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Fig.1 Relationship of neighboring pixels in
surface energy balance (SEB)
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Fig.2 Relationship between cloud cover of homogeneous surface and lowland effect in daytime
A Treg) )z WE—, DRI SR Y R AN [ iy AN [R])2, 3 37 2 7 i X
il YK TR ES Fe A
Treijy = T = Tron,j) X Sse)) ) HBHREA R AR O -

O 5 Trup 29 25 (A AE V243 B 1945 0 (1) b
U FEE Ak VHAEL 5 Troway KB I (L) IO ABITAR S0 40
H R 22, Sseap MAR TG ) FHEERL RN 38, 5 2 7 a5
FRIEFIZAGR IO B A G, 8 e = i 5
FEC 11 b R AR A i, e (8) 2N I A I A
23 HEBERRBIEE

R G ZR %, A A AR V0, BE 215 00 Nt ar
A RR, & —ME L a0 RSk
R, HAL S5 RRIRE N R 52 28 55 5 F 1 b
L, DR, [FIRE 5 2% 08 2 7 5 X IR R A Y., A
RESRAF HLIE 10 = B 55 X H 33 A A1 T :

TTC(i,j) = TTV(i,j) - TTDN(i,j) X SSE(i,j) (10)

K 10) T, Tryap A2 TR OC RE(D [ R BT
(i) P 2 A A e 2800 (9) .

{ELZE S B I Gk R v o O (1 2 ] 3145 =
R TIREEARE. HT oI, s E G X N
TG AR % 45 KRR AN RE T 32 M I B UG T 3R A5
1L FR R 5L o N U0 P AR A S A e (1 2
B JLR ), BT L, AT DA A B b AR 52 ) — b X A
TS A P T 2 78 i PG 6 2 7 i DX 3 A% G i 3
HEAT B e, UL 1] 43 R 08 B R G (W
MODIS), AJ #4458 5i s {H4% TM, ASTER 4§ /5 %
(1] 3 3 5608 JEK R AG AT AE I R) 40238 A 1 (1 v 88,
JE B BARZEIS 15 d Aoy, SRR A, R RIS BL T,
FHAH S Bof A P45 ) AR B 48 HOR B 4 2= 7 5 R
MR R EL, T BEAA BRI R 22, 2 1 R AT i 1 sk
ANIXRRZE TR S PR R b 2 X
T BICHBEARECZ IR Vi =f (V) CREA

VVI(i,j) =f [VVIN(i,j)] (11)
K ADH S Vawap A 2 78 55145 76 (1) (1R 4% 15 Z At o
1B Ve A 3¢ 4830 B AH [R) — M X TG 2 78 i G
X A T () R 1 45 5
2.4 BOEBRIHE-PHEER
ST IR PSS = R, e )
FEE IEEFIR g FREUE IEE T T = N R
JEAS SR A PTAT o R b SO B 5 DR 2 A IE Y
() ORGPl vk b sk HLAGE P v
H & TSI 2 T SR R A B, (R FH P P A
Tl 5525 T 3R P A7 AE SR AR AR ) 8, Gk
DX S P A R AR AR HE SR B, L2 B ZKORT
g gt PSR ISR o o ¢ TR (i = Al
TR L, B AEBE AU 53 B i 37 v b 8 B2 R 1 (SE)
FIHALT Hh AL IR FEAE (DN) 2 [R] R0 56 22 (5 Bl I
14 G, $5¢ SE-DN iR 21K &), H T i 4k 50 (5)-
(6)(7) 2 :0(12), HZH [F] 20(7)HI(8); [RIIT, A ]
G IR TR A OC B8 1L A I D nT 4 1
() 2= T M2 Ak 35 7
TM =T T X See (12)
25 ek
T 0% N & Ly 7 1 I R il N L 5 2 = A
A 3 ] ) FH B B0 et 2o AN S TR A e AR S 2
N H MR FE A Bl S A R IR DRI R AR
AU, HAT A R AR B ), W] vl i ar fh e
T2 MR P SR AN AR, H DRI ) o R A
%, HILISVENLEE S AL A AR, A5 4 o AL ol
SIS HH (1) b AN ] L LR P, T —



33 i S5 R ANE IR R = 7 ol BT AL FE A 5] 18 333

SEREIE BRI T2k N ] e Bl R EOR, e
A5 2 MR B FR B (VS B T IR AT Y
BRI U A D R g 2,
R AEA 20 B R L {EL DR AL Sl T 5 FR L A
WIA Gy AT JE 221

3 giiE

U] A ST IR L AP IR R I R v = 7 i (RO 1
S 5 A ANLLANIR IR (W AT S, 257 ikt
R SFE SRS FRTIEA , 0 AN i) 1t DXMIAN ] 255 4 A i A
[, I HANR ) R R A AN R R R R o el
WA ZFFIE (2 5 I8 RN AR 25 8 i I 1)
K L), $& H— AN REMS LU D) 5 5 b I 1 2 74 i
BT AR A T 5 5 R = i (R e R
FEA SR OCBRRLA l J . LMD 2 R P4 DA FE Al
AR 3t A 5 PR 25 18] 7 A SN AR AR S5
Frsgm, $ T 2 (R A2 IR IS A gOR R B IETL
AP DSt 7R 2 A A v MR T 5 DA S H
2o i DX M AR R T 23 A ) e b R e B 5 A
AN B8 LT 5T WD R A A BRI
&b A i oo R LA S PR AL T BB T RE,
B =Tl gt ol 05 S Al ATk S T PR TS L, BLR
207 1 DX T M AR JRE 2 T 73 A1 PR v A B e
BN, A HE— D R ARR M A58 38 (LR
A < S A0 LI AT SR 01 55, DXV () S8 56 TEAE T
J&), i 2 ASEEL 2 T MR FEE PRV ORS TR AL 5, AT
N FALT AT TR A0 3t 28 il P58 T S i S 4 {1
R BB T

23R

[1] Valor E,Caselles V.Mapping land surface emissivity from NDVI:
Application to European,African,and South American areas[J].
Remote Sensing of Environment,1996,57(3):167-184.

[2] Dash P,Géttsche F-M,Olesen F-S,et al.Land surface temperature
and emissivity estimation from passive sensor data: Theory and
practice-current trends[J].International Journal of Remote Sens-
ing,2002,23(13): 2563-2594.

[3] Kerr Y H,Lagouarde J P,Imbernon J.Accurate land surface tem-
perature retrieval from AVHRR data with use of an improved
split window algorithm[J].Remote Sensing of Environment,
1992,41(2-3):197-2009.

[4] Coll C,Caselles V,Galve J M,et al.Ground measurements for the
validation of land surface temperatures derived from AATSR
and MODIS data[J].Remote Sensing of Environment, 2005, 97
(3): 288-300.

[5] FallahAdl H,JaJa J,Liang S L,et al.Fast algorithms for removing
atmospheric effects from satellite images[J].Ieee Computational
Science & Engineering,1996,3(2):66-77.

[6] Jin M,Dickinson R E.A generalized algorithm for retrieving
cloudy sky skin temperature from satellite thermal infrared radi-
ances[J].Journal of Geophysical Research-Atmospheres,2000,
105(D22):27037-27047.

[7] Jin M L.Interpolation of surface radiative temperature measured
from polar orbiting satellites to a diurnal cycle 2. Cloudy-pixel
treatment[J].Journal of Geophysical Research-Atmospheres,
2000,105(D3):4061-4076.

[8] Aires F,Prigent C,Rossow W.Temporal interpolation of global
surface skin temperature diurnal cycle over land under clear and
cloudy conditions[J].Journal of Geophysical research,2004,109:
1-18.

[9]1 Quattrochi D A,Luvall J C.Thermal remote sensing in land sur-
face processes|[M].Boca Raton London New York Washington,
D.C.: CRC PRESS,2005,86-87.

[10] Lu L,Venus V,Skidmore A,et al.Estimating land-surface tempera-
ture under clouds using MSG/SEVIRI observations[J].Interna-
tional Journal of Applied Earth Observation and Geoinformation,
2011,13(2):265-276.

[11] Jin M,Dickinson R E.Interpolation of surface radiative tempera-
ture measured from polar orbiting satellites to a diurnal cycle. 1.
Without clouds[J].Journal of Geophysical research,1999,104
(D2):2105-2116.

[12] REEN, 5% RS JEye i il (1 X 50 47 28U A6 b
SR 3 A [0] HU R, 2012,32(5):628~634.

[13] 2% 25,8 0. M 2 B 1 4 20 A7 [0]. e B R 22,1999, 19(2):
158~162.

[14] 2 PrrEEw, s
2000, 15(3):260~265.

[15] Nalder I A,Wein R W.Spatial interpolation of climatic Normals:

Fo 0] AT 7 VR LU (D). M BR R 7% ke,

test of a new method in the Canadian boreal forest[J].Agricultur-
al and Forest Meteorology, 1998, 92(4):211-225.

[16] ARG, S [, 2= A, A% v ] o M X3 38 10 2 ) 4
[7]. 327412002, 57(1):47~56.

[17] 45 SRR, BT 20 AL, [ AR 1 B B0 32 2 TRl 7 1 ) LA ) R[],
HLERIF 9%, 2004,23(4):425~432.

[18] ¥RENNE, Fakise, ok 248 LT WA I = R LRI AL T
POREIE S HT ] REIEAE JE,2011,4:59~63.

[19] 5k 25, BaEsE 0 Mg, A5 AR S M A 5 2 2 i g oo b
e AT AT PR AR (0], Mo BE 5 s B JEURFAE, 2011, 27(6):
45~49.

[20] JA  SCEEZA NILGIDS 7% 46 {1045 5 2 F bR
[J] B IE49R, 2012, 16(3):492~504.

[21] Sun D,Kafatos M.Note on the NDVI-LST relationship and the
use of temperature-related drought indices over North America
[J].Geophysical Research Letters, 2007, 34(24):1.24406.

[22] Karnieli A, Agam N, Pinker R T, et al. Use of NDVI and Land

Surface Temperature for Drought Assessment: Merits and Limi-



334 Hh DL 2 33%

tations[J].Journal of Climate,2010,23(3):618-633. surface temperature under bare soil environment[J].Applied
[23] L W EH e R A T R EORME T A R S mathematics and computation, 2002,130(1):171-200.
E W ORI o5 A% R AN B A AR (D] L BIRL 22,2012, 32(2): [26] 28 WIS 1F 7 kg i, 2 6 T3 RO W 1 I 11 Ll 3 R e
251~256. AR A AT 0] bR, 2011, 31(10): 1242~1248.
[24] ) AR S URIT I, S R NDVIA 5 2= 3 s U DX At b [27] ¥ 000 ik, iU 56 Bl R A5 X NCAR/CLM3.5 () 4 Ik
FAM L EWFFUI]. 1A 5 N ,2011,26(5): 689~697. X5 A= e 2 b R AR S B 45 20 A R HE B BT 9 [0, b R
[25] Qin Z,Berliner P,Karnieli A.Numerical solution of a complete 27,2012, 32(6): 746~751.

surface energy balance model for simulation of heat fluxes and

A Preliminary View on the Estimation of Land Surface Temperature
Under Cloud Cover from Thermal Remote Sensing Data

ZHOU Yi', QIN Zhi-hao'?, BAO Gang'?
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3.Inner Mongolian Key Laboratory of Remote Sensing and Geographic Information System,
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Abstract: Land surface temperature (LST) is a very important parameter controlling the energy and water bal-
ance between atmosphere and land surface. Since it is difficult to obtain such information from ground-based
measurements, it appears to be very attractive by using satellite thermal infrared measurements to estimate
LST since it can be used for estimating surface temperature at global or local scale. Moreover, the estimation
of LST by using satellite remote sensing data is feasible. Cloud cover is a major obstacle to thermal infrared re-
mote sensing applications and remote sensing quantitative retrieval of land surface temperature. Furthermore,
cloud frequently exists in most time and covers roughly half the surface of the Earth even if the sky is clear.
This is the case especially in some regions of high latitudes in the north hemisphere, e.g. the tropics are cov-
ered by cloud for about 60% of the time. Therefore, the influence of clouds on LST deserves more discussion
and how to estimate LST of pixels covered by cloud on thermal remotely sensed imagery is one of the cut-
ting-edge research problems. In this article, based on the theory of surface energy balance (SEB), three meth-
ods, which are spatial interpretation adjustment method, the adjustment method by correlations between LST
and Vegetation Indices (VIs) and improved surface energy balance method, have been put forward for the esti-
mation of LST when the sky is cloudy. Moreover, the lowland effect of LST spatial distribution under cloud
cover and the method for the calculation of its intensity (denoted as SE) were also discussed. Generally speak-
ing, when SE equals to 1, it means that SE reaches its maximum due to thick cloud cover .While SE equals to
0, it means that there is no lowland effect in clear sky. SE is strongly affected by the cloud and surface condi-
tions. That is to say, SE is influenced greatly by cloud properties such as the time it appears and lasts, its shape,
thickness and height and surface characteristics. In normal conditions, SE reaches the highest at the center of
cloud cover, and the closer to the cloud cover margin, the less it is. Numerical simulation of the relationship be-
tween the intensity factors of the lowland effect and the image gray value, which is based on the SEB, is the

key to the practice of the three methods of LST estimation under cloudy conditions.

Key words: cloud cover; land surface temperature; lowland effect; thermal remote sensing



