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Spatio-temporal change and influencing factors of land surface temperature in
oasis urban agglomeration in arid region: A case study in the urban

agglomeration on the northern slope of Tianshan Mountains
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Abstract: Based on MYD11A2 time series LST remote sensing data from 2005—2019, firstly, the LST was classified by
the mean standard deviation method, and the spatial distribution pattern of LST in the urban agglomeration on the northern
slope of the Tianshan Mountains was analyzed. Secondly, Sen’s slope analysis, Mann-Kendal trend test and Hurst index
were used to reveal the changing trends of LST in the urban agglomeration on the northern slope of Tianshan Mountains from
2005—2019 and in the future. Finally, the main influencing factors of LST at multi-spatial scales were analyzed by the

geographic detector model and comprehensively considering land cover, climate, socio-economic and topographic factors.
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The results showed that; (1) Turpan City in the urban agglomeration on the northern slope of the Tianshan Mountains was
the main cluster area of high temperature (HT) and extremely high temperature ( EHT). The LST patterns of daytime and
nighttime were quite different. In the oasis area, it showed the typical characteristics of cool island in the daytime and heat
island in the nighttime. (2) The warming rate of LST was stronger during the day than at night, with 0.04 °C/a and 0.03
°C/a during the day and night, respectively. In Urumqi City, Changji Hui Autonomous Prefecture, Shihezi City and
Wujiaqu City, LST showed a significant increasing trend and had the same trend in the future. (3) The main influencing
factors of LST were different at different scales. Climatic and topographic factors are the main influencing factors of LST from
the scale of the whole urban agglomeration on the northern slope of Tianshan Mountains. From the city scale, the main

influencing factors of LST in Shihezi, Wujiaqu and Kuitun cities are socio-economic factors.

Key Words: land surface temperature; arid area; northern slope of Tianshan Mountains; urban agglomeration;

influencing factors

o9 i J& (Land Surface Temperature, LST) 5200 fifi 5 RS 0] e 3 e A/K PG IR FE A0 QR R 25, B /2
bR RE RO BRI UEAEK B BRI T A AR R LUK R A R K I
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SORRAERH R AR M 3R B 5 15 B 09 18 BOL 15 5 £k, W IH — fb AE 4% 45 £X ( Normalized Difference Vegetation Index,
NDVI) JA—1k 7K 4448 %4 ( Normalized Difference Water Index, NDWI) 1 I3 — fk & 5% F1## + 48 %0 ( Normalized
differential build-up and bare soil index, NDBSI) Z#B5 LST HBERLRERR Ak, — e R R A
WE ARGt 25 R R WAE R I LST 28k it e il 5 Rl 2R E R i, 4k 5
LST 2 B FH MR A% EH N A SH ( Gross Domestic Product, GDP ) FIfEMFAE A\ ZE1E 5%
JERFE S S BOIRBL B AT SC B S LST A& % DI OCHE 2, I Ak M4k A 2238 & L O = R
(Aerosol Optical Depth, AOD) 55 LST A % f BERIAI IR ™ BRiMT, B4 A 5T 4455 AOD X LST 541,
— BB HA ) B R |, AR K BB S 5 R R T LST MiFseh

FELMEXT LST W58, ATTH 8 K06 T Landsat R84 , 36T 5202 B ] Wi (& kaf it 5E it Z1) |
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220 18 2 B S RO B BR ] RLECHCME A R B LST R AT 4 21 RS ny Wil . 76X 52 el PR &R it e v, 2
DA B 2 P [T U AR 2 A S 5 5 R AR A B 22 AN S e PR 386 LST S, AR T, 57 B4 9 e M 1 A6
RUTCH: 850 a7 25 52 M PR RN LST A e RE 5 HIC k23 B A [] 52 i PR 2% e [ 4 FH P 6 ST ) 52 Wi 60 52 Wi
RZEPVERIDCR . MAh TE2m I 3R e I 2l R 55 K & | = St S S R AR RN 42
%5 R, NI, AR ST e I ]2 R v L2 ) 20 H 240 g MODIS Kl , R 5T LST 119725 8] 43 A7 A% Jay T
2SR AR TG A T T W R | N FH BRI #8545 Y ( Geographic Detector Model, GDM ) A
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Ll AG I IR T A E T SR Ry 2 3R I b X A SRR 5 | 400HT SRR A T AR Sl e A1 R A 2 2 5 R 11 s A%
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1.2 BRI A ik 3

TEA BF 5% 1, 2005—2019 4F (% LST % 2 % ] = ™ = e
MODIS Aqua LST 7= 5 MYDI1A2, % 7= & & i MODIS
55 31,32 JE 8 A RLL A% Bris F o 240 A R T
2SS 1 km, MYD11A2 $0di 2 h 8 d (ng4s
LST 23 A B-F- R A5 218 & LST 77 i, g A &k
ZEMFE, 2 O LT — R R RIE, ARG
B, B2 N T X s sk R Y LST A58

e R 2R (Y B A, MR A S A g 20 Rk
PRI RAFYE AR 255 58 T 3R 5 I &= AR
H#E MR R S AR R, &8 7 LA
JH/+ 178 55 (Land Use/ Land Cover, LULC)  NDVI,
NDBSI  f#7K (AOD % [B] 4] % . GDP | A\ 1% i DEM Al
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43°30"
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YEBE, NDVIFl AOD $fii 43 I3k [ MODIS A5 5L w * . o
P MYDI3A2 Fi By b S 1O 2% I8 B 508 7 Bl HREFER
MCD19A2, NDBSI ﬁ%%%? MODIS iﬂ%ﬁﬁﬁ%ﬁ% Fig.1 Overview of study area

MYDO9AL THHEAF 8] (BRI 005 2.3 95) . GDP

FN F1V% BE R ok 1 v R} 2% B 08 R R B8R 2 5 800408 P 0> Chitps < //wwwiresde.en ) o = A FH/ 4 b 7 25
B H Yang 5V A= 1990—2019 9 30 m 324 A B 4 # 36 AE 4, ACHF 50K H R 43 28 S B b b |
K F T b R AR P A 6 R AN BB Sk B T K R s R 2 A G (Chitp ./ data.
tpde.ac.cn) B2 F FERT S Bl ABFSETHR T HARF I8, AT OGBS 2 i 38 RS RLZ2 07 Mk R 4%
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.
1T 4 Ff MODIS ¥tdfs (LST .NDVI NDBSI, AOD ) FIR AT S Kicdi i C 285 1000 i BEE 4, Bl
e, R A 52 48 B8 & = 113 F- &5 Google Earth Engine ( GEE ) 2R 58 BB 14 07 156 F i 8 45— &R 9 TAE
F1 HIERFBEMEERR
Table 1 Details and sources of influencing factors
e T S 2 A% /m it BT
Types of influencing factors Influencing factors Resolution Time Access
MR G R LULC 30 2019 hitps ://zenodo. org
Land cover factors NDVI 1000 2019 GEE
NDBSI 500 2019 GEE
a3 FEK 1000 2019 http://data.tpdc.ac.cn
Climate factors AOD 1000 2019 GEE
Mz R BRI 500 2019 GEE
Socio-economic factors GDP 1000 2019 https : //www.resdc.cn
UNEE:iS 1000 2019 https ://www.resde.cn
R DEM 30 — http://www.gscloud.cn
Terrain factors ez 30 http : //www.gscloud.cn

2 WRAGE

2.1 K53 IR R AR

ASHIFGE R FH B R 1 22 D M 3R BE R0 43 5 A5 A5 =1 iR ( Extremely high temperature, EHT) | {5
i (High temperature, HT)  H1{& ( Medium temperature, MT) AKX ( Low temperature, LT)  HAKIE ( Extremely
low temperature, ELT) %75 ¥ A FI 4 {8 5 A W] b5 4 22 15 Btk 17 406 BB B 4F 9 R AE LST My 46 b v 5 i 3l
P BRI S AN 2 iR

x2 MREBEZERHRSIRE

Table 2 The classification standard of land surface temperature levels

it B 45 4 R R RS54 R A

Temperature grades Basis Temperature grades Basis

=i Extremely high temperature T>u+1.5std KR Low temperature u—1.5std < T<u—0.5std
il High temperature ut+0.5std<T<p+1.5std WA Extremely low temperature T<u—1.5std

fhif Medium temperature u—0.5std < T<u+0.5std

T MR XA, u R FEIME , std MRz

22 BHEIHTE
2.2.1 Sen’s FLRHA Mann-Kendal ( M-K) FEE-Y oL

Sen's F A I3 M S — R Al BN [R) PP S0 AR AR R 410 U i o B AR SR 3 e B 1] 81 T A A 4 T
i Z TR P RERE R 5 BURE SR (W LA R 28 fh ks 3 RE A5 50 1 IR AR B (B RN S (B s i 313 A 5K
k.

LST, - LST, o
Slope = medium| —X———* Jj >

— (1)
j—i
FH medium ﬁEXEF'{EI‘ZI%&;LSTj 1 LST, AFERF ] P8 Hh a7 A 6 Bk 220 A URIIAEL ; 24 Slope<0 B 327 TR H,
Slope>0 My 7R T #

M-K FASAG I —FRAES B I J7 , B % 5 Sen’s BERAMTLE A6, T2 ARt 3 Y
HOR R R AR E TR R GE i A & Z SR o By BRI BT .
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oS- S>0
Vv Var(S)
Z =10 S=0 (2)
_SHL o
v/ Var(S)
A Var(S) R S B 2%, S ITHREARH .
S = "2" i sgn(LST; - LST,) (3)
3 sgn(LST, - LST,) AAF& R, HRBA T .
1 LST, - LST, > 0
sgn(LST, = LST,) = 40 LST, - LST, = 0 (4)

-1 LST, - LST, < 0

AHFFTHL 95% F11 99% 1) &5 BE /K-, BI2Y Z=2.58 BY Z<2.58 I}, 2 AL ¥4 it 8% 5 1.96 < Z<2.58 &,
-2.58<Z<-1.96 i} , b4l B 3 WA LR A B3
2.2.2 Hurst 18%%

FF FEARME2E (R/S) BY Hurst F5 %, B8 13 S WEFT 5 BB 50 (R A 056 2R, St ) sk 1] e 371 A R 1) AR fb 1%
BT RIS A Sen's BFEAI M-K FABKEIS, vT FH T 04T LST AR A8 fbi#a# . 24 Hurst>0.5 B, B LST
AR P RRER M, RIASR A b B 34545 1T BE-5 BRAEAH ] 5 Hurst < 0.5 B, B AR LST AR fh i $45A1f
FE RGBS L AR R R AT

R T AR5 HT LST M Ab R SRR ok AR {3, AT 5244 Sen’s 4843 HT  Mann-Kendal #3546 55 Al
Hurst $880AS5 I TEINAHT , K153 T AR RIS, £ 3 41T BARERI5: 54

R3 THEBHHERGMEREX

Table 3 Judgment conditions and grade definitions for changing trends

REER Z 8 R AL RHE Z (55 Hurst F840 KA AR
Slope and Z value Trends Slope, Z value and Hurst index Future trends
Slope<0, Z<-2.58 ETE A 20 Slope<0, Z<-2.58, Hurst>0.5 Fho W E R AT
Slope<0, —2.58<Z <- 1.96 AR Slope<0, —2.58<Z<-1.96, Hurst>0.5 R ERRAIT
Slope<0, —1.96<Z<1.96 PNTE 20 Slope<0, —1.96<Z<1.96, Hurst>0.5 FREEAR BB RRAT
Slope>0, 1.96<Z<1.96 NTE S N Slope>0, 1.96<Z<1.96, Hurst>0.5 R8N E T
Slope>0, 1.96<7<2.58 ETE Slope>0, 1.96<7<2.58, Hurst>0.5 R E T
Slope>0, Z=2.58 TE S N Slope>0, Z=2.58, Hurst>0.5 FRE W E T
— — Hurst<0.5 AR

2.3 MR T EEFEECNDBSI B
NDBSI & Hu' ™ %5 7 45 H ) — B 52 1 3 < 4k B 00 B LR A, B A2 2 T A S5 40 ( BT, Built—up
Index ) FIER T IEHEEL(SI, Soil Index ) SKT-FIE LA I ALAYT X AEECAT ARG T AL 5 4+ R A S0AE 9 1R 58 Hh 3%

R T
NDBSI = (IBI + SI) /2 (5)
2Bswir Bur | Bower

o _Bov B Red+BNIRTﬁ(;ree.,+ﬁSWIJ
2Bswir P Bo j

- T
BSWIR +ﬂNIR Red +18NIR BGreen +BSWIR

(6)
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_ BswintBrea) = B +Bi.) 7
(Bswir *Brea) + (Big HBrue)

', Bred Boreen Brtue Brin M Bswin 73752 MYDOIA1 B YL &f K G LLAM 1 R ZIA 1 BB U3,
2.4 MR ERAAY (GDM)

GDM & —Fp B T23 [0] 43 S PERRAE , TR ZE UK SN ) DR 3R 0 28 () e i 2R 78 | 38 5 000 B35 b 3 282 3% 2 ) ) 25
] — SO AR R 3 L 2 ) ) ST AR B, 5 3P0l B 1 b P 38 22 [ P 4 M AR 58 A L 2 ) 15 0, b BR300
RS TR TR A8 ELAE I | IXUBGA0 R A 25 0 DU A 7 AR fek P PR 458 0 R 5 4400 7
BEYe P40 T RGBS e PR 38 X LST Al B 7, A8 B AR T 4R 58 5% e PR 3 22 () 2 [m] /6 I s, % LST
(SR L K s e R 2R 22 [ VR G &R
241 HFHM

PRI 40388 3 100 PR A e (U PR 3R ) FE 2 KRR i e 1 B 78 i (LST) A %5 [H] 43 SRR 2 £ A 78 e xof
PRI AR B I SE A, 2 AR BE 1T ¢ ROk ik, (AR .
2 :=1 N, 7
Tva (8)
K h =1, -, LA RSHEAR R0 XN, M N 53050002 b A4 X RICEG o, F o 505 AR
HIEJE h MIEX )%,
242 ZZHEEM

A& HAE R TR B R AR G 22 6] 22 BAE A, BIPPAL [ ARG X1 F1 X2 e [R] /5 FH A X6 RS 5 1) i
FE R S s s/, ST PR AR 2 e e 5 A BT PEAN T R ST S AR A AR X1 X2 R A
M) q B :q(X1)Fl q(X2), LA A2 B g (H.q(X1NX2) SRJEXT q(X1) (q(X2) Fil ¢(X1NX2) 4T
oA, S A AN R s BAE RIS AL, BARSE BAR T2 A DL K] 3 o ] L3R 4.,

SI

q=1-

R4 TEHERAEBRHWIRAE

Table 4 Types of interactions and judgment criteria

ZEHAEJHZET Interaction types FIWARUE Judgment standard

FEL I8 55 Weaken, nonlinear ¢(X1NX2) <Min(q(X1), q(X2))

PR FAR M55 Weaken, univariate Min(q(X1), ¢(X2)) <q(X1NX2) <Max(q(X1), ¢q(X2))
ST Independent g(X1NX2) =¢(X1)+q(X2)

XLFFH4 3% Enhance bivariate ¢(X1NX2) >Max(q(X1), ¢(X2))

JELE P93 Enhance, nonlinear g(X1NX2) >q(X1)+q(X2)

Min(q(X1) ,q(X2)) A q(X1),q(X2) FiF BN ; Max(q(X1) ,q(X2)) K q(X1) ,q(X2) PAEBER K ;¢ (X1) +q(X2) K q(X1) ,q(X2) FH#H
KA

3 ERAMm

3.1 B LST M7z [B) 43 A FRAE

R T AR SR  ARBIEST L 2005—2019 [ R AR B] A F-SIE R A3 B i A5 [alAS Jm 25 5 . INESE SR AT AT, R
LA T R 1 R R ] 1Y) LST 5[] Z3 A A% SR AEAE I i 22 5 (18 2) o ZEFI K LST i FI7E-12.62°C 3] 42.62°C
ZI8) EHT F1HT Y55 2540 AT AR o5 2090 R 2.23% 11 33.19% ; EHT 1 HT #f B0 A fEnt &% 1 N, EHT 4
RAEFEARIEAR VDB, ELT H1 LT BT & 235000 8.69% A 18.219% ,ELT F: 2734 75T IX P jE i1 2% Al
FP ) R L LKA YRR M X, LT SR B A M AE ELT A0 AR R L L fik A 2 X %, EL 8 X S8 LT
AN S MT BT AL Bl PRI I DX 7E AR R 80k B B i 74 S R AIF . 7E B[R] LST S Bl 7E - 25.60°C 3] 10.57°C
Z 8] EHT A HT B AL BI53 510 5.97% 1 20.43% , 85 H K—FERAE R A & & T (H S A RH L,
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EHT {1 A 3 0K HL 25 6] 734 DY AL, S8 SR I 45 3 i A0 2 X385 100 HT A9 T AR 8T R T AR R 4/
AIE) ELT AT AR 5 LE AN 25 18] 20 A 55 R LP-J0 5 5 LT AR &7 05 L RAH Fe AR o B, , 3222 Sk ik
PAAE RS X5, R0 K& ELT ZERAIE AR T MT B¢ HT, R 4 Y DX S 7 1) 3% B0 ) W Jd A 4R B RR A1E
SOBIARE, KLY R AR AY LST A% 5 LA MT H1 HT g 3=, {H AR DX Ik LST 4% J5y 5 4 W] 4

160 km

Hi IR LST/°C MR SE LST/°C

B -12.62—10.99 (B &35 > B -25.60—7.10 (B )
B 10.99—19.50 (Ei3R) B -7.10—2.91 (F5iR)
[ 19.50—28.01 (i) 1 -2.91—1.27 (i)
[ 28.01—36.53 ({&IH) [ 1.27—5.46 ({£iE)

B 36.53—42.62 (FRAIE3R) B 5.46—10.57 (AR

2 2005—2019LST £ &M= @57
Fig.2 Spatial distribution of LST grades from 2005 to 2019

3.2 ARV LST WAL 3

2005—2019 4F[a] R I A3 T #F 9 4R34 LST 78 11 R R 18] 38045 — 22 1 317, (H S 1A 522 5 A s 34
(B 3), WM HEARTE L6 R 3 2RI & 0 3, #5354 0.0122 C/a F1 0.0206 C/a,
M SG( Savitzky Golay ) -1 W45 KK E , FH R IWIE 85 & 4% ,2005—2008 4 [AIF 5% X 1972 LST 77+ = 5
2010—2011 4E[A]FEAIE SR 5 X 3, o 7E 2012—2019 4E A FETE 22 R Ik 3h . 7ER 8], BF5E IX 1 44
LST 7£ 2005—2007 4F-[A] 7} 5 ;2007—2011 4F[0] MFFAIK;2001—2016 4F T e fa R R

co AERPHLST —— SGH —— dibkiEdh
250 ¢ 051
b |
o 24.5 ot
£ 240
7 .
3 05
o0
®E 235 .
B 2 |
g -10}t P\ 7
£ 230 / X
g o b
< v
225 )
=}
o [m]
22.0

1 1 n 1 1 I 1 I _2.0 1 I 1 1 1 1 1 )
2006 2008 2010 2012 2014 2016 2018 2020 2006 2008 2010 2012 2014 2016 2018 2020
Ay Year

B3 2005—2019 £F3 LST MEUES
Fig.3 Variation trend of annual average LST from 2005 to 2019
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3.3 LST WyaB s fbRAE

M Sen’s BERT IR AKTE (K 4) ,2005—2019 4[], R H RIE SRR, RILIETRE LST 8 H
T AR TR &7 F Y3 8 T RO R A 1 AL L, I B R Y R BN T R, AR, AR T
-0.69—1.02 C/a Z i), FIIEH 0.04 C/a, T -EEHEME T L R 69.87% , 7 A FEAE SR AL b
9 30.13%, {ERZIE], B AHAE-0.25 °C/a—0.54 °C/a Z[0] , FHI{E N 0.03 °C/a, 8 T #a 3 il 1 FR
Fb>H 89.97% , 1 2 B AR AL 10.03%

>»Z

#H3/(°C/a) BR/(°C/a)
- 1.02 w 0.54
B —0.69 B2 025

SEXIME: 0.04 °C/a SEHJME: 0.03 °C/a

0 100 km

| I

4 2005—2019 £ Slope = B4 78
Fig.4 Spatial distribution of Slope from 2005 to 2019
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Fig.5 The changing trend of LST from 2005 to 2019
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Fig.7 The future changing trend of LST
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Table 5 The ¢ value of each influencing factors during the daytime/nighttime in 2019

BT INEE:) .
N Kk o ) B
{5 [] Time LULC NDVI NDBSI S AOD Nighttime GDP Population DEM .
Precipitation . . Gradient
light density

2019 A . . .

EF.H( 0.32*" 0.43"" 0.43"" 0.75*" 0.54"* 0.09 ** 0.20 "~ 0.23** 0.59 " 0.43""
2019Daytime
2019 4ER [

B 0.11*" 0.25"" 0.27** 0.61*" 041" 0.06 " 0.10*" 0.09 " 0.57 " 0.22%"

2019Nighttime
LULC: Land use and land cover;NDVI; Normalized difference vegetation index ; NDBSI; Normalized differential build-up and bare soil index; AOD: Aerosol optical depth;
GDP; Gross domestic product; DEM; Digital Elevation Model; * # %78 P<0.01
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Fig.8 The ¢ value of each influencing factors for each city during the daytime/nighttime in 2019 ( missing value indicates P>0.05, the result

is not significant )
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