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Downscaling land surface temperature based on relationship between surface

temperature and vegetation index
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Abstract; Land surface temperature ( LST) plays a very important role in obtaining the thermal information of land surface.
LST has been widely used to detect the agricultural drought, monitor evapotranspiration, and estimate net radiation,
sensible and latent heat flux, surface urban heat island intensity, precipitable water, urban-induced surface moisture and
surface runoff. However, due to technical constraints of remotely sensed LST data, there is a trade-off between spatial and
temporal resolution; a high temporal resolution is associated with a low spatial resolution and vice versa. Improvement in the
spatial resolution of LST image will be greatly important when the revisit time of satellite remains the same. To solve this
disadvantage, the aims of this study include the following aspects; firstly, to improve the original low spatial resolution of
the Moderate Resolution Imaging Spectroradiometer ( MODIS) LST image data (1km) to 500m resolution by applying three
relationships between NDVI and LST in TsHARP ( An algorithm for sharpening thermal imagery) method; secondly, to

EETH . EH %K 863 11415 H (2006 AA127142 ,2006 AA120108 )
rfE B #9:2010-07-16; &7 H#7:2010-10-18
# MIRVEH Corresponding author. E-mail ; wjj@ bnu. edu. cn

http ://www. ecologica. cn



4962 A E = 31 &

assess the accuracy of each downscaling model based on qualitative and quantitative analysis with synchronous Enhanced
Thematic Mapper (ETM) LST data; thirdly, to examine whether the TSHARP downscaling method is applicable and valid
in special and particular land cover types in China. The northwest of Shandong province and south of Hebei province in
China were selected as the research area. Then we utilized the TSHARP method to downscale original 1km LST image
(taken on 9", September 2004 , provided by MODIS sensor) to 500m LST image, given that MODIS can offer very high
temporal resolution image. In order to validate the simulated 500m LST image, we compared the simulated LST\; . s
image with the synchronous 500m ETM LST image generated from 500m ETM band 6 radiance by Sobrino technique, and
the 500m ETM band 6 radiance image was upscaled from the original 120m ETM band 6 radiance image. Qualitative
comparison results show that LST) ¢ o, images visually capture more spatial details than LST\ s ., and resemble more
that of LSTyy s00,,- In the downscaled 500m MODIS LST image, boundaries between different land covers are highlighted.
When compared to 500m ETM LST, statistical results indicate that the Mean Absolute Error (MAE) in 500m MODIS LST
generated by the downscaling techniques ranged from 0. 536°C to 0. 752°C. Quantitative comparisons of the three
downscaled LST} o5 s, images and LST o, image show that Root Mean Square Error (RMSE) are 0.786°C , 1.002°C
and 0. 754°C, respectively, with method 3 (i. e. vegetation fraction is linearly correlated to 4th power of LST)
corresponding to both the lowest MAE (0. 536°C) and RMSE (0.754°C). The variance (S’) of method 2 (i. e

vegetation fraction is linearly correlated to LST) is the highest, which shows that method 2 captures more spatial details of
LST\ 1y soom- Considering the mean values of different methods, the mean of method 2 is also the most consistent one to the
mean of the LST s.- As for the LST accuracy, an RMSE of 0. 754°C or 1. 002°C is regarded as reasonable and
acceptable, given the change in the spatial resolution of the MODIS LST and the potential sources of error due to different
sensor properties. Above all, all of the three methods were found to substantially achieve good performance and produce
500m LST results with the high accuracy and improve the spatial pattern of the 1km MODIS LST. The downscaling

techniques were proved effective and applicable in our study area.

Key Words: downscaling; MODIS; LST; NDVI
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Fig.1 Map of research area
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F1 AXHREABNEIETIF
Table 1 Data sets used in the thesis

Bl AR 29k 3l T B[R]
Name of data sets Source Range Time
Landsat-7 ETM hitp : // glefapp. umiacs. umd. edu HiES 122/34 2004-09-09
MODIS % H 5 37 NASA EOS Data Gateway HiES h27v05 2004-09-09
MODIS 4§ H i 2 5 BT 5 NASA EOS Data Gateway HES h27v05 2004-09-09
MODIS 178 35 7= & NASA EOS Data Gateway BB h27v05 2004
MODIS KAKIET™ i NASA EOS Data Gateway HIES h27v05 2004-09-09

WS P FH 2 Landsat-7 ETM 3085k [ 36 [ B 2% 22 50 20 =2 W, s AR ) (8] )2 2004 429 H 9 H
10407547, HE S 122734, AR R A R IA /D= ZE T, T s, ses il R A ik, XF
FGMY Level 1 B 2 4w B b , A FH WU TR AE DT 4% ETM band 6 60m 23 #ER EE T RUE £ 500m , 2k
FH Sobrino ") $ H 1) B TE B4k S A 1] ETM 500m M 318 E UR , 1% 05 b B2 50D ARBU 31 5, LA
FERTE (R 15K UN) .

http ; //www. ecologica. cn



4964 A E = 31 &

5T s g A MODIS 32 %5085k H T35 NASA EOS Data Gateway ft MODIS 7= f 4% 2004 49 H 9
H EAFBTSE X 500m 23 BER RS 387 5 (MODO9GA ) |, Tkm J3 B384 H 14 I 5 7 & (MOD11A1) , 1km 53 #¥
K MODIS + 7 25 72 5 (MOD12Q1) , 1km 4335 MODIS KA /K VA7 i (MODO5 ) (S i ETM 26 15 7= &
ARPIIRNSE) . DB g U I RS IE S EE, 7T DL TR0 RO R I E 7 4
W B, AR SR R R 50 158 T VA —ARAB 4545 20 ( Normalized Difference Vegetation Index, NDVI) .
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KA p, p, SR MODIS fE RGBS 055 1 B (620—670nm ) , 55 2 B (841—876nm) , MODIS 7 i 5
ERIBERE A IESE B, AR SCH A NASA B & 1) MODIS reprojection tool ( MRT) #5254 A Albers equal area
PR (PR BRI 110°, PIARPRIEER 2 db 2 25° L 47°)

2.2 TsHARP i R J5 ik
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THGHE BT TSHARP B3k 2B L SEA BB . R0 B R F5 50 0] 1) 26 R AE A U AR — 3,
MR A2 R AR R R AR N R O R R R Y (L MODIS ) -

(1) TR A3 BE3R % NDVI(500m) Fl LST(1km) . PL R A A 500m 18 NDVIL LST 175 Sy NDVI,,,
Tsoo 45 1km B NDVI,LST 85 R NDVI 0, Tyo00

(2) ¥ NDVI,, T FRFEGE] NDVI o , FIJH Tkm MODIS -+ 078 55 77 fi SR B i 78 55 2880 1) — X e, {R3E 1
VPR IGIC LA — | R B 35— 4 M 7 55 DX SR DI ) NDVI o0 1 T 000 S

(3) FEBEH KT NDVI oo F1 T TRITZ B ST NDVI 005 T IR L BI

A

T]()()()( NDVI, 4 )= a+bNDVI,yy, +CNDV]?000 (2)
(4) "TLOACK , T 00 2 () AR o AR 220

A T'1000 = T'1000 =T 1000 (3)
(5) FEFM, LX) 500m 43 FER A NDVI A1 LST 155K 3E H , IR s 25 56 31 4 5800 5 2= (A A8 5 3 W 19 12
22 ,%F 1000m R IC IS i 4 500m WARTT(i=1,2,3,4) G5 Ty AT AE R .

Tooo ()= Tyogo(NDVI (i) ) +A Ty, (4)
FEHEST NDVI RN LST WY R, P Z (8114 5C R I AN e 1) R R AR SCKE LST H1 NDVI AT REAEAE 1)
HEXRRIIT—EHET, I X ¢ RARF FHRIRE RS ik, DL ER G S 56 R IR S, BRI Bk, iR
JE S TR Z RIS RN .
T,=[ (1=f) Tyst/Ty 1" (5)
R, T 5 T 23 B EUG i+ S5 A g IR | TN MBI f R e 358 . MaR(5)
AIDVE S B T R X R B, RIBHBA RS 1, T MR BAAE
TE A 2 I, A A 2

NDVI_ —NDVI )%
f: 1 _ max ( 6 )
ND V[max _ND Vlmin
MEST T -f ol T-f R RE A .
NDVI_ —NDVI \*
T (NDVI) = 1- 7
S( ) ao +al [ (ND V[max _ND Vlmil’lj } ( )
NDVI__—-NDVI \*%®
T*( NDVI) = 1- max 8
(NDVD = aotan | 1=\ N (8)
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Xof T — R I 7 X AR, NDVIE B ROR e/ IMER— 2 1Y, PR bRl LARIAE R

T.(NDVI)=a',~a',( NDVI,, ~NDVI)"*® (9)
T*(NDVI)=a',—a',( NDVI,__ ~NDVI)* (10)
Hrp
a'y=ay+a, (11)
a',=a,(NDVI -NDVI )" (12)
9 TR — ISR, A NDVIL =1 ,NDVI,. =0, W= (9) FI= (10) AT AL .
T.(NDVI)=a',—a' ,(1-NDVI)* (13)
T'(NDVI)=a',—a',(1-NDVI)* (14)
25 b fE TsHARP B iy 3 20 Lty T R NDVI Z 119 3 FhOCER  XEI 3 Fiese RUBE 57 .
Vikr T (NDVI) = a+bNDVI+cNDVI (15)
ik 2 T (NDVI)=a',-a',(1-NDVI)* (16)
ik 3 T"(NDVI)=a',~a’',(1-NDVI)**® (17)
TsHARP ik R E (Bl 2) .
JE 4 MODIS 500m NDVI {4 1 >Q40DIS 500m LST l;ij{gz)
Y
JE 4 MODIS 1km LST Bl HERFEE 1km NDVI Elff
i y
#I ] MODIS Landcover 7= f FJ B MODIS landcove 7= 5 i
iy — - M K ot — LM T
, :
#)— 1km LST E#%& (¢ 5 #j— 1km NDVI [El{%
Y
3y tkm NDVI 5\
1km LST [ R &

2 TsHARP EiERiEE
Fig.2 The process of TSHARP model

3 ZEREITE
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P18 b IR UL, L 5 o U2 488 SR G 2, o D e RUBE 5 SR mT Sk . SR T A B e 5 12543 WL Y
PUBEBIE A E B GE T
3.1 REERERELIRXT L

MIE 3 E WM A BE T, B RUBE LST yomis soom UG BLAF I PRAE T IR LST yopis, 11 PR B 1L 22 1L IEE
e 18] E A A% R, PR B0 el FIMERIR DX W) 5 OB . (e [R) B =5 28 R 2 8], 55 U RS AR L I RLUE
LA B KRS 20 20 Y 4t 9 VR ) 2 1] 2 S ] — 7~ b 7 5 00 Dy 8 9 25 ) 2 S5 P A e LB PRl 1 AR B
o BT Y KA ETM B 23 )30 Fl FOE AT S8 XN Y — 3853, 8 T R TR RUBE Y LS Ty soo., PGB R
JEBT LST s so0m PG IE AT X HE B AIE, MUAIF ST DX A 2848 1Y — B ORV/INIE Hh 9 B0 TR IXC, 18T 4 Sy 36 30E DX Bz Fr
LST gy so0m PR RUBE LST 105 so0m PR, L 4 AT LR Y | B UE DX A B R RUBE LST s, 00, PR AT LA B2 31 ST
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I3 LST ey o0, FUEAEZS 8] LRI RO A5 8. o O TSI FE 70 A 98 E e RUBE 8GR, TN 1] 4 v 4 DU i €
Bty e — 2 5 AT

15—26 26—28 28—30 30—32 32—34 3436 36—38 38—40

B3 #W3RRX/E 1km MODIS LST (a) 52X 7k 1 B RE 500m MODIS LST (b) #3t X 77:% 2 B& R 500m MODIS LST (¢) IREXF
3% 3 B2 RE 500m MODIS LST(d)

Fig.3 Original 1km MODIS LST of research area (a) Downscaled 500m MODIS LST of research area by method 1 (b) Downscaled
500m MODIS LST of research area by method 2 (c¢) Downscaled 500m MODIS LST of research area by method 3 (d)

3.2 RERERE IR
hTE MW‘RF T3 R BIREEE , X BAIE DX LST oy so0m FNRREIRUBE 1 LST yomis soom VR HERT T — RIS 1T
T, G FEIE (Mean) ArifE2E (S?) , SUE IR REC(HAE LST sy soom P EE 1 LST o5 so0m KR, @
é&iﬂﬁ b B R YGE BB L X 25 (MAE) |, ¥ 5 i 22 (RMSE) o BR 13X 265 & Y G 1H S 8000, X5 T
Ternt soom TR IUBE B LST 015, so0m PG T B A BT (BT 5) |, 336 46 PRI AR B0 b (i 7 A =2 ) 8 R DG 1 5 B
fﬁﬁ%,ﬂﬁ%ﬁu F2 . AF2 AT LUE A R LST ons soom W EEE T LTy soon » U6 HH BT A B
FUBE 7k (R 45 5 S R v 1 3R 0 B 7 A A A D 25 85/, b ik 1 B3R A2 08 T LST oy so0n MBI . T
22 1 SMERK, I HARHE T LST 500, (1 A, LA 515 2 ARBFAFEIN T LST . s, 7225 1) E A 231 A% )RS
Fi?iﬁﬁﬁ@i&%ﬁﬁf*lﬂ ARG T, NERERLA IS EL a Al b T LI B R 1Y LST yonis. so0m A 1A KT
Tru so0m TEL, EFUE T 3 PR B LST yomis soom EIE IR T LST 10y so0m W FIMEL, 33X — St 1] DL AHICS 1] v 45
@Jwﬁﬁﬂo M MAE e LLE 575 3 19 MAE S/, BB 7 2060 7 AR RUBE R S LST gy so0m -3 2E(E N
0.536°C , [ R R 25 R AR BT T 92 PRy R TR RE AL, B RO ROCR & NIl . 53 4h, 75 % 3 19 RMSE 2y
0. 754°C , ZEFTA Ik, 5 3 P2 4E 19 RMSE f2/)v, MAE Hl RMSE 25 5 (1% 322 5 [H Sy RMSE X T-#% 3 {11
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15—26 26—27 27—28 28—29 29—30 30—31 31—32 32—3333—34 34—36 36—40

4 IHIEX 500m ETM LST (a) BWiFX /73 1 B& R EE 500m MODIS LST (b) IRiFX /3% 2 B& R E 500m MODIS LST (¢) BWiFKF%3
F% R B 500m MODIS LST(d)

Fig.4 500m ETM LST of validation area (a) Downscaled 500m MODIS LST of validation area by method 1 (b) Downscaled 500m
MODIS LST of validation area by method 2 (c¢) Downscaled 500m MODIS LST of validation area by method 3 (d)

SN BN vk 2 9 RPME—%(0.363) O 3 ki MY . R RPETIZ RN MR R R
ERBUSGE Z AR DR O SR R AT LS RO 22 R A X OB, RO(EAEAE 2 — 2 N5 77 A 1R R
MR Gh FR GBS EUNTHE , B —Fh Iy X R ) —Se 58 i R B RS B A X 7, — AR
B ARMEXT i 3 R vk 2Z [ A 2 B HE R (U R Bk, 3 Rl ik I 4B F S 80U H R R R 45
HBRAR A NI 25T 5 27 A IR RUBE LST yomis soom 3 S5 P 1Y L R UL B2 22 18] 1) 22 S AR/ — B M 308, AR
HY)ERER R,
%2 MODIS LST BRERENGITTER
Table 2 Statistical measures of MODIS LST downscaling methods

EINL 73S RO 500m ETM S FRIREEHIE/°C 500m MODIS Mo/ C S00m ETM th F ik Jy %
Downscaling method Pixel number Mean of 500m ETM LST Mean of 500m MODIS LST Variance of 500m ETM LST
Method 1 19380 27.997 27.862 1.042
Method 2 19380 27.997 27.802 1.042
Method 3 19380 27.997 27.814 1.042
500m MODIS Hb3 k¥ J7 2 SRR ¥or iR R ERES Y R AL
Variance of 500m MODIS LST Mean absolute error Root mean square error Intercept Slope Coefficient of determination
0.732 0.574 0.786 14.681 0.471 0.449
1.152 0.752 1.002 9.144 0. 666 0.363
0.711 0.536 0.754 14.182 0.487 0.509

Lkm MODIS b FIIME K 27.831 °C, 7254 0.715
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agreement gray line (1:1) is also plotted
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