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Abstract: With the continuously expanding of the urban areas and the dramatic population

growth, serious urban climate and thermal environment issues have occurred and attracted
extensive attention. High-precision and large-scale remote sensing monitoring of near-surface air
temperature in Xi’an city can provide reference for the improvement of urban climate, the
alleviation of heat island effect, as well as the creation of a suitable living environment.
Traditional near-surface air temperature monitoring approaches are confined when dealing with
complicated relationships among multiple factors. Taking Xi'an city as the study area, the
random forest (RF) models, which can integrate multiple factors and simulate complicated and
non-linear mapping relationship, were adopted. Through comprehensive analysis of various
parameters derived from Landsat 8 imagery and SRTM DEM data, several near-surface air
temperature estimation RF models were constructed, and the optimal model was confirmed by
performance comparison and evaluation. Furthermore, near-surface air temperature in Xi’an city
on May 16, 2016 was estimated, and the spatial distribution pattern was discussed. The results
show that among all the near-surface air temperature influencing factors, altitude has the highest
contribution to the estimated temperature of the RF models, followed by land surface temperature
(LST); both of them are crucial for the estimation of near-surface air temperature. For all the RF
models, the training set R is higher than 0. 916, and the RMSE is lower than 0. 467 C; all the
validation set R? is higher than 0. 726, and the RMSE is lower than 0. 840 C;
of all RF models is higher than that of the validation set, while the training set RMSE is lower

the training set R*

compared with the validation set; the training set R* of the optimal model is 0. 934 with the
RMSE being 0. 425 ‘C, and the validation set R* is 0. 795 with a RMSE value of 0. 783 ‘C; the R
and RMSE of the air temperature estimation accuracy are 0. 792 and 1. 055 ‘C, respectively.
Near-surface air temperature in the central urban districts of Xi’an city is higher than that of
suburban areas, and the mean minimum temperature, the mean maximum temperature, as well as
the mean temperature are higher than those of suburban areas by 1.54 C, 0.01 C and 1.76 C,
respectively. The near-surface air temperature in the study area is low in the south and high in
the north, and presents obvious spatial heterogeneity. Air temperature gradually decreases from
the central urban districts through suburbs to the southern mountainous areas, indicating a
prominent urban heat island effect.

land surface temperature;

Key words: near-surface air temperature; random forest; estimation;

heat island effect; altitude; Landsat 8; Xi'an

JACHE R S B AT R AR R

51 &

B R EH% L

VT R AR TR BE B T 1. 5~2. 0 m Y R AR
JE o A DR M 3 R IR B A I B R AR L I R R
R AR MMAFEA LR — BRI R G RAE
A e KR IR B AR A AR E 5T 2 e AT
T MRS A B R A A A
I 2l BB SE . RS BE R ] 32 3t 3 0l s 0 e
ARSI AR 7 U A S TS R A R R B
-3 E

G R LI R e e AR I i 3 L A B
e BAMERRTE S R A B T

Mo (] 4 (L 0% AR R T B A S ) 2k R i T
P SR 2 2 b DR R B OB N O G
SRR A B AR B R B R 0 A AN S ) 3 X A
25 (A9 (B VR A9 B 1 O B R 22 BOR T L AT
e GE R W 5 725 » TR 3 SR R AT RV L L S P

LT ERF P E R i AT R 4 HE G ol UL B R
SRR S ) S R AR R B TR R R AR
AW S [ A A1 3 R i A A A R R
SR IF R T ORI T S T 2 il 3R R
A, RO M LLR 4 280 B — 2O WL
WL AR T RIHE M N T8 A, ik



104 Hy

®OAH ¥ 5 ;¥ F R

2022 4

BH AT R ¥ (Land Surface Temperature,
LST) 55 552 FrooUL I =itk &5 4k 1) 79 4 5 5¢ &R 2R A7 Ui
B B 55 R ] — T2tk [mlH g5 k43 S0 B i i
2007 4FF1 2008 4F Fry iy 22 il B2 -5 itk WL 0 4 R A
LA HE R BR) 41128 0.566 0 A1 0. 706 617
Lin %75 25 5 9 — {6 4 4 45 20 (Normalized Differ-
ence Vegetation Index, NDVT) 1 Ff 55 45 %f 1§ & 45
PR Al 5 52 % 2 1 DX A0 I R B A E R O
0.60~0. 65 HHNEF] 0. 71~0. 883X # W 1E it B &2 4%
HiLTE 2 1T fE 5 18 5 110 I 2 78 A I 2002 REORH G B B
BE R R s Mohammadi 45 1) T b 34 in A ] 15 7 12
FO T B i R 22 8 e AR ST R AT R R
KPR H] 22 78 5 ] VA J7 R ORS B O . 4 O MR AR 22
(Root Mean Square Error,RMSE) )y 0. 62 C,1y
HISE R B R 0. 9987, 5 T 2O TR R W 18 B
(Temperature-Vegetation Index, TVX) ¥, &
& — ) T 2 2 R B N O'G 35 AR Bl A 8] B R OC
PE DN 22 B b 5 AR Y A TR 4R S is B U
PRSI OR A I, RO W AR
25 I T B R A A s TR B PN AR AR K AR R = R T
HETR R A AR T RS R Y B
FKONRE RV . Pape 855 T RE &1 fi Iy #2 . JF 45
T R TR A % 3 KR S T T R R 1 AR
WEHO0.37 C~1.02 CH 55Uy bl 2§24 )
2. Yoo SFIE T 8 M [A) AL B A DT 5 A B
PLAR RS EAE RIS 1 38 A2 LT A R 17 9 H s
AR AR AR AR S e R LA E REOR T 0. 7. 105
MR 2ZE/NTF 1.7 CUY 5w 58 55 5k F BB AL AR AR L SRR
] 5 Bl AdaBoost FHUE [0 )55 4 L g5 7 ] B AL 4
B WL AT R MR R A DG OC R S5 R AR B AL
ARG B B g P € RBCERIME N 0. 85, 89707
MRBR 22 -3 ME 2y 0. 50 CH# 5 i <7 55 % {ff F B HIL 2%
AR RLAG B 1 22 MY 30T b 3R die vy R R B AR AR
BB Al B AR BB, B E &R Bor il o 0. 921 F
0.916%,

g5 FRT R ET AT R T 2 A b 3R RO 1 R
S T3 ¥ » AR AT 1 2 U e D P RS T Ak
Hrp HNZE T 2RI T, 2 K75k R
i E S R TR G T 5 TR AR AR B A
ZH0 HLAR X TR] BRL , (HX TR B SR 4 b X 3005
I AN IE T 5 B T i B TR IR A A B A (H
TR FRARRS S A% HLAS 5 2 2 )z B T 4% A4~ 4
B, B A R L A 55 > 125 A 0T b 3R il S T
HEAT T A £ 20 K I 5 2 I I B AR PR R AL 7 4R
W s oy B AR R R PR B R R R

G AR B S A 5 AR A A2 AR LT
TR A G EE LR R R G AW, B
Wi 56 R AL A . ABGEAIGETT I A AR X X — S A
KR FIBRE AT BR 5 Bl AL AR AR B I 2 3 R L A5
RS R0 R A X ) B T AP s L B 2 i 5 £
NAEERIFLE SRR MR — B R G LR
FEHE TR R .

Bk PG A8 74 <22 T S I 7 At DX P Bl . G
AR L BB AE PG 22 11 1] [ B A O T ) PR s L T
P AR A e N IO L T AR R K A
TR mE AR AR . AN BALTE 8 LU
ST T R TP R A2 AR TP 22 T R M S B
Bilep ., af ANFIE R, Vi P <R E BT E
e, FLT AR b Tk s T AL X DA
AL AR Sy S TR Sl T Ao A B 5 ] A T
FU 3K — [ RIS AT LASE o #8063 B U AR f
JE 30 2 B A3 A0 G ) 3 10 VP I 2R 4 L0 IR I
EHEERMERE . £ LRE ST I RE L
AT 3 2 AN B 5+ LA DAy ke dul i AR | D Ik
DI VA IR RN DN B R/

AR E T LT Landsat 8 T A $ 4 42 Bt
b U E A — P w48 B H — A SR $(Nor-
malized Difference Built-up Index, NDBI) . 2 & 19
I3 — 1k 7K 14 48 %t ( Modified Normalized Difference
Water Index, MNDWD) Il % Sz i % (Albedo) % 5
T B -, AR 30 m A [A] 4 HE A ) SRTM DEM
B $ CH AR (Altitude) | 3 fi (Aspect) il BE
(Slope) 4§ 3 T I A 1 R S M 8 A>Z Bt 47 41
RN ZANELE S 70 M7 5 SR 5 TR B At B R A7 A [
SR G A EZ GBI A BEYLRR MR 5 B )5
BE TGl RO A R 52 S AIE ) O 8 A
FERIVERE B0 e AR BRSO R U I S B & T7 %
PEAT I M R A 5

1 R XN R EERIR

1.1 HRXER

PG 22 T Ml AR BV 4 O vt rp R L 28 8 S L R
107. 40°E ~ 109. 49°E, 4 i i [l &y 33. 42°N ~
34, 45N 1), VG2 7 B A 52w e LA B BRIk 1Y
b R A 3T R AL A 3 TSP TR R S Y 25 04 1 M
TE B Z0 ) 5k B, PE T R 1L AN 2 A
B H A XA e X BR IX LS W X XA
AR A PG 22T D i X, K% X B XL R B X
[ N N S S s O o v R O D Bl
BX, X FEAERGMEEEEL R X K%



WL A THMNARGEG A B L TEREABFEL 105

108°
T

109°
T

134.3°

134.0°

1 BREAARTHESKRERSH

Fig. 1 Distribution of Meteorological Stations in Xi’an City of Shaanxi Province
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Table 2 Combination Schemes of Model Parameter

SRAETFE SR SRR
P2 2 R R R
P3 3 R R AR
P4 4 TR R B L s 0 U — R K A
P5 5 ron R R B L TR Y U — S K A B U — Al R b A S
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Table 3 Model Performance of Random Forest

ZHH Pl S R IE 4
BIR| HERE | BRIRE/C| FERE | B RiIEE/C
P2 0.916 0. 459 0.726 0. 840
P3 0.922 0. 447 0.756 0.792
P4 0.921 0.467 0.776 0.791
P5 0. 935 0.426 0.788 0. 785
P6 0. 934 0.424 0.768 0. 805
P7 0. 936 0.428 0.772 0. 802
P8 0. 934 0.425 0. 795 0. 783
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Fig.5 Scatter Plot of Estimated Temperature and

Site Temperature
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Table 4 Statistics of Air Temperature-altitude

in Different Districts

8 BRI/ | B AR/ | E AR/ | SE R AR/
C C C m

i X 19. 20 23.51 22.19 484

R X 21.69 23. 46 23.06 381

) SEW X 21.98 23. 46 23.19 402
e MEH X | 20.73 23.51 22.81 136

B X

AR 22. 31 23.51 23. 14 416

B IX 22.10 23.51 23.17 417

T 21.33 23.49 22.93 423

X 21. 67 23.46 22.74 381

] R X 21.58 23. 44 22.61 380

I it IX. 19.07 23. 50 21. 81 485

W R 19.05 23. 45 19. 81 1101

265X

K&ZX 19. 05 23.51 20.71 995

WEX 19. 05 23.51 20. 63 1 080

AzEH 19.05 23.51 19. 86 1433

SEH5E 19.79 23,48 21.17 836

P4 22 T %% A 20. 50 23,49 21.98 645
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