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Abstract: Use of remote sensing indices to explain the changes and distribution in urban surface temperature has
become a hot topic in the study of urban thermal environment. However, there are obvious differences in
interpretation of surface temperature using the same remote sensing index in different studies. The reason for this
is that when we use remote sensing index to explain the land surface temperature changes, the spatial differences
caused by the interaction of different underlying surfaces are ignored. In this paper, we select Putian
metropolitan area as study area to explain the spatial difference of LST using the 2016 Landsat 8 image as the
data source. Three remote sensing indices were used for the explanation: normalized difference vegetation index
(NDVI), normalized difference building index (NDBI), and modified normalized difference water index
(MNDWI). Then we use GF2 image to extract land cover types during the same period. the LST and its
relationship with remote sensing indices was anayzed for different underlying surfaces. Then we use the OLS
and GWR methods to construct the remote sensing index-LST model, and analyzed the spatial autocorrelation
for model residuals. The results show: (1)The underlying surface has a significant impact on LST. Due to the
continuity of the geospatial space, LST appear abnormal changes between different underlying surfaces. For
example, the high temperature area is mainly concentrated on the artificial surface, but LST drops near water or
forest lands as compared to its values on pure artificial surface; (2) NDVI and MNDWTI have different positive

and negative correlations with LST in water area and non-water area due to their own value range characteristics,
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while NDBI shows a stable positive correlation when quantifying its relationship with LST. (3)Compared with
the OLS model, GWR can better explain the relationship between the remote sensing index and LST by fully
considering the spatial difference. Through the spatial autocorrelation analysis for model residuals, there is an
aggregation of model residuals under OLS, while the model residual under GWR shows a random distribution.
Compared to GWR, OLS has stronger spatial limitations in describing he relationship between remote sensing
index and LST.

Key words: Land Surface Temperature (LST); Normalized Difference Vegetation index (NDVI); Normalized
Difference Building Index(NDBI); Modified Normalized Difference Water Index (MNDWI); Spatial Heterogene-
ity; Geographically Weighted Regression (GWR)
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Fig. 1 Study area-metropolitan area in Putian
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equation under several standard atmospheric models
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Fig. 2 Classification results in the study area
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A 3 ) R S5 ASE I, A A A A =2 [ 1% ] B AN IR T
100 m Ay SEAMl L, BF5E X N AR 8 778 1 BEAIL AL, $EHL
FE 5 ) NDVI .NDBI .MNDWI 5 LST {8 , JT] LA A Hf
ST IR EE . 7E Pearson K 5 /0T A FEAE [, F
17 OLS 152 2 g | 450 U 14 % B F ArcGIS 10.4 52
LA RILE 2,

HRAE 2 2 T DL 3 3 ARl i | JE-F NDBI A4
FYRE I R i 5, 35 51 0.59, NDVI-LST B B 1y R* g
0.31, MNDWI-LST [ R j& 3 FB A v i AR, A
0.25, XFH: Pearson Z0Afr4s SR Al 1, 7E A% 18 R H#
PR 5T 55 1SR E 25 ) S5 BURAAE AR R NDBIL S
HiL R A AR OC PR AR AR T NDVI,MNDWI 2 541, # £
[ OLS BRIt BT Sy ] &g

FER HE GWR BT 2 Jif , 1 S X 4 S50k T
Z3 (0] F A DG AT, DA DR 25 > S8R A 28 [ A OG
RERE A FH GWR BLRIHEA 7407 , £ S 80025 1] | A G
SIHTAE RN 3,

#z3 ZTHEIEHEXDNER

Tab. 3 Spatial autocorrelation analysis results

LST NDVI NDBI MNDWI
Morans'l 0.96 0.72 0.63 0.71
V4 177.03 133.06 116.86 131.65
P 0 0 0 0
Type Clustered Clustered Clustered Clustered

T o X M ek 5 0 SR BG4 T 2 [R] E A DG A B
AL B, TG R M, 8 2 3 i SR A, AR A
A Bz A, Hp LST HA m gz
[] H #H5% , Moran #8835 21 0.96 , il i P{H 5 Z 15957
AT LLHISE , MO A 20 A 7 b B2 i) - BT F 4R
R OFFIE . XF T 3 Fhv i J& 45 %0 : NDVI,. NDBI,
MNDWI H: Moran 4§ %243 5115 %] 0.72..0.63 ,0.71, 1
FHH R R 2 A @A OC, KPS Z 18 R A B
7 M 3 i SR BOE o B S ) R E S . LST
5 308 RS O L A () () B TR v R (1) 25 ()
I AH AT A 5T X A 3k T 223 B) A5 SR 5 b gl oA
RV B IR X, AT B S A I RN o TR
T H A 7 2 R 3 T 208 KPR e 28 2 3 i A T 3
DX INIE R IX. , 55 30T v B A IR OE ol fi
FHAOXT EG . PRI GWR BT LA FH 3 Ji g 50— i 1 1)
XK BRI 8 A S0 GWR A 73 5L T ArcGIS
10.4 SC 9, 38 31 22 U356 1) ATC B X L, d5e 24 2
P8 A 400 m, ARAILE R LK 4,

FETF ArcGIS 10.4 443 GWR AR A | R [ 25 i
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F4 EREH-HIRA GWRIREL
Tab. 4 LST Model based on remote sensing index(GWR)

e MUEE3
H/ME(Min) - Fe K (Max)  #J{f(Mean)
NDVI -13.07 3.49 -4.70 0.83
NDBI -1.32 21.65 9.56 0.87
MNDWI -4.53 15.08 4.87 0.83

MR BORJE I E . # 4 TPIET GWR B 2 )
NDVI-LST #5 , 2 e/ IME A -13.07, e KIE A
3.49, RWINDVI S LST I A— HEIGARE, A5
6 FNDVI5 LST (AHMEAR L, HARF T OLS #5i
LR S . NDBIARLY) R 80w/ ME -1.32,
FRAE N 21.65, BRI R 4 0.87; MNDWI R 1) 2 %k
e/ IMAR-4.53 , R MH K 15.08, I R4 0.83

3.4 OLSHREIS GWRIREI N} b

SE PRI G R AIC W8 RBUR AL IE R
R* FE 25777 FI(RSS) , XJ 4 4 1) OLS £ A1 5 GWR
BRI EAT oA o IR XA A [ )= 5% 22 30045 25 8] F A1
KA BT, LIRS (1) 5% 22 & T REAL o A R A
TR AL (Y e R S TSR . ATC fHAE Ry B S A 7Y
PERERYH Z AR AR, Al — 22 5 T, HA AR AIC A
RIREAS T 4 1405 LI S8 5 ThE RER HE &
BR W /R AR AT S, — 1Tl & R Adjust R?
7 e 2 T AR AR R 5 RSS AR FAR AL (14 5% 25 -
[l —7A8 5 T, RSS {H B I , BEAUER LT . X580 ) [n]
VAB% 25 04725 (8] F A OGS, AR pr 25 1 R SR 4
o B HOIR S ) e m AR R 25 JL O R BEAY LA g
RIS,

45 GWR 5 OLS &S (X b, v LUK IR, 78
% R M RS (] 22 SRS 0T, B B SR B R A
Hi R RO A R PR . KR ALC HEI 2
AMBERY 1) AIC {EAH 22 KF 3 1), AIC {H IR i 5 72
WCR T, X 3 FhiE 8 4 NDVI .NDBI ,MND-

WL 5, H GWRALH 1 AIC {EAH%% OLS #5753
HE /D T 2 707.92.,480.19,771.06, /R FE T GWR
TR B R A A i 2 0 . R TE—E R E
NI AT SEVE RS BE , AT LB B AT
OLS #i , GWR 5 F , NDVI . NDBI, MNDWI
1R EA BRI, 24 1 :0.51,0.23,
0.54, FoR BRI REEEA T BRIP4 T B g ]
SEPERGTR . 5257 RN R AL EAR R R
ARRI AR T, 5% 257 5 IR, R B AL (4815 4%
B, GWRAERIT ,NDVI )55 225 J5 FIAH H s
DT 3565.46, 1N OLS BB 1) 24.87% ; 1fii NDBI 1Y
5% 227 J5 FIAH B2 /0 T 1817.64, Sk OLS #45 AU (1)
32.8%; MNDWI %5 25 F- 5 Flig /L 4039.59, 24 OLS
TR 22.96% , SU A FEEEARAT B R IHE Tt .

AR [a] I 5% 2 1) 25 18] [ A3 5 70 Brx Lt a]
PLR B, HE T OLS A4 g (A5 10 | L[|l 9 7% 2 7 A 1
AR AR FROR OLS BEAL T | | H 8 J8ds B0 132 b
MEEA 2 [ R PR . T GWR AR [ (1) 5% 25 4341 S 51
BEMLAFAE | 275 GWR AR X6 1] FH 328 JR 4 0 ft 152 1l
T2 [ AR A AR, B AR RICR

4 4he

AHFELL G s R i S S R S
Landsat 8 Jz Jii{ (1) Hb i B -5 12 18 B8t , o
HTHT 5 0T MR Y S TR A R . S R OLS
5 GWR AN 18 SR 55 W i G &R L R
THE RO RTEAS W43 A L B AR FRRARE . E
BEEBUT

(IR PREE T, T 1 288 Y2 52 e i i b ek
AR EZNER . Hrp AN TR A
PRV, IR T I RN Y EETTER A &R
FAI A R, e B A O PN 3 b i (N T 3% 1T
JRAA ) By 5 TE AR LE 5 SRR B A G R AT LR

#=5 EFERIEHAHE OLS#EE S GWRERZIH 2 ELE

Tab.5 Comparison of model statistics between OLS and GWR

Model R4 AIC R? Adjust R? RSS [8])95% 2% Moran's T V4 P K
OLS NDVI 3620.75 0.32 0.31 4745.81 0.43 24.86 0 Clustered
NDBI 3207.18 0.60 0.59 2788.98 0.33 18.86 0 Clustered
MNDWI 3698.29 0.25 0.24 5243.22 0.46 26.59 0 Clustered
GWR NDVI 2912.83 0.83 0.77 1180.35 -0.002 -0.03 0.97 Random
NDBI 2726.99 0.87 0.82 917.34 -0.01 -0.53 0.60 Random
MNDWI 2927.23 0.83 0.76 1203.63 0.002 0.19 0.85 Random
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PR, X P9 N T2 10 BT 5 H 95 R ELAT st oG
R, DK P N T T T R R K 10% , DX S8l iR 4
1 0.4 1K MRS 5 7K A ELAT B I i) 3 TR0, AR Ui
AR A B A DX I P K AR bR T BT o BB T
MGG, SR LR PR A

(2)NDVI A MNDWI 5z [ S I8 P19 520,
HOIF (5 Tl A R AE T 5 B —Fh P R4S
B U NDVI<O i, — B2 AE K AR PRk sth R R i 2
£ Bl & NDVI (1 34 < 0 34 i, &2 3 IE AH G
1M NDVI >0 i, — R AR IE AR IR, I H AR S
LB P3G I AR DA 55 1, MR S WA, 2
A, MNDWILEAT IR G . FER ERL
X Z& T, NDBI £ fiF #b i 28 £k 0] 22 fit F NDVI,
MNDWI, 5 b &7 S BB I 1E M A G, 22
ANIE T SR/, PR, 1 NDVIL.MND-
WIHE AT M IR AR SRR AR B, 0 78 40 % e H R i
AL HAH O R 52

(3) GWR BE R K] O 25 [ T 328 B B 7E R AE
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