODIS S JLATERIE 5 e AR IR K %2
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7. MODIS SEAGRA Gy AT 22 25 LA b, i LA AT LU RN H 28 243 32 AR o SCA %
ARREAT LA IE, IR 3.2 o

latitude
longitude
x-longitude
4
L GLT
Projection .
Datum y-latitude
Set zone
Registration > Projection
Edit head file Datum
Set zone

€l 3.2 MODIS 4 LI IE A K
Fig 3.2 Flowing Chart of Geometric Rectification for MODIS Image

MODIS B4 ) U RS 1 ) AR E D R an -
FIFEMG (BSQ TEAFTIF, R L Lh E Fs W 13 BO

A, #3 4N longitude , #4 XN latitude , # 2 %W 5414
1 KA —A

file / save file as / envi standard / &F #3 , # 4 XN 304
/ PRAF AR 1

2 YR AT ERFE (BRAEN 12 )
base tools / resize data / JEFE #2 XNFNVHIAR SCAE / ok

FEIXAE O, 8 xfac Ml yfac #82Ch 0.25  (250/1000) , {RAFH £2
A

3 W CHMZR R PIEEA N R AR, i HAT R %=
RIEIAR K o BT LA ZERRAE S Bt 00, AR THAO

4.1) basic tools / resize data / spatial subset T, EFE f1 X
(BHERCH) , BENTF AN HIEFE image |, 25 RN £1-1;

16



P R 218 S o =5 Bk P A IX A4

4.2) basic tools / resize data / spatial subset T, EFE 2 X
GEUAGEXFE) , BANT—AE DR E D H, &P previous |, IX— 44
B EE, MRS SR BRI /NILESE AR A £2-1;

5 M A A LSS GLT (1K A2 A% )
map / georeference from input geometry / built GLT , #E XN~ —% 11,
TERD X X2 SERBL,  y R B, TERME X output pixel size : 1000,
output rotation : 0 RIANJiE4:) fr4FA4 GLT.
6 Hl GLT Xf 2-2 Bcik:
FEBCZ R, N f2-2 (B k30, B0 1,1 8 8 Bl k1
map / georeference from input geometry / georeference from GLT

ST N GLT 3CF: GLT My ANEde s ff o f2-2

W PA 2P YR, WK MODIS JsURsg A0, /328K 3.3 Frasiigiik. M
Kl 3.3 mTLLEH, BARMGRE TIUIRIE, BRI AN, ERIIILTE
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5 4 & Planck RBRIZMERIML . KRBT R LR R RKf5 7

TR S A i 7 R AR A SRR Mt U B2 B st ) Al Plancke R £ #vie
S T FR AR DAL R 7 X Planck BRECIEATERVE AL, & N FER S AL 5
P A T M AR B SO VE AT $E . A SCl I 6 MODIS 55 31 i BRI 32 3 BT
TR S o S I B TR R SR R HEATBEAL,, $ T Planck RIS fid 77 1%
KBTS F AN LR S 3 M R SO A S 2 8. R 2 S0 B
A AR, 3R TAFERZEA T T5E. T RAE R, W &8
FRAS B (41 6S, MODTRAN, LOWTRAN %) #4735 KAUKA &=
IR, WL KAUKAE B S KB R LR ITRE, SR 51 1 1
R SEAG TR AR B, s X R R R AR T KRB . A SCIR ¥
UL ZLAMBBON RAUKICE R BURYE, E5ERH MODIS HIT 204 B S stk
KRG, NG R SREML AN BN R OB 2. 36 LR i 48 J2 22
P R 50: e K (1 S (7

4.1 Planck pREHIZR M i1k

PR H T FEAE— TE 45 T Planck Bi%. MX(Q.4)nfLLE Y, EfRJ7
FE, WX Planck 7 FRHEATEMERIML . X — UG RN AR AR T R, RS
WEE . W RN 20 B R AR R B — P . Price[27], Franca and
Cracknell[28],Coll et al.[29]F1 Qin et al.[3]#i @ik %} Planck eR%iE4TZE 80 EIT
BNk, EERPREE U BL, ATHE Planck of BT A A R Gk

Li = ai + biTi (41)

A4 H Planck g6 #06 MODIS 115 31 3 Bt (10.780~11.280 um ) Fl 32 i Bt
(11.770-12.270 gm) ) (FIAGEST SR AR 273K-322K X 7 P (1138 06 R HEAT A
L, SRR 4.1 PRIl
XPER 31 BB T (273-322K) HAmaT a8 2 K AMESE(E 4.1). W
4.0 FRH, AR SO B B B T AR TG R  BRIG, O H FL
LEPERI 7 RE, 193 Bai(T)=0.13834T5;-31.80148, R*=0.9970.
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[FIBEXF SR 32 PB IR B 4.2 HEATERMEMUA, 135]: Bay(T)=0.11952Ts,-
26.8045, R*=0.9977.

% 4.1 MODIS 5 31 1 32 ik B i Fhm 5 o J Bl B2 (1 AR A R 3R
Table 4.1 Relationship of Emission and Temperature for MODIS Bands 31 and 32

i SRR S2BEC e | os2ukmr|  s2uk
o [(wmTsram ) | (wmTsSr T am ) | ko | () | A
273 6.200647 6.00237556 298 |9.298325| 8.71833528
274 6.310705 6.100390554 299 |9.437269 | 8.838378679
275 6.421911 6.199296188 300 |9.577369 | 8.959288487
276 6.534267 6.20909202 301 | 9.718624 | 9.081063247
277 6.647774 6.309777559 302 | 9.861034 | 9.203701473
278 6.762433 6.501352264 303 | 10.0046 | 9.327201647
279 6.878244 6.603815544 304 |10.14931 | 9.451562221
280 6.995208 6.707166763 305 |10.29518 | 9.57678162
281 7.113327 6.811405235 306 10.4422 | 9.702858241
282 7.2326 6.916530231 307 | 1059038 | 9.829790451
283 7.353029 7.022540974 308 | 10.7397 | 9.957576592
284 7.474615 7.129436644 309 10.89017 | 10.08621498
285 7.597356 7.237216378 310 |11.04179 | 10.2157039
286 7.721254 7.345879269 311 11.19455 | 10.34604162
287 7.84631 7.455424369 312 11.34847 | 10.47722638
288 7.972523 7.565850687 313 | 11.50352 | 10.6092564
289 8.099894 7.677157195 314 | 11.65972 | 10.74212986
290 8.228422 7.789342821 315 |11.81707 | 10.87584494
291 8.358108 7.902406458 316 | 11.97555| 11.01039979
292 8.488953 8.016346958 317 | 1213517 | 11.14579253
293 8.620955 8.131163138 318 | 12.29593 | 11.28202126
294 8.754114 8.246853778 319 12.45783 | 11.41908408
295 8.888431 8.363417621 320 | 12.62087 | 11.55697904
296 9.023906 8.480853375 321 12.78504 | 11.69570419
297 9.160537 8.599159714 322 | 12.95034 | 11.83525756
.4
13
12 ___.-"--
11
ﬁ 143
- I
e 2
r
L]

7O FE 280 - s T ] I10 320 330
T myparature k)
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] 4.1 5 31 i BURAT TR R BI04 R (Radiance H4A7 % (wm 2sr—zm ™))
Fig 4.1 Relationship of Temperature and Radiance for MODIS Band 31

12 -
11 -~

T #f;f

/

70 A0 0 290 0 300 2 =10 0 320 330
Tamiparatura )

Radinc

b N 0 o

/e 4.2 45 32 P BARATIRIE R B 484SR (Radiance H7 (wm sr ™ um ™))
Fig 4.2 Relationship of Temperature and Radiance for MODIS Band 32

4.2 REKEEBERRELERR

Hb T (%58 56 REAE RSB 2 J5 A BRI o ol T KAUn e S g
U099 1E R, AR UG A it e e A TR o IR 99 46 I — MR RS
BIRE (o) K#id. Rk KA0E R0 Oy R st aE (FRe) &t
KAIE B KA Re i S R RS R (RUTEE) BULLfE. KA /KRR
KRB RN EEN 2, R AR AL AN B, RV BAR S5 1 W AT 5
BRI KA B IR R — i S AR B, R I R S R — R A
BT L, R RO AR T, KRN KB R I E R
K2, JBH k2l MODTRAN, 6S Fil LOWTRAN &5 KA AL B F3EA T
B R AE I R 5 RAUKIE B IO FR o R Ay S e DK T AR e gk
15, P DAL ) 45 A A I X DLAS B PRAIE o

o TR B RO RIE, 2R CAB0) T RUKRIE R
T ST o AMbAT] 2 AR FH AT A i B RN ipt R S B B K KR
&, M RAEIE % . 75 MODIS 1) 36 ME, A 5 MNMEBURITZA4b,
43552 0.865 um , 0.905 xm, 0.936 xm, 0.940 zm, 1.24 um . FAJF) 3 AN B2 /K
VBB B, 11T 0.865 um « 1.24 pm J&KE B XA H A
THIFH MODIS 1328y Bk SR KIS i AN S H B AR b
BRIV, FRE— AT R ARE I %, TR K i S804 A
SR
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4.2.1 REKEEBRER R TTE
KRRV F 0] LU 21 90 S 2 S5 e B PR UL 00 e ST A R AT St o S st )
G5 RACAR KRR S BT ) 4G U B2 A P R 2 I 1 6. AEilg e B, AUHKIR
B ] IO A SR B AT B
ASCA AR T 2L AR SO KA S A B HE, — 2 W B
s R EBBHEVE . NI AN TIE AT AT VAR R R TR . SO
IKVUE I DUAR S A 3 7 A ) ZE IR AT HE S I . 7 0 M A8, Redm A% 4
JI R o
L =L

pT(PW)+L,, (PW)

gnd atm

(4.2)

Sr Lo S s e B B, Cone T T3 5 A S S 2
Lam g hmgdim e, P R %, T BRAUBN%, KB RAAS
SIS KR S e KB I B 1T DU R K A R
S T RS, AR TRV, oS ORI, TR T L 22 e
RIS, 5P I L, Sone P 4,

T(PW) =L, /(Lyyp) — Lo (PW)/(Lyy ) (4.3)

Rt F, ot b PWILaa )y pas o bs ((bano £) 5

N, LA . S8R T DL AR SRR AR . A SO T2
Ptk (43) SUITBLFL

T(PW) ~ L, (Lyy 0) (4.4)

Mﬁmma%%ﬁ,ﬁ%mﬁmﬁiigﬁﬁ%mﬁ%ﬁﬁmﬁﬁoﬁ¢%w’
W PSRRI K, T i S S R R AR —FEf) . Gao A1 Kaufman 7E[30]+ 75
HXF T 0.85 A1 1.25um 2 [a) 1) 85 Fhith ) e SR A il 2 et oe &, A AT LA
P 7 i Beoet Do P AT, RIS MODTRAN 12 i i [X
FEFRUAE R IR R K VOE T H A

MIE 4.3 il UAIEH, 7 0.84-0.88um, 0.99-1.07um Al 1.22-1.26um 5B [*
&L 1, 1 0.88-0.99um & KAk B . Kaufman et al 5 7 K& 1)
SEEG 2 e, ORI BEAE R SR KRR S B AT I, HAREE WL [30-34]
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MODIS #2828 F il T 5 NI A B, Horp 28 17, 18 F1 19 3 B KA
WBL 2 R 5 BB RARE DB, R (4.4) UF1 MODIS % B B Hr
R ATUDAHES HEE 2 F0 3y BRI LLAEE, TFE AW T

T, (0.936um) = p(0.936um)/ p(0.865um) (45)

T, (0.936um) = p(0.936um) /[C1* p(0.865um) + C2* p(1.24um)] (46

X CL4ET 0.8, C2 45T 0.2, XPIRN AR IE M EARIEA I — 20y, 2 H]
RATKVAMC B 5 R DI B LA 5 KKV OGS RN T KA
o M RAELREKAERIKR, AJLLEE MODTRAN, LOWTRAN K
Bl HEM AL KK T B S KBS R MM L REEX. B 44 2
Kaufman A1 Bo-Cai Gao 1] LOWTRAN Ul Py B El 5KV & B o= 2 -

H2O TRANS
1.2
u 1
g os
_-l—’
Eu.a
@u.q
= ooz
0
oo ¢ W oo o= =+ ;oo W - = O u
o o o o 0 = - — —
Wavelengh (um)

€] 4.3 MODTRAN LKV TiZE It 4 ]
Fig 4.3 Simulation of Water Transmittance by MODTRAN
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K 4.4 AR RS RAUKITE 2R R K[34]
Fig 4.4 Relationship of Transmittance and Water Content of Atmosphere

Kaufman 1 Gao 7E[34] 1 Xf i 4.4 Hh oL R H T a0 F Rk

T, (940/865) = exp(cz — S/w) r’=0999 (47
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X TE A, Fpa=002, A=0651" gikiess nirsg].

AR AT [0 A MRS, B, W AR@T) RIS R W, 7

2
(oz—InTWJ2
w=| ——¥
s (4.8)

4.2.2 MODIS 8 KKE R EN A
FIF MODIS 55 2 F1 19 B AT RAKIE &I =3, 153K 4.5 B
N PRL LT

0.003 0,97 1040 2308 3007 ERTE 40814 o382

4.5 PRl PR R RS R IR S 45 R
Fig 4.5 Atmospheric Water Vapor Content Retrieved from MODIS Band 2 and 19
B A N M OIRAEE, SIAMLR A BN 2R A B 2 A — PR W 2, i
AR LA R BRI, BAKIE BRI ATEAIR YR, H
FEE ARV ST XY 0.003-5.382em, VI UK
2.07cm. XA RAS BT LUK 45 FE R, BEMEITHIK
RO ESAWRZERN, W B2k E S Em TR B

4.2.3 KRBT EMERITHE
KAFE LT MODTRAN. LOWTRAN Fl 6S 25 KA K40 8¢ A S B L Al
Tho TR PR 5 B A Th B 1 Ry B i N o A% TSI KA 35) Th  ) efe A 3R

* 42 REKAG BB R

Table 4.2 The Result of Simulation Between Transmittance and Water Content
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RIS i 58 4 T Planck BRI ARRERTAL, U A SO AR H it
KUKV HFH &)

g/cm2 MOD31/AV 4 | MOD32/AV 5 | MOD31/AV 4 MOD32/AV 5
0.4 0.951306667 0.92568 0.952006667 0.9254
0.6 0.941313333 | 0.908573333 | 0.940573333 0.906246667
0.8 0.930426667 | 0.890713333 | 0.926473333 0.883566667
1 0.91848 0.871693333 0.9132 0.862853333
12 0.90538 0.851373333 | 0.897073333 0.83824
14 0.891106667 | 0.829686667 0.87934 0.811753333
16 0.87568 0.806693333 | 0.860033333 0.783486667
1.8 0.859113333 | 0.782493333 | 0.839253333 0.753693333
2 0.84334 0.759693333 0.81714 0.72256
2.2 0.82288 0.730846667 | 0.793806667 0.690286667
2.4 0.803166667 0.70362 0.769306667 0.65718
2.6 0.782946667 0.67586 0.743926667 0.62354
2.8 0.761726667 0.6474 0.71736 0.5891
3 0.739906667 | 0.618686667 | 0.690726667 0.555393333
3.2 0.71738 0.589606667 | 0.663193333 0.5213
3.4 0.69446 0.560553333 | 0.635386667 0.48772
3.6 0.671106667 0.53158 0.607313333 0.454726667
3.8 0.647326667 | 0.502673333 | 0.579013333 0.422293333
4 0.623513333 | 0.474333333 0.55096 0.391046667
4.2 0.59926 0.44612 0.522726667 0.360513333
4.4 0.575233333 0.4188 0.495093333 0.331513333
4.6 0.550933333 0.39186 0.46752 0.303466667
4.8 0.527046667 | 0.366006667 0.44076 0.277126667
5 0.503326667 | 0.340973333 | 0.414586667 0.2522
5.2 0.479586667 0.31656 0.388746667 0.22844
5.4 0.45642 0.293406667 0.36396 0.20644
5.6 0.433386667 | 0.270993333 0.33972 0.185713333
5.8 0.411073333 | 0.249893333 | 0.316593333 0.1667
6 0.3892 0.229846667 0.29434 0.149086667
6.2 0.367726667 0.21072 0.272866667 0.132766667
6.4 0.346966667 | 0.192806667 0.25252 0.117926667
6.6 0.32668 0.175866667 0.23302 0.104313333
6.8 0.307186667 0.16012 0.214666667 0.092026667
7 0.288393333 | 0.145413333 | 0.197306667 0.08094
7.2 0.27014 0.13164 0.180833333 0.07086

W, 1

UE SN
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AVHRR {55 4 A1 5 HIEFEAA A, FrLla 4.2 Fros iR ol t m] Ay 2 H
T MODIS 5 31 Al 32 B R TERL AR L K UKITE 2R R,

M 4.2 iU, EMFERRUKITE T, MODIS %5 31 Al 32 B
MRIEE R GH BN BHE KK ENT &, X ZEREnEE.
XTI AN, AR I RS R AT W R AN R 2 R UKV
20, RAE RV TR W RAUE T RO UKAR S EEUS B, A3
B 4.6 Fiaigi i, EEER, KBRS "2 A ML X

sunner

Transmittance
=
m

0.4 1.z 2 N 26 44 52 3 £.%
Water

& zummer M31/Md # zummer M32/HE
— (ummer M31/Nd) —B (summer M3IZ/NA)

4.6 MODIS 156 31 Fl 32 % Bt K AE I R bl KKV & EAE B = 4i BT Y
BT T

Fig 4.6 Relationship of Atmospheric Transmittance and Water Vapor Content for MODIS Band
31 Under Mid-latitude Summer Atmosphere

BB ST APE R, 745] MODIS 41 31 1 32 Wity K i
RS 2 T e M R R

o 3L UEBL: 13=-0.10671w+1.04015, R*=0.994787;
% 32 B 13,=-0.12577w+0.99229, R*=0.995585.

B, FEAZR P R IL T, MODIS-32/NOAA-AVHRRS IR % 5
RARE B AT IR KR (B 4.7), NI, 47
% 31 B: 139=-0.1041w+0.92314, R’ =0.995585;

532 W EB: 15,=-0.13722w+0.97686, R?*=0.98738.
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winter
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Transmittance
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i
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=

0.4 1.2 z2 2.8 3.6 4.4 5.2 5] 6.5
‘Water
& winter M3l N4 # winter_M32/NS
—M (winter_M31/N4) —H (winter_M32/NG)

4.7 MODIS [#)5; 31 I 32 BRI B KUK AR A ZE T A [T KU B0 R
AR
Fig 4.7 Relationship of Atmospheric Transmittance and Water VVapor Content for MODIS Band
31 under Mid-latitude Winter Atmosphere

RAGE 5 KAUKAE B DCTIE T m, BRITE KKy = 1
U, A RAUM BT R A AR A T R AE R A, T KK = ) BLis
H L 4.8)A k& . Kk, il [F-—5t MODIS &, AT UG5 31 F1
32 WK AEL . X TN B X, A2 31 F1 32 I
B RAE F A 4.8 A1 4.9 . X — KA0EF Al v 5% m] LU 2 &%
—AMEIT, INITTHE T R SO R R SE I o AR AN B BN R AH [ 1
H v X T b T —4E kR th g, SRInE 4.10 4R, K 4.10 f5
2 E ST ] AR —ANH T, 5B 31 P B KRB R AR
32 P B KRB R 0.05 A4, XANE 4.2 FTE R 31 R 32 P B KA

MRZERE—HN. K 4.6 BB T MODIS 55 31 #B RSB R E L
5 32 WBAE KA F
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e |
0.462 0.5349 0.616 0.692 0.768 0,848 0.923 1

] 4.8 MODIS [#15 31 3 Bt KA ik %
Fig 4.8 Result of Transmittance Estimation for MODIS Band 31

I ]
0,304 0,398 0493 0.588 0,683 0.777 0.872 0,965

K 4.9 MODIS {15 32 9 BERA B 1T R
Fig 4.9 Result of Transmittance Estimation for MODIS Band 32
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Fig 4.10 A Cross-section Change of Atmospheric Transmittance for MODIS Band 31 and 32

4.3 MR RS FRMHT

4.3.1 HuR SR ATk

Kerr et al.7£[35] Fl B & 5245 AE[36-37]h 6t TM BRI 1 H 2 LU AR 5 Al 1T
T2 AR EZ TM EUG L I Hh3R LU S R A T AR,
N3] MODIS S5 11 EL s i R Ak it o Mg B i R 32 B ke T3 R 1 4 I
45 K M 3B K 2% K 9 BEIX (A . MODIS ({1 %5 31 A1 32 P B X 1Al 4 S A
10.780~11.280um F1 11.770~12.270 um. HERZ [ AN ] DX 35k () b 26 45 4 AR IR &2
2%, {HM\ MODIS [¥] 1KM [ REEKE, W LRARHLAE B 3 Tt Ak . K
T AEBRIRR L. R IX 3 R RA MR AR R, R LA 2 (4.9) KL I i T
MODIS & 55t R LS 4

SZPWRWSW+PVRV8V+(1'PW'PV)RSSS (49)

b e WG BITHF LRSS A, PONRSBITT LR N 2. e & &
N IAARAES K. LIRS R . Ry, Re, Rm NIRJEHE, AN
Ri=(TT)" . 7E[36-37]"h, BLAESELNH THE 5-45°C {ulBlpy, IX 3 Rl IR 1)
I3 LR Ay ) ARG 1 Ry=0.99240 , R=1.00744 fIl R,=0.99565. AL H.
B HIX 3/4ME . ZAhiTh MODIS [ & LR T8, e Zi i v R A Bl ] o S
B b, WA AN SAG TG I M ) 3 L ) 2 8 TR HE (o A SRR B R S [3T1 4
() —Fh B RS 79%,  WE R MODIS B I n] WL RIS 21 SR Bk A 1
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RELA 75 5 % S e K T e o ZKAARTE P OGBSIl i, IR TR0
FNLLANI B, AKARI SR — A% T 5%. [Kt, 75 MODIS FIEEE R, /K
%701 DN A — AR LG AF 22 o o SR IS TRl A W S kA, U] AR
PRI — A DN A, IS5k DN (T . /MK K DN
EIG B ANE KA, JEI Pw=1. 0 FUifg R 500, af LU~ A2 e Kk
R0 ot 1 B A7) <
Pw=QDN/DNI (4.10)
= QDN 44 Ci¥ DN {f, 1 DNI 2 i ooy i s DNAE, M EE EEAT
EEfE . o T REHLG T, LAV AR UE ZE BEAE B R B NDVIL, Al
NDVI=(B2-B1)/(B2+B1) (4.11)
X B2 F1 B1 43l /& MODIS EHE B 2(T 2040 A BL 1(£056) 1) DN {i. H
(4.12) Al E BAGIT IR o5 2 R B A4 1 LE 451 PV[36]
Pv=(NDVI-NDVIs)/(NDVIv-NDVIs) (4.12)
X H NDVIv F NDVIs Z3 il A A 1 1¥) NDVIAE. 8% 0 L NDVIv=0.65
A NDVIs=0.05 SKBEATHE 1 7 i Z KT UG 71 [36-3710 % T = A 2RI Eb
FadhA, ASCH ASTER ri@ it s 6 e, wad vh HoRAG R, +
ey AR LERRAT A0 I EL, A3 50 4.11-4.13 s &eR.
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Fig 4.11 Change of Emissivity with Wavelength for Vegetation
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MNHE B 1 LU 2Ol i 26 8 T LA 2], AE 8-14 um, LLAR ST A T
0.965 . MODIS 15 31 M1 32 P B X [8] 4 %l /£ 10.780~11.280 pm F

11.770~12.270 um, Kk, WRIEE 411, SEEAEPE X PIASIRB tLaR i R ]
43 9 BUAE 4 0.9851 A1 0.9844.
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Fig 4.12 Change of Emissivity with Wavelength for Bare Soil
M LERR S FO6E i B BT LIE S, 78 8-14 4m , LU AT 0.955,
MODIS {155 31 1 32y BXIX ] 53 54 10.780~11.280 pm F1 11.770~12.270 pm,
RLE, - S P B i) B b AR S 3 n] 23 Sl HU(E D 0.9832 1 0.9731.
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Fig 4.13 Change of Emissivity with Wavelength for Water
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MAKAR ARSI GG th 2 8] Er] LU 2, 78 8-14 um, EUARSF R A& T 0.96,
MODIS )5 31 Fl 32 3 B IX ] 43l #E 10.780~11.280 pm A1 11.770~12.270 um,
BRI, X PR AN BB R 7K AR LU S %93 B A 0.992 11 0.989.

4.3.2 WS ERMATITENH

AT A 3 FhRA, BIAEM . R Kk B 441 PIRBIN T
7%, FH MODIS () 1. 2 J%BkfE NDVI, 53] NDVI 32K, Wil 4.14 fir
7Ne iBiE AT Pv=(NDVI-NDVIS)/(NDVIV-NDVIs)sKk 15 PV Eltn & 4.15 fi7s.

-0.630 =04E1 -D.EI2

Kl 4.14 NDVI 72k &
Figure 4.14 Map of NDVI Classification
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Fig 15 Map of PV
M 4.4.0 TPy HT S S IR I X AT A, X 31 B IK AR . MR LbAE
W4y 0.992, 0.9851, 0.9832, 1445 31 P BHI LA WKl 4.16 i
7Ny X 32 PBLIIKAR, MM AR EUARS R 70 0.989. 0.9844. 0.9731, if
AT 32 W B LLAR A R WA 4.17 P

0.983 0984 0.9885 0.987 0.988 0.589 0,991 0.992

4.16 MODIS 5 31 BB )3 FLAR A R 2041 1]
Fig 4.16 Land Surface Emissivity of Huanbohai Region for MODIS Band 31

D.ory 0. OAF7H O R LR 0.1384 OGAY (1B 1))

4.17 MODIS 5 32 BB )32 FLAR A R 2041 1]
Fig 4.17 Land Surface Emissivity of Huanbohai Region for MODIS Band 32
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Fig 4.18 Cross-section Change of Land Surface Emissivity in Huanbohai Region

4.4 RE/NG;

AFXT Planck pREGIAT T EMERIM, KT T KRB R 5 KK ETRZ
WO, B T RARKIR A B IR0 S Ik, TR] I Xt b e 1 S 3
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i vh 7R N H 2 it X () MODIS 25 31 f1 32 S B &b 25, Ak iX—Hhx
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5 E WAMEMIRE. BE. REELAHESKNAH

ACHER TN P T AR S e 7 Pk 55 VAN 0 SR AT A
8, JFL 5 4 SRS Planck 7 BRI ORI 250 Sy, LI HUE T MODIS
A BRI AR S R V. BRI ORI 3 3R PRI Rt
WD AT BRI S, 0T S ST 3 47

5. 1 AT iR

PR £ 7 VR SRS FELIE RS I TR P LOWTRAN.
MODTRAN. 63) etk U b F AR S, 4450 A X iy 1%
RO B A S0 AL IRARIT, 28R A A R A LA
R UL SRR S BR P:, AER AARISE, B —
SREECAL A B AR . BPRER (2.0 sFoRACRAT 1T R FAT 1 iy S
R (o) R UBURAIRRSERILR HOk, T AR (2. 4 4 B (T 3t
BEHDR, SRR (5. 1) bR s LK.

T =

;tlnli( ! j+1:|
B, (T)

XA T, R, Al K A UK, SR ams C, bR, Mk

C, (5. 1)

¢, = he? = 5.95522012x10"W? g, G2 = "% = 14387686910 mK

5. 1. 1 KRABSHEISE

AR MODTRAN SRAELL R T HR S AL F2E . MODTRAN 27 LOWTRAN JEfitli -
SCHE, FAT S m R o MR e AR AR R ) J LT R4 . ORI BL A E
AR T2, M HSINT 2RSS I7E[40-43], AR B
FLMR E . R AR = USGB G B TRIERT S A4 4 T4 0 i 3
Bio ST 409 R IR AT 75, MODTRAN 2 i T SR AR SR IE IR RS
BV AT o AR SR B rh 2 M X FEAT 2347, R F MODTRAN Hr A3 ) K AU 2R
XL AME B 8—12um IR 0E AT . BAUIEFE WA 5.1 fros.
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KA % n AW TR B
ZH PR B
] /

it KRB

5.1 MODTRAN R KIS AL
Fig 5.1 The Frame Map of MODTRAN Parameter Computation

5.1. 1.1 RE®HEHA

MODTRAN FiHi# 4t 7 &R KA AN, LB W KA. PEEL
HZRKA WA= 2 KA L F R RS .. KR BEEFEEIEACE. FHRA KL
TMHEMBAAR . AR EEFEEL BRSNS T K. RE. B, 2k
Y. A KA R R . AN IR R . ATk 5. 2.

Model Atmosphere [1)-Bun Humber 1 of 1

x
Atmospheric Model to Use | MODTRAN ;I
Mot Atmosphere ST T— |
Type of Atmoshperic Path | Slant Path ;I
Mode of Execution | Thermal Radiance ;I
Execute With Multiple Scattering =
Temperature _Pressure Altitude Profile | MidLatitude Summer _T_i
Water ¥apor Altitude Profile | MidLatitude Summer ;I
Ozone Altitude Profile | MidL atitude Summer ;I
‘Methane Altitude Profile | MidL atitude Summer ;I
Hitrous Oxide Altitude Profile | MidLatitude Summer ;I
Carbon Monoxide Altitude Profile | MidLatitude Summer ;I

| Not Uszed _'I
CO2 Mixing RHatio |33I],l]l]l]
Dutput File Options | Data to FILES LI

Next | Ok |

Kl 5. 2 MODTRAN KAL) KR AL g N 16 4%
Fig 5.2 Interface of MODTRAN Atmosphere Model Parameter Input
5. 1. 1. 2 KB B RN

R IS BB B E R BE N, O 4 A% A i) s i AR K
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MODTRAN KU o 25 J8 21X — 5, 7R N RIS UMK I 53 A i =
REAVERE, RN BT AR, AN R s AN AR AT 12 1
ML R AT AR, AR TE IE, R R
= NAERE TR W ZER G AR MER SO A PN R IS
KHIAF ERRME I o (7] 25 8 KGR SRR 0, 554, 387% 18 B W 5 Sk
RSN . WA 9 MR AT kR, PREA 8 MR AT
Pt AR P Ie Ay BLE IR B OISR IR S, Rk 8 B 2Uas i)
RIS HR, I n] DR SR IR 6 R B e ok S5 A /K & R XA
R o D6 A At Fa B8 2 R e 4%, HAR ] 22%
SCHR[39-40], ASCIEFEI IR AU 5.3 Fis.

Aerosol Model Used :J
| Seasonal Modifications to Aerosol | Determined by Model :-_”
“ Upper Atmosphere Aerosols (30-100 km) | Background Stratospheric :-_”

Air Masz Character for Mavy Maritime Aerosol ||] |

Uze Cloud / Rain Aerosol Extension | Mo Clouds or Rain ;"

Usze Army (V5A) for Aerosol Extension r

Surface Range for Boundary Layer |2|]_|]I]l]

Wind Speed - Mavy Maritime Aerosol m/s |l], non

Rain Rate [mm/hr) |n_nuu

|
|
24 - hr Average Wind Speed - Mavy Maritime ||], noon |
|
|

Ground Altitude Above Sea Level ||]_I]I]l]

Pe | o |

Kl 5. 3 IS HUm A K
Fig 5.3 The Aerosol Parameter Input

5. 1. 1. 3 JU {5 BRFIGIEE BRI

FEREAT i AT A v SIS, 5 FE AR S A 7 T b 1 R B 2 DR, DALk
JUAT A% AR I O AR B (K o ARG AN R SR, IR/ BR AR P et JEE TR ) {1
AR SR AR AR AR I B R AR TR 2 45 [R] IR 25K H 7 2t SR Az
BB ZR LR WO S, RERBHRTIUA . Dy AL ffy s HusRPAR M BRI B
VO FE IR 2 18 o Al LRI 2 8 LU N2 RN . T MODTRAN
P AR R BB B R e, A XA L7 2t 2, DT 5 45 AR
PR ARBR, T LUK IR SR I — -3 D Re A8 v S 4 SRS -0, AR 3k
BT . ASCEEE LTRSS B A W& 5. 4 Pios.
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Geometry and Spectral Band [3)-Bun Number 1 of 1
Initial Altitude [km)

Final Altitude [1-000 |
Initial Zenith Angle [Degrees]) |l]_l]l]l] |
Path Length [km] [0.000 |
Earth Centered Angle [Degrees] |l]_l]l]l] |
Radius of Earth [km] [.000 default] ||]_|]l]l] |
Path Length Type | short ;Il
Initial Frequency 714 (14cm) um

Final Frequency um
Freguency Increment [wavenumber] |1 |
FwHM of Trangular Shit [wavenumber] |1 |

Next Prev | Ok |

5.4 JUFT 5 61EE B K]
Fig 5.4 Geometry and Spectral Parameter Input

5.1. 2.4 RS T
FRIEAT 5 K 5 B modoutl ¢ EXEL BAFREAT 704, 13210k 5.5
Iz B2V B SR KA (R 5

1 qu‘r' T‘l' ”'r”'
o 0.8 ’
S 06|
=
2 0.4
g
) |

0

8 10 12 14

Wavelenth (um)

K 5.5 KAKIMIEL %

Fig 5.5 The Curve of Simulation Water Transmittance
M 5.5 ] DUF H R 2 # e L e, AKVRIIIRIBS 2R 22, TR KRARIR K.
PRIy TAE T 04T, 5 R 2t AT
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0.8
0.6
0.4
0.2

Transmittance

06}
©

10 11 12 13 14
Wavelenth (um)

K 5.6 "SRR IE T %
Fig 5.6 The Curve of Simulation of Dioxide Transmittance
P 5. 6 1t B S At B A I W g 5, R n R AECOR T 13um &, AT
(DN TR W

1

W
0.8
0.6 |
0.4

0.2

Transmittance

8 9 10 11 12 13 14
Wavelenth (um)

Bl 5.7 REIELHR
Fig 5.7 The Curve of Simulation of Ozone Transmittance
B 5.7 4R, RAAE 9-10pm Xt ARSI LB o, A2 B BB LT B ol
M KR 430 1.

Transmittance

CLLLLLL L e
O~ N W A U1 O =

Wavelenth (um)

K 5.8 BiEid K
Fig 5.8 The Curve of Total Transmittance

K 5. 8 s KA BB R KA. KM BELR R A (6.6) 5.
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[N 555 FORRGIHERTRE . B R SRHE S SV ]

B 5.8 fig i, KONGRS OBOR AR B, AEA IR BOR TR LR, A
AR KB A Ao B ARATZEREAT LA SR W I, 5 225% F& X S8l
oL, A AR AR BLE T K UL IE

5.1.2 BN
K FH MODTRAN £1Xf MODIS 31 F11 32 3 B FH A e KA P it X A TR
AL Rk 5. 1.

5.1 P ARSI 45
Table 5.1 The Simulation Result of Mid-latitude

RADTANCE (WATTS/CM2-STER-XXX)
WAVLEN  |PATH THERMAL | SURFACE EMISST | SURFACE REFLE | TOTAL RADIANCE| INTEGRAL
(CM-1) (MIC) | (CM-1) (MICR) | (CM-1) (MICR) (CM-1) (MICR) (CM-1) (MICR) (CM-1)
10. 06 6. 89E-06 6. 81E-04 6. 89E-06 6. 81E-04 2. 36E-03
10. 163 6. 91E-06 6. 69E-04 6. 91E-06 6. 69E-04 2. 32E-03
10. 267 7. 02E-06 6. 66E-04 7. 02E-06 6. 66E-04 2. 25E-03
10. 373 7. 48E-06 6. 95E-04 7. 48E-06 6. 95E-04 2. 18E-03
10. 482 7. 55E-06 6. 87E-04 7. 55E-06 6. 87E-04 2. 11E-03
10. 593 7. 46E-06 6. 65E-04 7. 46E-06 6. 65E-04 2. 03E-03
10. 707 7. 89E-06 6. 88E-04 7. 89E-06 6. 88E-04 1. 96E-03
10. 823 7. 95E-06 6. 78E-04 7. 95E-06 6. 78E-04 1. 88E-03
10. 941 7. 97E-06 6. 66E-04 7. 97TE-06 6. 66E-04 1. 80E-03
11. 062 8. 35E-06 6. 82E-04 8. 35E-06 6. 82E-04 1. 72E-03
11.186 8. 51E-06 6. 80E-04 8. 51E-06 6. 80E-04 1. 64E-03
11. 312 8. 08E-06 6. 31E-04 8. 08E-06 6. 31E-04 1. 55E-03
11. 442 8. 78E-06 6. 7T0E-04 8. 78E-06 6. 7T0E-04 1. 47E-03
11.574 8. 87E-06 6. 62E-04 8. 87E-06 6. 62E-04 1. 38E-03
11.71 8. 74E-06 6. 37E-04 8. 7T4E-06 6. 37E-04 1. 30E-03
11. 848 9. 10E-06 6. 48E-04 9. 10E-06 6. 48E-04 1. 21E-03
11.99 9. 29E-06 6. 46E-04 9. 29E-06 6. 46E-04 1. 12E-03
12.136 9. 39E-06 6. 38E-04 9. 39E-06 6. 38E-04 1. 02E-03
12. 285 8. 62E-06 5. 71E-04 8. 62E-06 5. 71E-04 9. 31E-04
12. 438 8. 72E-06 5. 64E-04 8. 72E-06 5. 64E-04 8. 45E-04
12. 594 8. 72E-06 5. 49E-04 8. 7T2E-06 5. 49E-04 7. 58E-04
12. 755 8. 50E-06 5. 22E-04 8. 50E-06 5. 22E-04 6. 70E-04
12.92 9. 50E-06 5. 69E-04 9. 50E-06 5. 69E-04 5. 85E-04
13. 089 9. 81E-06 5. 73E-04 9. 81E-06 5. 73E-04 4. 90E-04
13. 263 8. 62E-06 4. 90E-04 8. 62E-06 4. 90E-04 3. 92E-04
13. 441 8. 64E-06 4. 78E-04 8. 64E-06 4. 78E-04 3. 06E-04
13. 624 8. 72E-06 4. 70E-04 8. 7T2E-06 4. 70E-04 2. 20E-04
13.812 8. 81E-06 4. 62E-04 8. 81E-06 4. 62E-04 1. 32E-04
14. 006 8. 86E-06 4. 52E-04 8. 86E-06 4. 52E-04 4. 43E-05
R A E 3 T B ) PR SR RO 25 RSB, SRR R (2. 4) 3, SRt

RIS . T RAIE R W bR KB R, ORI AR . R
(5.1) A[LLFEH, PATH THERMAL (KA A E#AESH A1 SURFACE REFLE (KX
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) B S Hb2 S 5D ARX) SURFACE EMISST (HiZEHuig sl MER /N, Fril
AR (2.4) PIETRI. R 4 BRI RS 45 A LR
B RAG AL T BIARNE ST Y (2. 4), Ml FEA5 B M 310 10 S s 45 3t
il 5.9 F1 5. 10 firzn. MODIS (155 31 FH 32 P B A boe Bl B R #2in, /
Tl e BB 31 BRI MR B S A5 AW, PR i X e M R A
45. 85°C, V-l BE Ay 22. 76°C. 5 32 B St 1 4 R s, I vl JiE 49. 97°C,
L 25, 87°C VI AN A MAL, X EER G TP T,
g Ut EEAFDR AT AT AR~ 350t 5 5 i vt B AH 22 LUK, 32 W LA )
ML 5.10 AJ LA H, 30T A 200 R Bl B 2 e Al

¢ A28 6.55 983 1510 1630 19.05 Z2E3 20,20 040 IZT5 J6.03 J0.I0 4258 45.05

Kl 5.9 45 MODIS 25 31 i B I Hm S A% i St M 4 RO A gl o X 20 J82 2 1) 22 S
Fig 5.9 Regional Distribution of LST Retrieved from MODIS Band 31 Data
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I — |
1] 4567 T4 1071 14328 IV.AL Z14Z 2490 ZA.G6 32,12 36,60 39.20 4283 4540 49097
Kl 5. 10 34k MODIS 57 32 Y Bt MR S Ak S I 1 43 FRO P g i M X 1 2 0k J32 4 ) 22 S
Fig5.10 Regional Distribution of LST Retrieved from MODIS Band 32 Data

5.2 BEEHE

B Sk R R AR X AVHRR 56 4 Fil 5 SN B R . XA R
B ZRPRAE R R IR A (SST), HAEREw]IE 0.7°C. Wi R i B2 (SST)
(1) S [A4 0 ST MR S (LST) 1 S 7 vkde fit 76 o AF th T K AURI
RS 2 AR EABAEAE— @ I R, T LLSEAS SRS ) LST S 45 AR AE
KA IE WIRE FE 52 Z2 R RI SR K580, s st AL 7% KA 4 OB KFO
MRS R ORI T WAL USRS R B AN 7 P LA AR Dy i S A S B i N S 20
KA AT 2 P A6 LMER SST A LST Jeisi kb, 1% 2 LOWTRAN.,
6S 5 MODTRAN 4R BULL LB RAF KA SHUN AL v 7 B, (KA SHIA T IE
BG5S AN DI CORASK o B AR BT S KA Rk s . T
MODIS B A mG s il ARG RIS HUS T 75 220 KUK 4
RN T RE

FIHATAH I, CEATFRENE G HILE /DA 17 B3], B & HIkm—Mk
& G T

TS :T4 + A(T4 _TS) + B (5-2)

Ao T B UL, ABIB HBEL e s 4 E AVHRR 6B 4 F1 5 (2
g, s o Tafn Vs i o RAERREE (K)o BEGIEIVEM Y — ikt 0 .
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Ts = Ao + A1T4 + A2T5 (5.3)

fp Ao A A Ess, sl b, mEEEN TR N TB, A=l-Ag
Po = A xR ikt 2 1) AT DU 4 o
5.2.1 B EHZEKHES
B B VR SR TR P P (2.4), b T M THI D A3 A 2 B
T DA I 35 B E (O M AR, 2% 2 LU 3. LR S e 2] o 1 A
HOSR S T EM IO S . 6T 1,7 0T LA 3T AL
11 =@1-7,)B,(T,) (5.4)
I =(1-1,)B,(T,) (5.5)
RT R P R, TS KRR P L . B AR
MR L S (2.4) [2], B (5.6)
B,(T.)=7,B,(T,)+(1—-¢)1-1,)B, (I':)+(1—ri)Bi (T,) (5.6)

N
B TR (5.6), B e[R] T LA 0T st th i, Fi Ta kit Ta 77
AT RS R E R S, BRI A A= (5.7),

B/(T)) =&7,(9)B,(T,) +[1 -7, (OI[1+ (L - &)7,(9)]B; (T,) (5.7)
XF T MODIS %5 31 #1132 Pk, R (5.8). (5.9):

Bai (Ta1) = 31751 (0) By (T ) + [1— 751 (O)[1+ (1 — 51 ) 75, (0)]B5, (T,) (5.8)
By (Tas) = 3,75, (0) By, (T,) +[1— 7 (D)L + (1 — &3, )73, (O)]Bs, (T,) (5.9)

tEdrRRd b, T AdE st B(T) i oe AR FIA IR H . BILTEf )y
FERE RS, RS BRI, By DL A6 S EAT AL TRT o 5 DA B 7 RE SR AR SV,
W EXT Planck 7 RERFTZREETT, H—IRIUATIG R . ASCHAELS 4 St
Planck J7 2R i 40 7772, 4855 31 1 32 8 BL I {4k 7 7% Bay(T)=0.13834T3,-31.80148
H1 B3y(T)=0.11952T3,-26.8045 43 714C N\ (5.8) F1(5.9), 4%

0.13834&31 731 Ts=0.13834T3,+31.80148 31 2'31-(1- 2'31) [1+(1-6‘31) 2'31]

(0.13834T,-31.80148)-31.80148 (5.10)

0.11952 &3, 73, Ts=0.11952T3,+26.8054 &3, 2'32-(1- 2'32) [1+(1-€32) 2'32]

(0.11952T,-26.8054)-26.8054 (5.11)
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HTAETUE, BrfE (5.10) 1 (5.10) HHRES A :
A=0.13834* ¢, * 7,

B3;=0.13834*T,, +31.80148* r,, * ¢,,-31.80148

Car=(1- 75 )*(1+(1- &,,)* 7,,)*0.13834

Da1=(1-7,, )*(1+(1- £,,)* 7., )*31.80148

A=0.11952* ¢, * 7.,

B3,=0.11952*T,, +26.80148* 7., * &,,-26.80148
Cao=(1-7,,)*(1+(1- &,,)* 75,)*0.11952

Dso=(1-7,,)*(1+(1- &, )* 7,,)*26.80148

M LA FE (5.10) (5.11) FoRHK:

Az1Ts=B31-Cs1 Ta +D3; (5.12)
Az Ts=B3-Cs, Ta +D3; (5.13)

R TR (5.12) A (5.13), HHLEE AR
Ts= (C32(B31+D31)-C31 (D32+Bgz)) / (C32A31-C31A32) (5.14)

P (5.14) K REE, S5 AL B CH D 1T RAIEL R T
MR LRI R € o O A RSO XA SHRIGE R 4 Frh 3l
MODIS FEA5H s KUK E &, Rl KA S B HIE R )RRG5 31
32 WB M KAIEIL R, AE IR MR ER B REAMETT. X T LR R 1
SR AR S 4 5 IR EEAR S 2R IR A T 7 R R

5.2.2 BS RN H

AT SR 3 T PRI A RIS 4 B P LR OR OB I R S 3 L o 2R
VAR TR T4t B % 5% (5.14) v, 493 BUPR g i DX IR b 3 i e J &5
Rl 5.11 FroR o B 5.11 B SO A R AR Y 1K — i DX ) e R UL O 46.05°C,
IR 22.23°C PRl AN B RAR. XSRS T,
e L T FEE ARG IRATG , DTS Y R4 g e vl FEE AT 22 LU AREK, 3 2 ] LABRAR ) o
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I ]
0 329 6.58 987 1306 1645 10,74 23,03 2637 2001 3290 36,10 3048 4277 4600

5. 11 R4 MODTS 575 31 A1 32 e BOAICHe FH BS A S50 S Ik 11 49 R A ) i [X 3t 3 3 2
7 H) 22 5
Fig 5.11 Regional Distribution of LST Retrieved from MODIS Band 31 and 32 Data

M 5.1 W RUEH, s AR R e X . B BoR, B X
(RIS 3 AT AT L 58 o TR DI IR0 7 2 P A T B e, 17 9 R, PS8 A o 78
B A TR o S EIAG S FRAT TP i bt 380030 10 DR 88 3 T 328 ik 1) AR AN
[F) o 3T e PR o b D A 3k i 0 T X DL R - b ER A AL 1) L i AR A AT O% . Hh
T MODIS B X IREEE R, Fl MODIS SRBEAT KB I8 3 1) M 2 B i 24 1) 3 A
ZESEOIHT, s MODIS Hdla S () — Mt F . B 511 I nT LLA H, R 8 22
SR U5

5.3 BAEHIE

BT B E RN AN LN BO BT Ko SRR b e R B
AN MR 2B ZMEINE, SR T AR N A BT
LIKT 1 T FE R AT B I8 o SX M 7 VR I R e R R T SO AR R K — A
AMBE, Bl TM6. BRI TM A — AN B, e R R0 32 28 d g
RARZIELS], B A i 7 Rk B st e 5 o AESm S A i, Hh sk
S RS T e i ARG, 38 3 4 YR8 (i 6\ LOWTRAN. MODTRAN)
SRR TR M R AR 5, SEOUEHITE . AT R FHE TM6
ORI BL, 25 5E[6]A1 Jiménez-Mufioz[ 7] % IX AN BEA TR Z 9T, 4%
B TE T TM6 B 1 sl Be ik
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5.3.1 BEHEERNIES

LB VA S R TR T R (240, HAES RIS LR 5.2.2 75
OB T AR . T SR U AN T R, PRI B 31 AN 32 Bt MR
WV PR R (5.15) Al (5.16) .

Ts= (Bay-CaiTa+Da) /Ag (5.15)

Ts= (Bs-Csy Ta+Dz) / Ag (5.16)
M EXATPE, Rfe s o M T O, A ReHTHREEREE . X e it
HOSAEEE 4PN T o NI KA E R (Ta) SHURAL 7.

BG SR Sobrino SEATSTAE[AB1HR T — MR Al AT I P B A TR
FERS T3 e 125 A0 R R4 RIS 5 R0 T PR, AN 7K 7370 AT B R
K, AAHIER TR A -

Taz= L j OWTZdW(z,Z) (5.17)

Aot T pi A 2 Rb I R/ g s WG 2D St iR 2 BRI i Z 1 KUK
S, WIBEEES, WSS E1EEICTEE RR T A N

Ta=2[TO-Rt(z)(T0-217)]Rw(2)
=To[2RwW(2)-Rt(2)Rw(z)]-2.217Rt(z)Rw(z) (5.18)

A To A HUIHI TS Ru(@) A 2 AR KSR A & 5 KRB K R I
Ry(2) &S IRAE = % z AW IRIRR . fE[22] 7, SHEZS T ILAE TR RARE
5 KACTIS 1 R R R0 b T RS P 1 6 R Rk 2o A SCR A L ] v 26 1
HEKLRFIAA: T,=16.0110+0.92621To. RHHHAZ MR LV, W To%% T
300K, s b, FRATAT LA MODIS F 32530 B rpeRe Rt J38 4 AR KV UER
2 SaEt ok, AT AT LA SE IR A vH O PR, 3 S 38U v i S
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Fig 5.12 Land Surface Temperature Retrieved from MODIS Band 31 by Mono-window Algorithm
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Fig 5.13 Land Surface Temperature Retrieved from MODIS Band 32 by Mono-window Algorithm
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Fig 5.14 Cross-section Change of LST Centering at Beijing and Retrieved by Radiance Transfer
Model Method
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Fig 5.15 Cross-section Change of LST Centering at Tianjin and Retrieved by Mono-window
Method
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Fig 5.16 Cross-section Change of LST Centering at Beijing and Retrieved by Mono-window and

Split Window Methods
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Fig 5.17 Cross-section Change of LST Centering at Beijing and Retrieved by Mono-window, Split
Window and Radiance Transfer Model Methods
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6 E HIAH

X1 R B S I SR KRS BE VP, 38R P RR VA [20] . RAURRAUL L
R I R L . KB R T R AR T B i LOWTRAN
MODTRAN 50— MU B 1 FER S A% P HEAT AL . 1 SR AR iy
T2 AR, FCA AR TR AR A TR R, SRS P R S R
ARG, LR I A ZE B ] SN SR iR 22 . AU A TR AT R S 0
AN, B DOEHOR X IR EACR AR (H i T B G SUARH 2%,
iR (SN ISV [t oat  [1TR% D I INTTR = € R i (= 85 Lk SRS B U N
[ 5 o e A& JEERIAR N KA, AR AR e 12 M ] 3 % R AR
&, P LEAL A AR ZE o (RN A R0 1 DA B DG PE 25 i sl A 43X VA AR 5K
B P R PR N AE o K ABEAU e v A TR SR g R, SER bt e MY e
i RS T8 S T I ARIE o BT DAAS 3K Y R URAU B V2 ok ox B
SR 5 SR AT G FEVEAY

6.1 B & BV

X, FATRNHE S AEAE[2][6]1 ] LOWTRAN f o £ 8 R e S
FOEGCH 0 AT () M SR FE AT VP . 1T NOAA/AVHRR 5 MODOIS
(1 90 K R e YR R BE AT Y, T AR SUL B4 35 R T % MODIS31/NOAA-
AVHRR4 Fl MODIS32/NOAA-AVHRRS i BLATR BV . R 6.1 2 KB
g, 3 6.1 water vapor 4 KS/KVA &, Em3L/4Ts Fl Tran31/4 43403k
TEPE B M3L/T4 T IR b3 LU AR b 2 RO <& T %8 . Em32/5Ts Fl Tran32/5 f(#
TEPBL M32/T5 [ R AR AR OE LR . Ts MR E SR AL, M3L/T4 Fl
M32/T5 hy ASTHDLE B v 8 (R B U S o KRBl R T A ) — KUK =
N AR A0OZE IS 2 AUAS ] R IR AS T IR S A dar vl AL (] B4 2% 18 T 7
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Table 6.1 The Simulation of Atmosphere Transformation in Mid-Altitude

water Emissivity Transmittance LST Brightness temperature
vapor Em31/4 Em32/5 Tran31/4 Tran32/5 TsC M31/T4 M32/T5

1g 0.97 0.974 0.913 0.862 20 290.87 290.74

0.97 0.974 0.9158 0.867 30 300.34 299.98

0.97 0.974 0.9184 0.871 40 309.97 309.49

0.97 0.974 0.920 0.875 50 319.68 319.14

29 0.97 0.974 0.817 0.722 20 290.47 290.10

0.97 0.974 0.830 0.741 30 299.56 298.77

0.97 0.974 0.843 0.759 40 309.06 308.07

0.97 0.974 0.853 0.767 50 318.72 317.52

2.59 0.97 0.974 0.756 0.640 20 290.20 289.69

0.97 0.974 0.774 0.665 30 299.03 298.01

0.97 0.974 0.793 0.689 40 308.43 307.15

0.97 0.974 0.814 0.703 50 318.14 316.53

6.2 T R DXOBE B SRV AR B S s A AR R
Table 6.2 The Parameters of Split Window

Tras31 | Tras32 | A3l A32 B31 B32 Tt Ts-273 Ts Ts-Tt
0.93345|0.86652| 0.125 | 0.101 37.2 30.57 293 19.964 | 20 0.036
0.93345|0.86652| 0.125 | 0.101 38.5 31.67 303  |29.9879| 30 0.012
0.93345|0.86652| 0.125 | 0.101 39.9 32.81 313.1 ]40.0819] 40 -0.08
0.93345|0.86652| 0.125 | 0.101 41.2 33.96 323.2 |50.1898| 50 -0.19
0.82675|0.74075| 0.111 | 0.086 33.9 27.21 293.2 ]20.178 20 -0.18
0.82675|0.74075| 0.111 | 0.086 35.1 28.24 303.5 [30.4569| 30 -0.46
0.82675|0.74075| 0.111 | 0.086 36.5 29.36 313.7 ]40.7193] 40 -0.72
0.82675|0.74075| 0.111 | 0.086 37.8 30.48 324.2 |51.1599| 50 -1.16
0.773410.67786| 0.104 | 0.079 32.2 25.52 293.3 |20.3348] 20 -0.33
0.773410.67786| 0.104 | 0.079 334 26.51 303.8 [30.7535| 30 -0.75
0.773410.67786| 0.104 | 0.079 34.7 27.6 314.1 [41.1033| 40 -1.1
0.773410.67786| 0.104 | 0.079 36.1 28.72 325 |51.9729] 50 -1.97

e B AR A SO T RER A

AR 6.2 ST B T SR KU R A i (R RO 2 R0 M L S 1A T B s 4
SIS NI DN Wi SR

¥e ., Trans31

& Tras32 A A AR
KRFIER (13=-0.10671w+1.04015;

SEAER
13,=-0.12577w+0.99229) , ARHE KA i

LRI

KAKES BN BRI REARM K AEL %, A31. A32. B31 fl B32 4 Ay 4%
T HVEREG Tt NS AR SO 45 B . Ts— T b 38 0 Sl B AN S i

iR . BATHERAZEERRZ 0 BT R RS
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M 6.2 HATLAE R, Bl RO KRS /I, R B s
REGTHEES, RRKRER 1.97°C, FEIAIRZEN 0575°C, £ 6.3 &8
T IR R R0 S A i P A 8 R oo b 3R 3 P AT B (s 2%, ks,

A AR BT A BB % (T AR ot BSEiE i %) o &
F e S HME 6.2 MIA. £ 6.3 foH, HZR R B RO 15 KR 2 N
0.8°C, “F-¥#JirzH 0. 46°C,

6.3 TP A B OB R b e S A A
Table 6.3 The Retrieving Results by Split Window

Tran4 Tran5 A3l A32 B31 B32 Ts Ts-273 Ts Ts-Tt
0.913 0.863 0.1225 |0.1004 | 36.61 30.47 293 20.12 20 -0.1177
0.915 0.867 0.1229 0.101 38 31.69 303 30.35 30 -0.3479
0.918 0.872 0.1233 | 0.1015 | 39.41 32.94 314 40.57 40 -0.5726
0.920 0.876 0.1235 0.102 40.82 34.21 324 50.79 50 -0.7944
0.817 0.723 0.1097 |0.0841 | 33.59 26.73 293 20.12 20 -0.1244
0.830 0.741 0.1114 |0.0863 | 35.25 28.25 303 30.36 30 -0.3588
0.843 0.76 0.1132 | 0.0884 | 36.97 29.85 314 40.58 40 -0.5822
0.853 0.768 0.1145 |0.0894 | 38.62 31.2 324 50.78 50 -0.7828
0.756 0.64 0.1015 |0.0745| 31.69 24.54 293 20.13 20 -0.1308
0.774 0.665 0.104 |0.0774 | 33.47 26.18 303 30.37 30 -0.3703
0.793 0.69 0.1064 |0.0803 | 35.33 27.91 314 40.59 40 -0.5948
0.814 0.704 0.1093 | 0.0819 | 37.33 29.41 324 50.78 50 -0.7808

VEr B ROR A UMM S B B

R 6.2 FIFK 6.3 #B 2B G B RO s & . eIz T KRB
BA—FE, £ 6.2 TIELFLE 6.1 RS RLE AT, AR %
RS ) O R i SR A (135 1 e LU SR B, AT vl 260 ey b v B4 21 1
THTARE S B LS B mAG, T DA i S TS P M 2 FE L S Bl . AR 6.3 TR
H, BEE SAH SR R CORAUBER SR LI R B I %) St (il B A 4
AT SE PRl o

R 6.4 iz FIBS B LA R GE I AR AN R B RE 0 F il B
FARFRZESE R . M\ 6.4 KD LUE H, 2 RAUKIE R4 2. 5g/em’, T
40°C I, fFHESOES R, B EEIIRINUEZSA 0.59°C; i LM
B, BE SR s MR 2ZE 2 1. 31°C, i KA 2 1. 096°C. Xt

BEEIELUL, 24 MODIS MUSH 31 F1 32 BB iiE i R 5 52 bs 7 24 40 ) A 2
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0. 13425 1 0. 1568 I, MSZAG AL S AE T 3 5 Y 52 Baade i 4 S (10 3 2 3 P
SRR AL 0.608°C. KX T B G505, B RMMMREA LI
W BEAR KA e I A AR S B AR T SRIBOR UKV B i, SRR TS
AR, g P B R SO R R AT AT 1

% 6. 4 ZHEIURNE MR
Table 6.4 The Sensitivity Analysis of Parameters

L PERL KA MR ZE
Tras31 | Tras32 Tt-Ts Tras31' | Tras32' Tt-Ts Tras3l- Trass2- | ¢ o ey
Tras31' Tras32' - -
0.9975 0.9419 0.226 0.913 0.863 -0.1177 -0.0845 -0.0789 0.1471
0.9975 0.9419 0.457 0.915 0.867 -0.3479 -0.0825 -0.0749 0.3821
0.9975 0.9419 0.513 0.918 0.872 -0.5726 -0.0795 -0.0699 0.4431
0.9775 0.9419 0.498 0.92 0.876 -0.7944 -0.0562 -0.0659 0.4321
0.9762 0.9167 0.462 0.817 0.723 -0.1244 -0.1592 -0.1937 0.2683
0.9762 0.9167 0.911 0.83 0.741 -0.3588 -0.1462 -0.1757 0.7353
0.9762 0.9167 1.018 0.843 0.76 -0.5822 -0.1332 -0.1567 0.8613
0.9762 0.9167 0.955 0.853 0.768 -0.7828 -0.11255 -0.1487 0.8063
0.9656 0.9041 0.586 0.756 0.64 -0.1308 -0.20955 -0.2641 0.3219
0.9656 0.9041 1.162 0.774 0.665 -0.3703 -0.19155 -0.2391 0.9229
0.9656 0.9041 1.31 0.793 0.69 -0.5948 -0.17255 -0.2141 1.0959
0.9656 0.9041 1.082 0.814 0.704 -0.7808 -0.1835 -0.2001 0.8819

6.2 REHILEM

R 6.5 LR AR R RS A SR AL 4 RN b 2 8 AT S IS 1 4L
P, £ 6.5 P Ts JEMRESIEE; Ta B RACFERERE, ASCHRHEEHE
SEAE (6145 1y b 26 5 APV I B T B 0 5Ok A T31s. T32s &)
T E A A AR 31 I 32 PR BRIHM A R s Ts-T31s. Tk-T32s 43 Jill & ifi & 5%
Feo VER: BRSO R TR R B A B, TEMRH,
WA 6.2, MERT AT LLVHE A 0 A 0 S P S ROBORS RS . B 31 BB
1.127°C, % 32 Bl 2.065°C. £ 6.6 JFHE S KIE R, % %
MBHE R BB R, HESBM ER —FE. 31 BB B Rk & N
0.894°C; 32 BN 1.868°C.

M 6.5 F1 6.6 nTLLA H, A ESCR & R T AR BRSNS
LA SO R A5 R B B e XTI S, 2 MODIS (1 31 A 32 S BLiE &
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L SzBR PR ZE 0. 13425 A 0. 1568 I, MKKVAE AL IS % 5 H 5 br
i o A SO R AR P S R B AR AT 31 JBUZ 0.233°C; AE 32 BB
0.197°C. HARERLAAAAXS 31 BBl 32 B s ek, fH2 31 BB HIHg
JEBELEH] 32 B BSOS FE ki 1°C.

A 6.5 H AR XA T S AR SR s A R

Table 6.5 The Retrieving Results by Mono-Window in Mid-Altitude(Transmittance Computed by
Experience Expression)

Ts Tk Ta T31s T32s Ts-T31s Tk-T32s
20 293 287.3905 292.7683 292.6392 0.231698 0.360834
30 303 296.6526 302.5252 302.1044 0.474758 0.895587
40 313 305.9147 312.4614 311.8732 0.538566 1.126801
50 323 315.1768 322.4726 321.7852 0.527402 1.214779
20 293 287.3905 292.3856 291.9761 0.614439 1.023859
30 303 296.6526 301.7399 300.8001 1.260079 2.199887
40 313 305.9147 311.5342 310.3272 1.465849 2.672839
50 323 315.1768 321.499 320.0293 1.500956 2.970653
20 293 287.3905 292.1148 291.5331 0.885245 1.466917
30 303 296.6526 301.1951 299.9448 1.804852 3.055214
40 313 305.9147 310.8746 309.2887 2.125389 3.711293
50 323 315.1768 320.8981 318.9135 2.101936 4.086504

T B AR A S R o
2 6.6 Ml DX TR SRV M R T S s A R

Table 6.6 The Retrieving Results by Mono-Window in Mid-Altitude (real transmittance)

TsC Tk Ta T31s T32s Tk-T31s Tk-T32s
20 293 287.3905 292.951 292.8414 0.048993 0.158581
30 303 296.6526 302.6965 302.2727 0.303451 0.727267
40 313 305.9147 312.637 312.0348 0.362967 0.965246
50 323 315.1768 322.6599 321.9509 0.340137 1.049111
20 293 287.3905 292.737 292.4661 0.263047 0.533924
30 303 296.6526 301.9784 301.0237 1.021564 1.976282
40 313 305.9147 311.7453 310.484 1.254656 2.51602
50 323 315.1768 321.7141 320.1774 1.285867 2.822604
20 293 287.3905 292.5734 292.1674 0.426573 0.832592
30 303 296.6526 301.4286 300.0383 1.571434 2.961693
40 313 305.9147 311.0539 309.2577 1.946098 3.7423
50 323 315.1768 321.0887 318.8664 1.911325 4.133586

e B AR UBBOH AR R KB R,
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6.3 AEF /G

A B 2 g R AU VA T B T vh B L (R B R R B R 40
BEAT T H0AE . X AR ARV BAL A BB R R Sed il % CRAUBEAA
FUSRAS D S si A 3] (0 1y 4 il B2 55 M 3 B SV FE EAT T LA, AN EA BT A )

SNBSS B S ) SU S0 1 A s R P-4 RE B2 D 0. 46°C; 0 T Tl KK
SRAFIE L SO RS B 0. 575°C, W T Hik, i ESOE RN, 28
31 I B SO 1 Hh R R T YR Ch 0.895°C; A 32 R BT RS A
1. 868°C. JHIE It KA /KVAE A3 B 13 Ik 3 SO R I, 28 31 PR BT
BIREIE g 1.128°C, 5 32 JRBAST-HIRE 54 2. 065°C. 24 MODIS [J5F 31 1 32
W B R AIE I 6 5 SEBR V344 BIAHZE 0. 1343 F1 0. 1568 B, X T-BE 51k,
MRAKVE BAG S0 i % 5 F SE R % T 48 S0 1R b e B2 i 5 RS 1)l B A
Wk 0.608°C: AT IEHE, MKAUKIRD AL IS % 5 H S brid il %
IS5 (1 1 2 3 8 i 3 b PR B AR A AE B 31 BB 0.233°C, 7RSS 32 BB
0.197°C. HARFELHI XS 31 BB LU o 32 BB AU, HR25 3
P B S ORG PESE L F 55 32 W BUSOBORG B2 mfi 1°C. AR WhAR, PR R
BRI T UK . B R IR AR 1°C LA, SUEREEAE 2°C LA
We B, BRI EEROR B RE Sm iR 2 o SEBr b RAURA Bl st 2 IR
ARSI L AR HE R SUBEIAR B)o PT ATE K2 55045 21 9 I SRIBCRURG 215 3]
DRAUEIIIS DL i AL 4 E A 2 — R AR L 1 2 Uk Sl T v o [) IR AR ST PRk
ST A AT VPR AR I S B0 0F 1 35 55 v [ SE B B 4347
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IEE IR 0 TR LU RS A Ak o, 2 AIF]— 5% MODIS $ds 1) w] W' i
B LD A BORREA TG . Rk, @i MODIS R Wik Be . JL 4 sh A ar
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gEEPTIE, AT EE S50 ] USRS F

(1) Planck b HUet R PAL MR R 5 B 15 IR BRI B IR G R, 0 2 1
SR R R A, T H R A, A AU B S I v 7 B
REATZR PRI fk, DU M R0 B SO I T o AT 7RI T
Planck BRI PERIG 7L, MU PUAT A S 15 il 8 2 IR e O
#, B TW NG FE: X MODIS 115 31 44T 4h% B, Planck
BB fRTAL TR M Bay(T)=0.13834T3,-31.80148, R?=0.9970; Xf T4
32 LA B, AL FE N : Bay(T)=0.11952T3,-26.8045, R*=0.9977.

(2) AN R B I A MR S (R FE AR S AT iy
TRAKIE BT AAMNEBI R RIBL R KRR, vdl T NILLLAN

BOR B AL KUKV R 07575 B MODIS 1) 2 3 BURFALE
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