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Spatio—temporal characteristics of heat island effect during
new urbanization in mountainous areas
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(Key Laboratory of Hydraulic and Waterway Engineering of Ministry of Education, Chongqging Jiaotong University,
Chongging 400074, China)

Abstract In order to investigate the spatial and temporal evolution of heat island effect and thermal
landscape index in the urbanization process of new development zones in mountainous areas, the land
surface temperature of Yuelai New City in Chongging from 2013 to 2020 was inverted by using Landsat
satellite remote sensing images. The local and surrounding heat island effect was analyzed by landscape
ecology method, and the relationship between heat island effect and evapotranspiration was discussed.
The results showed that: 1) The spatial pattern of thermal environment in Yuelai New City changed
significantly from 2013 to 2023, and the high temperature area was concentrated in the central Exhibition

City, and the temperature difference between regions showed a decreasing trend. 2) In 2013, Yuelai New
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City and its surrounding areas had weak heat island effect, no obvious heat island effect and no extremely
strong grade area. From 2013 to 2020, about 18. 45% of the areas without heat island effect level turned
into heat island level areas, the areas of extremely strong and extremely strong heat island effect
increased by 7.67%. lts distribution showed a trend of developing from the middle to the south and north,
among which the expansion area of Convention and Exhibition City was the largest. The center of gravity
of heat island was very close to the center of gravity of urban construction land. Compared with the period
2013-2017, the stable area of heat island effect the period 2013-2020 decreased by 18.76%, and the
slightly enhanced area increased by 13.63%. 3) The grade of Yuelai urban heat island effect was mainly
4, and the number of heat island effect patches in grade 4 was the largest, the patches were relatively
dispersed, the shapes were more diverse and complex, and the mixed distribution index was the largest.
The number of heat island effect plaques in grade 5 and 6 was relatively small and concentrated. 4) The
evapotranspiration decreased, mainly significantly decreased; The difference of evapotranspiration
between regions with no urban heat island effect and strong heat island effect was obvious. When
evapotranspiration decreased significantly, the urban heat island effect increased slightly. 5) Among
several important internal and external factors affecting the heat island effect, the correlation level from
high to low was as follows: residential building area>population density>building height>atmosphere.
In conclusion, the application of landscape ecology method to analyze urban thermal environment and

its relationship with evapotranspiration could provide the basis for effectively alleviating urban heat

island effect.

Keywords heat island effect; temperature inversion; spatial-temporal evolution; landscape index; Yuelai
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Fig. 1 Elevation map of Yuelai New City
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Table 1 Yuelai New City planning positioning and construction cycle
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Table 2 Classification of urban heat island effect
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Table 4 Landscape character index and its significance
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Table 6 Landscape index of heat island effect in Yuelai New City in 2013, 2017 and 2020
. fi A 5 I 41
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Fig. 5 Change map of heat island effect in Yuelai New City from 2013 to 2017 and 2013 to 2020

2017 4F [ $A 53 %500 34 5 X Stk — 20 g G 3 0
FIER R 16 58 X ) 1 TF 2 7. 90% H121. 07 % , (H K
3 DX B 5 80 AT DA AR R AR E S O o e )
68. 54 %0 ; I 55 IX 3 9 MR 458 2013—2017 4F 45 /N, 5%
Tl 55 R A 2 U8 5 X BRA 7 2. 4626 F10.03% . &
(KT , 2020 4F B8 2000 B XS L 2017 4R R X
B /N T 18, 78 %0, T e i Y A X g S MG 2 A,
2020 4F [ 2017 4E £ 1 13. 63 %, IX 48} MK 2 Ji 35§ 1] 7
A0 ) A2 A IR R IR 1 o
3.4 BB R R X I L A& B MR R

BT 2. 2.4 007 ik BERLAR B0 5T X AE T Ik
AL VAR 20134 8 A 3 H ,20174F 8 H 14 H Al
20204 8 7 6 H 3 ZE W& AR Ak 22 AR AR 5 2%
R 4 Hbr e (3R 5) 453 B WF 52 X 2013—2017 4F Al
2013—2020 4 78 WU & 25 M 284k 43 9 E DL IEL 6., T
U2 38 2k Arcgis Ge 5 Hh Bl G 3T Ak TR 5 ok Hi IX
2013—2017 4E F1 2013—2020 4E ZE HL & B T R AR
AR XN R R R RN, RIAEXT
o 1 DI AR b e T R A8 /0 1 AR S 00ORT A B
A3 X35, 2013—2017 4E F1 2013—2020 4E 43 5] 4 & T
UG 79. 18% A1 72.69% , B Mgl /N, 2013—
2020 4F 52 ok 2 X 3l i) i AR 4. 49 hm?®, S T AR

[ 24. 03% , 2013—2017 4F 52 S5 0k 2> IX 3 i) 1o A A
2.74 hm?, & & w8 14.68% , 2013—2020 4F 1
2013—2017 4 7 B & v 0 T AL HE B 7 1,75 hm?
(9.35%), F AL b 7E 2 Je W Xk, 158 B 7 3 T Ak
HERE B 22 PR R AR B A 3 K b T T R AR il
PR AE A 375 7K Hby T 09 28 0K £ B O b o B 30D
DX IR IT i L A% /0N 32 8 43 A AE 43 R R i R
o T 2K B R B ORI 8 3 g DX T L
A X e /b 5 N #E #, 2013—2017 4F 43 00
5.18% M1 0.50% ,2013—2020 4E 43 %] M 2. 41% F
0.30% , 3 B4 4 76 55 Be I, HL b 0 35 398 Jn 1 X3
5L A AE S T RNk 58 B I X

iz 1 Arcgis Ge 1115 21 A [R] B 1) 45 30005 S N 1Y)
FRECEBME , R TR o Al UL T AR DOk A5
X 45 45 1 78 BRI SR B T )N
2017 AF Jo A B 2800y DX AR 78 0K ¥ MH B3 K TR
PRI 50N DX, LT A A A 5 b R AR RUR
It MY TUR OGO R BRI T AR A0 I A IX
B HZE B R MU . 2017 4E 1 2020 4F 78 Bk H 18
TE A R0 26 B AR 58 Y 6 2% X 38k b JE #4 5 1X 3 43 1)
ik 2. 48 F1 2. 98 mm, 4347 it PR J2: A1 588 AR 58 44 5 2%
JNF () IX sk AR T AR R 23 TR A, 2 DX S T A A



45 10 3] R0 - L b ST A AR 4 R B 2N T S VAR AR PRI 5 299

(a) 2013—20174F (b) 2013—20204F N
r r
Y R ! A
o ?,_, it o
v k i -
S ’ g
% ! N
) B (0.45%) S 1 S FI(0.57%) G
Significantly reduced (0.45%) . - Significantly reduced (0.57%) =~
RO (14.68%) 108/ (24.03%)
Slightly reduced (14.68%) Slightly reduced (24.03%)
o ARV (79.18%) - FEARAE(72.69%)
Basically unchange (79.18%) Basically unchange (72.69%)
o RN 5. 18%) o BRI 2.41%)

Slightly increased (5.18%) Slightly increased (2.41%)

o T EHIN(0.50%) o L o EEHEI0.30%) o
Significantly increased (0.50%) & - Significantly increased (0-30%.)*@5;_'@.
’ Z e
oI ¢
;,. \‘1\ =
I K
a‘! T (égkm

6 2013—2017 1 2013—2020 FHRFEHREU S L E
Fig. 6 Classification chart of evapotranspiration change in Yuelai New City from 2013 to 2017 and 2013 to 2020
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Table 7 Statistical table of evapotranspiration under heat island effect in different periods of Yuelai New City

20134 2017 4¢ 2020 4F
Ay SO0 25 WY1/ MR/ MR/
Heat island X 3 1 AR/ DXl i AR X 35§ 1 AR
catislan (mm/d) i (mm/d) , (mm/d)
ffect scal km®* km® km®*
eltect scale ) Mean ) Mean ) Mean
Regional area o Regional area o Regional area o
evapotranspiration evapotranspiration evapotranspiration
1 8. 66 4.70 14. 41 5.74 8.97 4.61
2 8.97 4.20 1.72 3.36 3.01 2.48
3 0.98 2.90 1.22 3. 27 3. 10 2.21
4 0.15 2.02 0.81 3.23 2.09 2.06
5 0.01 2.20 0. 38 3.15 1.04 1.84
6 0.00 0. 00 0.23 3.26 0.55 1.63

LM R B S AR B K R Oy 3, 3R B T A R BE SR R e B A A A R X A
1o A R AR 2R BRI B AR TZ X R 28 B — 58 IS Y A bR Ml A 2 T DAT Ik 3t 7 A X 8 v
IR 2D, S BB 7 AR B 2 R (B BT R B 28 TR K IR T8 L B A5 T 2 1 I B K A
LM A P S 2 3t A O A T 2 A R R SRR AT 0 DR 0 R B A O AR IR R B 58 B I K
SR RS MR 2 A R 22, TR AT TR B KA

S S A RN N o AR A (A R R Y ARV IR BT 52 UL Z B G &R i
To B AN S8 | R A IR AR DX AR T AR AR IO A R T A SO A R LR T AR
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Table 8 The change of heat island effect of different evapotranspiration levels in Yuelai New City %

RHUR A

2013—2017 47 $A B 50 1% A8 AL JEE
Changes of heat island effect from 2013 to 2017

Evapotranspiration change BEHR I8 e o R R OR 5 B
Significantly enhanced  Sightly enhanced ~ Stable  Slightly weakened Significantly weakened

25

o 0 100. 00 0 0
Significantly reduced
R Bt /b

) 0.68 4.40 94.45 0.47 0
Slightly decreased
A A

. 2.56 8.96 85.70 2.77 0.02

Basically unchanged
e ,

. . 0 0.19 93. 44 6.37 0
Slightly increased
B FE R

o . 0 0 83.93 16.07 0
Significantly increased

2013—2020 4F-#A4 & 1k 22 Ak
FEWR AL Changes of heat island effect from 2013 to 2020
Evapotranspiration change i 2 1 iR L3 e Fa B2 ARk 59 i 3 Rl 59

Significantly enhanced Sightly enhanced Stable Slightly weakened Significantly weakened

o 3.90 48.10 48.00 0 0
Significantly reduced
B ot

) 9.19 32.14 58.49 0.18 0
Slightly decreased
HEA AR

. 7.76 18.58 70. 80 2.83 0.04

Basically unchanged
B

) ) 0 0.84 85. 96 13. 20 0
Slightly increased
25 5 n

0 0 83.33 16.67 0

Significantly increased
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Table 9 Correlation coefficient between the intensity level of Yuelai heat island and the change of meteorological elements

RRER

: [N UK A A H AR 5L GEPORITY S
Meteorological o ) ) ) ) o
Precipitation Evaporation Temperature Wind speed Sunshine hours Relative humidity
element
[l )5 23 X
R . y=—0.000 022+ y=—0.575 7x+ y=0.020 la— y=—0.054 8x+ y=—0.000 08xr— y=—0.001 22—
egression
& 0.015 4 4.952 0.386 8 0.067 4 0.086 2 0.093 3
formula
R’ 0.135 0.574 0.492 0.273 0. 360 0. 156
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