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Impacts of regional climate on urban heat islands in China
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Abstract: Urban heat island ( UHI) has significantly temporal and spatial differences because of the impacts of regional
climate background, and large-scale comparative studies are still lacking. Using the monthly average meteorological data
from 1991 to 2019, we quantified the air UHI intensity of 69 typical cities in China, and the spatial and temporal
characteristics of UHI were analyzed from five climatic zones, namely Equatorial climate, Arid climate, Warm temperate
climate, Snow climate and Polar climate. The results show that; (1) Regional differences: the UHI in the Arid climate is
significantly higher than that in other climatic zones, and the Polar climate is the weakest, even showing stronger urban cold
island (UCI). The UHI in the Equatorial climate, Warm temperate climate, Snow climate are weaker, among of them,
which is more obvious in the Beijing-Tianjin-Hebei region because of the high degree of urbanization in snow climate, and
more obvious in the southwest in Warm temperate climate. (2) Seasonal differences: the strong and weak relations of UHI
in different seasons vary with different climatic zones. However, nationwide, the UHI of all cities are relatively stable in
autumn, both the UHI and UCI are mainly in the range of weak intensity. In spring and winter, the UHI is relatively
fluctuant, prone to extreme phenomena such as strong UHI and strong UCI. The incidence of summer UHI is the highest,
but its intensity is relatively weaker.(3) Time evolution; the variations of UHI in all seasons show a significantly uniform
trend year by year in each climatic zone. Around 2010 is the inflection point of the UHI in all climate zones in all seasons.

After 2010, the UHI has decreased in Arid climate, Warm temperate climate, Snow climate, while that in Equatorial
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climate and Polar climate has increased.

Key Words: urban heat island; air UHI intensity; climate zone; urban cold island
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Table 1 Description of Koppen climate symbols and defining criteria

S A5As Climates SRS Types HFAE Criterions

A Equatorial climates A T.u=18<C

s RS U% Equatorial rainforest Af Py, =60 mm

P MR S Equatorial savannah Aw P <60 mm & Py, = (100-MAP/25) mm
i Z XS Equatorial monsoon Am Py, <60 mm & P, <(100-MAP/25) mm
T Arid climates B MAP<10 P,

FJRA M Steppe climate Bs MAP=5 Py

VPS5 Desert climate Bw MAP<5 P

HRBEA Warm temperate climates C T>10 C & 0 C<T, 4<18 C

H TR E S % Warm temperate climate with dry summer Cs Py<40 mm & P <P /3

AT RIS % Warm temperate climate with dry winter Cw Py < P/ 10

IR E S % Warm temperate climate, fully humid Cf BEIE Cw ik Cf

AT Snow climates D 7,,>10C & T,y <0 C

HIRA RS Snow climate, fully humid Df Py =P /10

2TV RSP Snow climate with dry winter Dw Py <P /10

s Polar climates E T, <10 C

BHIFS % Tundra climate ET T,,=0%C

PKJESA% Frost climate EF Thu< 0 C

T e H AR Average temperature of the coldest month; 7', SR SRR Average temperature of the hottest month; P T H K

# Precipitation of the driest month; Py, : 7% (6—8 ) i 1" H B/K 4t Precipitation of the driest month in summer (June—August) ; P, : 7% (12—2

H)Yw+TH [k £ Precipitation of the driest month in winter ( December—February) ; P, B L H KA Precipitation of the wettest month in
summer; P RS A Y Precipitation of the wettest month in winter; MAP ; 454 %7K #& Annual mean precipitation ; MAT . 4 #4505

Annual mean temperature ; Py, ; 7 X I ZEf/K 8 K T TAERE K BB 70% , 0] P, =2 ( MAT+14) mm; £ X I A =R K 8 R T4 T4 RK B
70% 50 Py, =2MATmm; A2 38 ], 0 Py, =2( MAT+7) mm
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Fig.2 The distribution of UHI in four seasons
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x2 ARESFHHETHREDHE (L HR0N) RBEHTRSIES
Table 2 The Cities and climatic zones with the strongest UHII ( UCII) in different seasons

AR iy
% Spring X Summer Fk Autumn A Winter s
Annual mean
A dee SR . p
e i PEJR e PEJR PEJR
The strongest city in UHI
UHIL/C 2.73 2.63 1.81 2.67 2.29
5 — T - N
‘ o s At At
The second strongest city in UHI PR i LR it it
UHIl/C 2.30 1.83 1.66 2.50 1.62
50 = SR T . ., L N
i [m}
The third strongest city in UHI AL pril PR A5 R
UHIl/C 1.86 1.33 1.57 2.36 1.55
Ve By Bl ;
A ==t == P SV =t
The strongest city in UCI EE &k R i &R
ucCll/c -1.92 -1.80 -1.58 -2.57 -1.91
e — . ; ;
M iYL 1P iipy Jui Uit

The second strongest city in UCI
ucCI/c -1.51 -1.04 -1.57 -2.41 -1.25

Ve B s =S

\‘I ;u BN »‘*“\'u o= \‘4"‘\‘”
The third strongest city in UCI L PSR B Lk e
UCIl/C -1.45 -1.00 -1.11 -2.35 -1.20
FI B dre i Aty - au - au: u:
PRBI AL (X i Fif Fis i i

The strongest climate in mean UHI

UHIL/C 1.09 0.79 0.45 1.07 0.85
SRV B R A

The strongest climate in mean UCI

UcCI/C -0.91 0.12 -0.66 -1.26 -0.68

ki e b e sty Wty e b

X 2% 2= 1 AN TR Aty P iR BEREAT B4, P8 4% 21 PP T A SO0 A9 Al 25 5 (BT 3. 3R 3) o kTl
A RO B Aty 2 S A AR B AR R B 7 i i 5 W M B 58, EL R R B0 )V B B8OV, 4% Y R A
PR ROV SR S URICA , 2 < A > B S VIR > BT S Y, FErp B bl A B A v B BN A T
A > TR > AR LA >Vl > BRI | 25 A 1 H B RO 5 B - ol > B > v Tl > B JRLAY > B Aty ,
H I AT iR PRV B BRI 5 AT T SV TR > IR R Y > AT S W A, FL v A s SR B i P4 B AL
o7, BAHE 2 B 5 RV I3 8O0

£33 AFAREFESTTREFRY UHICEHERMEZ) /C

Table 3 Annual mean UHII of each season in different climatic zones ( mean +SD)/C

% Spring K Summer FK Autumn 4 Winter A Year
a7 Equatorial climate 0.28+0.24 0.4+0.16 0.35+0.19 -0.07+0.27 0.24+0.15
BE IR Warm temperate climate 0.24+0.07 0.36+0.07 0.25+0.08 0.14+0.08 0.25+0.06
YA Snow climate 0.43+0.15 0.28+0.11 0.21+0.14 0.33+0.15 0.31+0.12
T Polar climate -0.9+0.31 0.12+0.29 -0.66+0.49 -1.28+0.89 -0.68+0.37

47 Arid climate 1.09+0.22 0.79+0.39 0.45+0.37 1.07+0.28 0.85+0.25

2.2 BRTTARE B R

FEANTR] DI TS 57 T Al T2 3t B B (P 4) o HSRESIKUCH , il . >R >HF >4
7, HLrh 2 2 R B V8 SR 8O0 s W IR« SRR TR > AR > 4 | AR A R 1 Hh BRI RUONE 5 VR IR -
TR > >R | AP 4 BT P 000 5 ARty - A 7 L B 58 1) R 0, At R 2 o B v
BN, FErP v BSOS B BEAR U , &> > B Tl RS>RS4 X
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Fig.3 UHI distribution of different climatic zones in each season
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Fig.4 UHI distribution of different seasons in each climate zone
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T4 E=FHUHN £REEH

Table 4 The significance of difference of seasonal UHII

3 /
difference

brie ES # -0.35 0.057 -6.084 0.05 1
Equatorial climate 778 # 0.07 0.057 1.218 0.05 0
#* & 0.42 0.057 7.302 0.05 1

"2 # 0.116 0.057 2.016 0.05 1

=2 % 0.466 0.057 8.1 0.05 1

= # 0.046 0.057 0.798 0.05 0

2lngis % # -0.1 0.037 -2.719 0.05 1
Warm temperate climate Iie % 0.004 0.037 0.111 0.05 0
L7 % 0.104 0.037 2.83 0.05 1

"2 # 0.116 0.037 3.144 0.05 1

=2 ES 0.216 0.037 5.863 0.05 1

= b7e 0.112 0.037 3.033 0.05 1

B At % # -0.098 0.064 -1.533 0.05 0
Snow climate 778 # -0.215 0.064 -3.366 0.05 1
178 % -0.117 0.064 -1.833 0.05 0

" # -0.153 0.064 -2.397 0.05 1

- ES -0.055 0.064 -0.865 0.05 0

=2 L7e 0.062 0.064 0.968 0.05 0

e % H -0.377 0.143 -2.639 0.05 1
Polar climate 78 # 0.245 0.143 1.714 0.05 0
78 &S 0.622 0.143 4.353 0.05 1

B2 % 1.023 0.143 7.165 0.05 1

"2 ES 1.4 0.143 9.804 0.05 1

=1 779 0.779 0.143 5.451 0.05 1

T £ & -0.014 0.151 -0.096 0.05 0
Arid climate # & -0.634 0.151 -4.191 0.05 1
l7e ES -0.62 0.151 -4.095 0.05 1

Es -0.299 0.151 -1.973 0.05 1

" & -0.284 0.151 -1.878 0.05 0

"2 779 0.336 0.151 2.217 0.05 1

Sig 85T 1 RWIE 0.05 KT, KR BEAR, Sig 5T 0 RWILE 0.05 KT, KFEFHFARBE AR K

et 1A A TN SR B AR RO AR IR (36 5) , R B A R T R 2 Bk AT i A T
ST AR B R, FL A PR AR (R I T R ) 400 :70.6% (48 A4~) \76.5% (52 4~) (63.23% (43 1~) (60.3%
(41 A>) s T B 2800, T2 AL TR B 50 B (0—1°C) YW il s B D BT 74 B L4 = 2 ) B B4V I8 5800
(>2°C) , Herpae o BRaR IR B O IR TT 55 22 (4 ) o DA 80, R4 AN 19 A7 A0 S0 STl v B SN Y B
ERAR P T8 B R EE (-1—0°C ) JEH AL A DT (4 ) BRI AN (<-2°C) MBS Aok
B, BRI T SN BN RRE , PR IV I3 ROV X AL T 55 5 BE S I 5 B A R T PR SN B e B, B
P A 9 v B S A i BG5OSR AT X
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Table 5 Urban quantity characteristics of UHII levels in different seasons

B RBEFR/C W% The amounts of city

The grades of UHII % Spring 5 Summer K Autumn £ Winter
I Strong UHI >2 2 1 0 4
P Medium UHI 1—2 16 7 11 14
B Weak UHI 0—1 30 44 32 23
PR R A (T AR )

The incidence rate of UHI 70.6% (48) 76.5% (52) 63.23% (43) 60.3% (41)
(‘amounts of city)

5974 & Strong UCI -1—0 16 14 22 19
Fr4E4 5 Medium UCI -2—-1 5 3 4 5
PR Weak UCT <=2 0 0 0 4
3T Total 69 69 69 69
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Fig.5 The Variation curves of annual average UHI in different seasons of each climate zone from 1991 to 2019
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