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AR RAE S T AR W) B . Il S SR AR SR 2 BRGNP R A
MR L BT, A A M A G B 0 R A AR A T 4 5 1] 8
0 3 R SRR, SR TE R 580 2 [ 4310 B4l e SR R JE TR AR 3 4 3R SR i 23
6] S Bk s X TR Rl SR, G055 R 20 0 aod B e il ) A BR A R
AR LI EE AR 2 L AR HAE GO, 32 SRR T DA AR X R Y T S
T N T, A SEmE . XKEE . 250 PR DR BRI AR 2 0
FHOA RIS RO il i e il B 1 1 s R Bt Sc3% . TR, A2 R SR 0 3 3 it
RSP T T REWITE, I IR T AR HE T3 B 5 1R IR 245 5 A DX il
FCE DTk, XA E AT LIRS 4208 RAUBARSMEET ik . MR IR — R s KO ik
( Temperature Vegetation Index, TVX) . JeTHRGE TR T2 DL S 5L T M R RE = VA 19 )y
ko OCR G T M 7 I S S A AR Y S S BT I T, DA AR S s AR B X S
PR TSR AR S, 0T Il 28 U S S AR T RO A SR D7 1] A T JRe B

i S G R W RES

1.1 KSE&IMNETE
RABRE M Jy 1 8 57 7 [F) — 30 B I 2 SRS 2 S b IR 2 b AR R
iz b, Eid4e B d% (Adiabatic Lapse Rate, ALR) fH{EfS 2T IR IE . THERS
5 ALR Z B KR AT LAFRR N
T=ALR x (H-H,) +T, (1)
L) HT, I HEEAR, HONHEEGRE T, Hy oA R R 2 Hh T el <R
JERE, Ty WA Hy »5 500 <
H AT, MODO7_L2 S5k F 0 F R AE LR M 7 ik SO 30T b 28 <0 HR 0 B0 VR
MODO7_1.2 n] $2 43t 4 Bk 4 H 43 4 7€ 20 4~ H R AR KF B (1000, 950, 920, 850,
780, 700, 620, 500, 400, 300. 250, 200, 150. 100, 70, 50. 30, 20, 10, 5 hPa)
RS IR, HAREACEAS B35 (5 km) , (EJE X SRR BRI 25 2k
T Wk, 7EMH MODO7_12 KBRS EN, 58X = T 50 A 71 BE Ak 300 5
Fbl, Bisht 28 0 F IR B AUEAKE 1000 hPa 928 SR EVE R T3S0, 9R1 Tang
2 2003) Sy i TR E R R AL, FIFAUEKSE 1000 hPa T B2 SRR I I <R 2
SRIEAAIERY, FFHH Tt R AR 2 0 BT . Cosgrove %5 21 JET
MODO7_L2 7= fhJF & T — AN Bl KR AMES Bk ik, % ALR BE NN B BT}
6.5CE#H TR 6.5C, FIL, R4E ALR PR BALT-REAS R EURE 25 T 3 B AT & B2 1Y
IR L BRI E 1Y ALR MBS AREMER AL T X U A e 3 <0, A ALR 7E
ZEMAME FRASRAG ;s BRILZ AN, ALR BA77E HASfL . B MZE A (L RAEAs (L 2 )
i, FEF ALR 2 B A {E F 4 — T S AR s iU K X g, 2, Zh 25 4
FEF MODOT7_L2 77 fit K50 28 1) FH e 422 0T b 2 () W A0 J2 T ek 107 4 2 A< T P i A%
JCHEE ALR, RGeS R AR E AR 2 — R, RGBS B A SRS s R
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(Land Surface Temperature, LST ) BCFH75 202 FHuA 2 m B0R, SJaBm s TR
TEFN MODO6_L2 7 il i LST BN ZRPEIEOC R, A = 00 T AR B R 505 2045 = 4444
THET 2 m AR, AR IR B2 SR AR 25T ) 2.4~3.3°C. Famiglietti %5 1>
T MODO7_L2 RAJHL A R KA RAELR P NG S R 20, PR RS a8k
TR 109 ASHb A G sl WA 64 T T X% FU G UE, I3 AR IR 228 3.47°C. RAE
LA R T vk DR B B, AT b T B AR s RS BRSO IE S T I R A
A S I At e S s A AR
1.2 WREBE—EEIEEFTE

1989 4F Nemani % 0 A B Y3 H b 2 00 % -
FHBE TR B AR 2 AR AL, 1 TVX R B, H
TR AT RN ] 2 R I B, TVX 7 ikAl
BT R R R I TE R B G A 4 B S i R
T 3 LA Tz s 2 OB B s . IR, LST
Wit AR 2 AR MG s i i s SR, B
A RAZRB R, SMpE S 2 R E RS ‘
T2 NS SR R L STk, TVX P

LST

VA PR ML T2 TR 5 P PR NDVI  NDViaw
PR (1) AW AR AT B A xR

Fig.1 TVX configuration

M5 (2) HRAE— 7 Yo Bl N 2 138K 4025 — 1
Zcfbo TVX MR T H PR A, BERLMRI A, AT B BRI RE s, 8z N
FIX A R R . Zha 25 DRI B S R IR O DU 5 R BB = 0.1
Jei, B HUA TVX J778 A MODIS fifi ™ S i 2 B T H e R A H B0, 3
TR N 3.79°C, Renaud 25 27 JET TVX BOAEVEE T T MBI, 595 AR5 24 Y el
1E 3.34~6.23C.,
TVX J7 A6 580 b 2 SR — RO 8 2 &7 ROt 4 ) NDVI A LST [IHC R, AR5
HMEERAG PSR 2B RE T O0 T I LST, RIS MGt R . R .
LST=a+b, x NDVI (2)
T,=a~+b; x NDVI,,,. (3)
KX (2) . (3) P LST MR E, NDVI R IA—ALHBHR R, o R b, 53 50 B
T NI LST F1 NDVI P R R A AE AR, T, iR, NDVI,, I Fe
Y 47 5 R A0
1.3 EFEESITHAE
1.3.1 B RFHRITER
FLPR P GE AR A R s SR A B IR B R A DG, e A T A R AN 8
SRR M BT A 2R P 11071 56 SR A3, Chen 45 1 #8537 THETF GOES ( Geostationary
Operational Environmental Satellite ) 1 ARG TR T ) b S VAL R T 3 A S 25 R
LRI X R, Soitah 3 B on 32 5 3 2 S0 2 87 54 5¢ R B0k 0.87,
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A3 B 25 R B RR E DT 22 0 1.57°C BTN 4 Y JEF AVHRR (Advanced Very High
Resolution Radiometer ) 05 (1 0 50000 25 IR BEROAH G R, HE T MG sAa e ~
] S ARSI 0 2 R L T R, A R A R A X IR EAE 1.5~1.8C 2
). BRI PG AR AT LR H -

T=f (LST) (4)

R S AE TR BA, S AS D SR H: RT3 28 B T E AR A 3R
PRI A, JCRARE T B XSRS S Lin 28 1 OB R W76 R I AR R I 20 2606 F
25 S B RN b SR RE 1 O R R AR Y, FE R I 2 Hb Y 3% 1 B 1 1 A S AR A A2
TR O IME R - DR, S0P 3 T 0 2 A B 1 i) P 8 A B I AN 18 FH
T A A R X S 2 SR A 5
1.32 %A TR

ZHF GBI 8T 2247 SR A5 R 3 2R Ml E 2 MR AR SR i s SR
JE . RS SR AR R RO, (1) BRI . SRR AL
B4 (2) WyFiasa (ERVER) IS REE | MR Bt R R MRS, ZHT
SRR A] DL IR N -

T=f (LST, NDVI, Albedo, h+-*) (5)

K (5) T Albedo FHbFRIIBAHE, h hEfE.

Kawashima 25 ' 7E R P4 RERE > |, 51T NDVI, 3k P-4 b 2 5 Fi
IH—AAE RS E — ootk RN 3 B AR 3 10, OB AR EIR ZETE 0.47~1.05°C, Cristobal
2 TR A AR R i (MR . bR BRI S ) AR R R . AR
FKBHAR S ) 42 T B A TR B L B af b PHAS TR0 ) P o v SRR RS B B g, RSB 1
ROBE SR R 45 A 3 5 AR 220 1.75°C,  F R FAR KRB B R S T 45 SR 1 34
TR N 1°C, Tfieds S 2 e TR | MRS, KRR MR R R R
5 A5 R 77 2 ek Mk AR RS BT b SR, RO S SR IR 28 2.31C, [H]
I LA LR R HEA T T A SR, L BARCIAIRS B R . IS 7 R |
YAk, 2K IIE . R IR R B K I 5 A 6 NI N, B REHLARA
D76 0 A i AR S, RO A AR I IR 22 1.06°C, kB2 -1 Bl HLAR
M7 HL B Al ) 22 TR PE [ IR RORE i 5 . Jang 45 O30 AVHRR B9 5 B 115
SIS SRR IRE G, 456 Hh AR SR R p 22 45 (5 A2k SO 25 AL, 25
TNBRZ T B 22 B B ey, BOTARIRZE N 1.79°C, B 95% MIFEAR IR 2E1E 3CLAN .
Chenour 25 "1/ SR FFL BT HIA I3 01 5 1% Hodse 1 205 BRI 0708 BERR (O REE , 245 S5 S R ]
MR . MRS R, SRR . IR e S R A MBS [ e A T R AU SRS B e
SRR ZE N 0.62°C, EXIM KRB N 0.99, KEAIHFFE R Z K 110G Rk
JEE R F G i (HUR AT RS AE PR SR A 22, 1T HIFAS BB B Wi i -3 ) 28
IR SE
1.4 ETHhREEFEHE

ZWET- S, R e - AR AT DA R AR A RE
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T =T —H—% (6)
a—10™ pCP

X (6) W, T, iR, T, A= iR, Hoy Bl p ha U
&, C, N TERW, r, W BT, T8 Al e S PR o LRI,
PRI 300 AR A R B 2 T 25 B ) AR B . &5 s ) AR B S R IR 2 ) i 2 5 2%
B AR S B AR S A, 3X — B FH AE AR B AE A TR AR - BRI P 25 R A
Kpiazs L,

Pape 25 " BEFREREF-05 07 FE, 25 4 Mo T 520 09 4 5 550 A0 1B SRR SR A5 5
LR, BT RIRZETE 0.37~1.02°C 28], (HR AU J& T Re & & R 50 N Y i
TS AR S 520 SR, AR SEBR GO0 i b 3R R S P Bl R AN G0, PR
AR SR AR, Zhang 25 1T HE T — LT Al P SEARUAG B X IR O B 0k
( Advection-Energy Balance for Surface Air Temperature Algorithm, ADEBAT ), [6] B} % &
TR ERUK S Sy AR AR, X T XIS AR, AR R T R AT
T 22 ARG KT AR A5 PRI PRI gl A SO R -, S5 SR ARIR 25 7E 0.2~0.42 K.
Liu 25 100 348 52 06 8 AU (A i T ADEBAT S (0 i A T Zhu 2697 H2 4 T —Fil
FeF e gE P #7381 (Surface Energy Balance Algorithm for Land, SEBAL ) WyRE =SS IR
S vk, i ROt OKIGOTA TR 500 ) MR A Haa, w3 im A
R IZMESCFR, AT MODIS $iodfs S A3 2 A 45 R 5 iR 22 1.7°C, A Landsat8
Bl FOEAR B A R IR 2 R 2.6°C.

2 A CRE Iy v R H

KRNI P RIS AT, TTHRAERE R, ST S0 T %l B S0 s T DA KIS K 4%
PFF BRI, (E LA SR A T At 3 MOy AR A Fr s . A&, Al
DU 3 B8 3R 5 2 T 2 A L ARt R B 7 81 56 R oR A5 TR i R s
RN, TR 0 57 A — A ) 023 1o LT AN S BRI T R 1 3 i, 52
P b, 52 AR A [ 0 5 2R M R R el 23 A () R B T AR, Y
(URFIETE 5 4P T BRI T M, TS RS2 BRU Y 2= F MR ia R o U
STt TR, SR TN, R A A Rl R R R R
LM IR 28 IR B A A S Bz — 0 2

TVX 53 B R RS R MRS T (1) bR s B 5 A7 7E AR
SRR E R R (2) DMEUE R IR 5 R N 2 SR A TP ERRAS . SR, B
FEFEW] TVX J7 i BARH T 20 R BAS SC MA RI 6 2, (ER X RV 56 2
HAR AU, HOCRBRME LS 0.1, TVX ik —4~ e &k 8 NDVL,,., BF
FEFH] NDVL,,,, B2 HFFE X A0 TR UG R RIS Ak, — ik b i 4l 0 0 2 S
Bt 2 [0 B 2836 56 B R K E NDVIL,o 10 HL 253% 5 3 0 TR 28 =5 32 IX sk A0 A 1 X
SIS, F T RS 1T A A 3t R R AR 1 B0 A T N T S O SR 2 R A
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BEHL. R, TVX J5 AN TR A o 2 sl AR gl Bt o B #an. 48 TVX 5545
i TR AT R A, {H NDVIL,,, B9 250 R OR BRI 1 TVX AR Y ) 3085 S5 A0 52 B
T o

s GE T2 )y 1 e T b T WL I K4 e S A At 7 s AL RS 5 e P A —
AL AR PR A TR C R . %07 IR IR AL, T SRR AR AR, 20 32 2 e
ABHGHIFE o P T3 R OR bk A B AR B, ] RS AR R 25 2 I ST ) e KR
WEE T AAHLEAR B R AR R B, BURSe T BRA TRORR A, i
I AR S R 0, ST HORGE I ik T AL RIS S, W RS B
il 3 i SRR TR B LAY B DR L

HLT MR RE R VM i A A S GR I B R Rl P A B R, O A BGR
MBI RS . (HR BRI 2, 240G 2 R BUM A 5 i iR 22 AL M R, HLUAAT 18 I
PRI ISR, WG == s 122 TR s s Ty 2t i 2 . fESEPRis il rp, i
RAER VAl WA A A, T2 IR AR . i, MR AR
R it T S i O PR O PR X A SR A TR, BRI T AR X I
JLRE EAIHT

RGN T IR 4 0 R URE B A RIXTH . SRR, R % A B
DLk sic SR, HENABA — R I BERERS ML T (e AT ) i i B 5B i S
HA i 1 I

®1 AEIEMRKREBRRETEISLL

Table 1 Comparison of methods for estimating near—surface air temperature

WiRS [7W=t fife s RRE (C) FESHEICER
KA BRI fRIRTAT; NEHFA RO ; K 54347 Zhu %11 (2017)
Jrik R B OB Bk o Famiglietti 55 /(2018 )
HbZR Y IR ANIE FH AR B 7 55 AR 1 334623 Zhu % 7(2013)
FRHOTIE TR ] XJf; NDVI,,,, BA 2581 ’ ’ Renaud 45 "27(2018)
JERE R 5 AR 2E 5 Cristobal %5 1¥77( 2008 )
s B
SRRk T I 062-LT5  \ hammadi % 2018)
iR RE R ELSREiN T BRI LG — SE iR R 0996 Zhang % 1%7(2015)
itk ELAT B 07 B P HE R LI B R - Zhu % 742017 )

3 iRy

ZOCRGEBALEES T R RS SR AT TS, X ST L0980 4 28
RAERLIMIETTE . FRE RO (TVX) | BT RIS )5E AR EE T H
RAER-PA T J 3 AU R T U A R B 2 R 21 R, 5 T H#
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AIEF 5 107 3t 28 - A A TR MU 2 IR i M B IR, B 2%, T Bk
WK, HAT R R AR R FIE o 245 1 AT A M e e o Je S i Y i S
BUAR, X R LR R SR A R A A ST 1 A e R

(1) TERGZS 60T, bk 4 K07 — @ 1 k. SR T BLA A il 18 /S T
TR T RAUBELAMIET A Z A, Hr 3 2807 1k — P st s T Ui e -1 2 Rt 3 [7)
SRA o T e e R S T A5 3 R P A BRI A — MY . R TVX Ty
TEFNHE T MR BEH P87 14 5 V5 AN 1 P AR i 7 e DX IORR L DXl AR A2 5 A [+
HOIE 25 T R R A i BRI 5T . BEAh, BEZS250F T, MR A R R 2
ORI AR IR R VIR DG . 25 i 1k U 1 HAT R B I 1] 23
P, A R SGE SRR B AR H AR AE . B, A B AU A
RESH) HAALE B ATRSGE T, A n] R4 il 2 45 0F 1l SRS JE 1A 0k
o

(2) fEEEEOT, HAr(Ca Bllsgeit Ik Ml il i 22 W 7E A = &0
T, TRRBOGZME | MR R DL AR B 2 U R i R R E
1 U AT IR ) B KPR — . R HATE 2K T REME 2 RS R Rk,
(EOR 2 B0 BT I 0] 125 ) B (P SE AR, I AN RE S WS s 2 78 s 26 4F 1 B Ml T 2T
He Mih TRFEZNR A, 0 ZNHTHRRE P RS Wik, FEEIONR
HKNLZINGEA 7= 25 F T ARSI R T, A R IR e S i A B X Sl RUE 3
FAURAI T

(3) TR Z A BT AN T, BUA BT Ul B I R i 5 i A b 2200
TP A TR RSN, SRR S B rp PP 25 R R IR R & Y PR ]
AR S 56 T G Y R &, B H ATid B Al 17 9 RGE S i vk . B IAA R Z il id
i LI IR 5 R SRR R =2 [ 22 0 A U DR 7o DRI Rt sl X L i i
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A review of methods for estimating near—surface air
temperature from remote sensing data

Leng Pei', Liao Qianyu" **, Ren Chao®, Li Zhaoliang'
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Abstract: [ Purpose ] Air temperature is a key factor affecting the growth rate of crops in
agricultural study. Under the trend of global warming, it is significant to monitor changes of air
temperature in regional scale. The article discusses the current methods for estimating near—
surface air temperature from remote sensing data and looks forward to the future development
of retrievals methods. [ Method ] With the development of remote sensing science, remote
sensing technology has become an effective way for obtaining spatial distribution of air
temperature with high temporal-spatial resolution. The article reviews and summarizes the
recent research progresses for estimating near—surface temperature from remote sensing
measurements. In general, these methods can be roughly catalogued into four types: atmospheric
profile method, temperature—vegetation index method, statistical method, surface energy
balance method. Finally, the advantages and disadvantages of these methods are evaluated.

[ Result ] Air temperature is generally influenced by radiation, turbulence and advection, thus
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making it difficult to obtain. Although a number of methods have been developed, most of them
rely on auxiliary data whatever the complexity of the model. Moreover, in the case of clouds,
many important parameters cannot be obtained such as land surface temperature, land surface
albedo and so on. [ Conclusion ] Various parameterization algorithms have been developed to
estimate near—surface air temperature from remote sensing observations. However, there is a
long way to develop a universal parameterization algorithm without auxiliary data. It is necessary
to explore atmospheric radiation transmission under conditions of clouds and different topography.
To improve the research of near—surface air temperature method, influence of atmosphere on air
temperature should be taken into consideration.

Key words: near—surface air temperature ; atmospheric profile method; TVX method; statistical

model; surface energy balance method
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