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Fig. 1 Spatial distribution of urban and suburban stations (a-d are the distribution of original urban and suburban stations

jmd

selected based on population quantity data, and then these stations were conducted according to LUCC data in 1980 and 2015
to determine the final urban and suburban stations; e-h and i-1 are the distribution of urban and suburban stations selected
based on population density data and DMSP/OLS data, respectively)
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Fig. 3 Spatial distribution of trends in annual average temperature within the Pearl River Delta from 1967 to 2015

Fig. 2 Spatial pattern of land use and land changes over the Pearl River Delta in 1995 and 2015

24°N

23°N

22°N

112°E 113°E 114°E 1159E.

e
. ST L R EE(C/100)
0 Dl 0.10 0.19 0.24 031038 0.45 0.52
) E{/Z(é?
L ; P + P<0.05 i
112°E 113°E 114°E 115°E
E3  1967-2015 473k — A Hb X AR X R AS bt S50 23 (] 53 A

(P < 0.05 F7EA#a#qm 0.05 15 TEAL )

24°N

23°N

22°N

(P < 0.05 indicates that the trends are statistically significant at the 0.05 confidence level)

I (0.489 °C/10a), HKEmIHENG (0.432 °C/10a), WiPU4, JBIT. HEhk ., HREMX
WSS, el T IR ER AR, 40,124 °C/10a. 3 I 58 55 Hiu DX 43 % Ry 3k vl Ak 4 e
PR DX IR ARB DX, 1d A3 T Ao AR AR S B o Bk = A P X e AR T e R
TISED X, FAEREWXI2E T . W 5% =M R S (K2) X, %=
F R EY ) 20 1 DX T 1A AR, 10 B S T AR R 1 AR I T R AT AR B
Wil EAR, R P T VA e DX 3 T 0 R 23 e g T I DX B PN i A R, e sh ]
VAR R 1A F) 0.375 °C/10a,

1967-2015 4F- 1], Tk = Ff i AR 24 8 i RO 2 -G (P < 0.05) . 415l 4a fir
7, BR AR M XA TR N 0.284 °C/10a, AR TAESIR, IR S IR
WA, MR XA S . 2R By . B, RS, SRUTL hil—aly, LA v

HAREE (0479 °C/10a)

RN B E PR . TRl T R O VRIS, &



114 T I A BR = AT AR R N 2 22 S R 2347

112°E 113°E 114°E 115°E 112°E 113°E 114°E 115°E
Z. a. AP H B AIR rv'v’ 2 b. P RALIR
% PR
s Al ] w;q Z? F}/‘V o
: , - # j TR
» 7 . i%ﬁ/v g /«,f’\\ s J\;ﬁﬁ}w A1 ﬁ! B Y
Z S = fm 2 @ N v éu\”‘:,\?? S ¢ SR 5
°g - \ L8 S i #:; \ =:1_q v
R : 111 1"11 N > \ = 7\ AR . 3
317 =] ]_I_} N A'". .{——\ X, f 755/ k?‘ &Q‘# ‘\ R
g S e T L Sl
Sl s B Tl &
Z L \/ng&c BRI (°C/10a) : \+é\7 SF SRR AR (C102)
a ‘ %o I - WA C
0 50km 0.07 0.16°0.220.28 036 042048| |0 50km ¢ & 0.10 0.17°0.24 0.31 0.38 0.45 0.52
[ ‘BY. + P<0.05 P * 5. +P<0.05

K4 1967-20154FER —ffi i X AEF-35 fi i il . AF-P- XY BRI AR P 32 o] oA
(P < 0.05 Fn b 3aa iz 0.05 & A5
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(P <0.05 indicates that the trends are statistically significant at the 0.05 confidence level)

BAEPERR = AR AR AL X, X F AR S 34 e i SR B 25 ) AR fb B A RN Bk = ff b
X RS, IR R AT e RS I AN B3 . A& 4b Bk, 1967-2015
AEBR =AM X AR R IR AR 2 B BT (P <0.05), REARMETEHEER A 0.328 °C/10a,
TR TR = A AR A e AR TR R 17T LR TR i R R R X R YR
A 17 SR A A 1 IR e iR A M DO TR L 3R LD, LR BRI R R K, IR F
0.602 °C/10a, 3 55 KIS A P EER — AL . PUALRIIE I BRIGEHBIX , Jo T T34 iR
FIg5, 4 0.129 °C/10a.
3.2 WAL W SiE RIS L

FERIEFE T DX T A SR AR MR, PT DA aE e b e o e /IR 410 30T Y 3l 1) Y
FKMEE (SST) MY R WFFE IR AL X R 52 ma e >, Bk = ML P g iy, A ORI H
HadISST1 4 BRifE 0 JE B EE , PR 1967-2015 45/ ¥ (4°N~20°N, 110°E~119°E)
0N X 0% A BRI R, EABR=ATRIRES S, KR = AR
FIEG S Z i RIR AT L (P <0.05) (K5), MRFERIEEIRAE
FBE = KOS, HRRAET TS, BEERE%R 0.193 °C/10a, MR IEE A 2000
AF 5 HAYRRGH T T AR SE AR B A H R 0.096 °C/10a, WA MRS, R T
S R R e A BT Y, IR B T AR, B R AT
HAWRLEE R 0.181 °C/10a, FZEER = MM R SER, (HIEEE T, HiEE AR
£]0.213 °C/10a; H R =AM X &S THRIBE, —F2 ML, BEERE%E S5
J& 0.207 °C/10a F1 0.143 °C/10a, X Z=ER = MAIIXHERHE M 0.064 °C/10a, FAZ=ER =
S S4TSR TR T 3 L B U R A IR 0.393 °C/10a F110.189 °C/10a, &Z2ig 21 B JLP TG
M s ARtk , BT (0234 °C/10a) ., Bk =M IRB HAB T I sh Ak, 1
IRHAH 0391 °C/10a, SMAKE, k=M VHIREKEIRER, FEERAES. 1
R TER s, H R

C A 75 P TREVE TR BE AR SR AR il s A O R A T AR O B TR AXV o Jones
A0 D) v ] 2R VT T 2R UL AT B, ST 1951-2004 45 H [ 45 S 3k T 1k DX 4 B i B
0.11 °C/10a, 3T AL B TTHR 28K 18%~40% ., Park 254515l Ik Ti7 Ak %of ik () 44 et 14 5%



2348 Mo B 22 744

30 30
a. G4E b. HE
28t N\ 28+ / Ao NS
_ 267 _ 26 |
o £
24} B 24t
Juc) P B
221 4 - -\ 2}
20 - 20+
18— : ' : : 18— : : : -
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
Ehy Ffhy
31 30
d. FkZE
30t 28L . AT
5291 o 26t
# #
% 28 + @ 24 L
27 ¢ 22 L
26 ' ! : ' ! 20 : : : . :
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
SEGY Ay
28
e &%
24} -
—— MIRERIRE
o 20t ---- MEEREESTEETY
% —— RKETHSHE
16+ A ; - - - - XECPHIRESEE T
12+

1970 1980 1990 2000 2010
4y

KI5 1967-2015 4F- Bk = #fy iy DX T 100 i it B2 4 A7 N 2= 1 I i) AR A 34
Fig. 5 Temporal variations of annual and seasonal temperature in the Pearl River Delta (black curve) and the sea surface
temperature in the South China Sea (red curve) during 1967-2015

M, M P AN 52 388 P 2 M ) 9835 2 T 3R PP A 0l 0 I ) ol B b A T X b, 46
SRR T A X it [ 8 R P 2 MR K558 o Odla 552 UAR R I TR RS AL i 5, R0 AR sk
R ARALTE DL, I A AR A1 OLBE 23 18] 0 A AN RN A 25 57 o AR SCRI T 2 B
PEIACR il s AR AR SRR = A 3T e R A S A A e 23 [8] 7 S ML

1 6 J2 s 7o A 3 JSE A O A ol i SR AR, 45 il e e 2 3 A 2 T 1) 28 AR
Dlo BERER, TR, Bk =AM AR5 U A B 32 0.096 °C/10a. 1EEE
MERGE IR =, sk, BRI, e AT sl AP 4 R Y 4 3l e R A
P, ETE0.15 °C/10a LA L, SR Lel i N 81 2200 B o T A R A0 B v A



118 TR 45 BRI X SR S 22 R R R 2349
112°E 113°E 114°E 115°E
T T T T
4 z
< [~ I
N N
& Z
onr 1N
(o] N
< SIRAEALHR(°C/10a)
z , s @-0.075~-0.035 z
ar : : ““@ —0.035~0 18
- © ®0~0.15
0  50km ; Egg"%? @ 0.15~0.31
— | 7%y | e P<0.05 |
112°E 113°E 114°E 115°E

K6

HEFEIRBEXT IR 1967-2015 4ERk = £ b X 48 3 i A2 255 IR I T A 184 L 338 53R 4 2% [ 43+

(P < 0.05 F/™RAZHAE 1 0.05 B F L)
Fig. 6 According to the comparison of SST, the spatial distribution of the annual average temperature warming rate of
urbanization in the Pearl River Delta from 1967 to 2015.

(P <0.05 indicates that the trends are statistically significant at the 0.05 confidence level)
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Fig. 8 The temperature change rate of urban stations and suburban stations under three classification methods (as shown in
a, b, ¢, d respectively) and the contribution rate of urbanization to temperature (as shown in e, f, g, h respectively) in the
low-speed period of the urbanization process (1967-1977), medium-speed period (1978-1999), high-speed period
(2000-2015) and 1967-2015
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Fig. 9 The annual average temperature change rate of urban and suburban stations under three classification methods (as
shown in a, b, ¢, and d) and the contribution rate of urbanization to the seasonal change of annual average temperature (as
shown in e, f, g and h) in the low-speed period of the urbanization process (1967-1977), medium-speed period (1978-1999),
high-speed period (2000-2015) and 1967-2015
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Impacts of urbanization on spatio-temporal variations of
temperature over the Pearl River Delta

WU Zixuan">’, ZHANG Qiang"*>’, SONG Changqing"*’, ZHANG Fen‘, ZHU Xiudi"*’,

SUN Peng’, FAN Keke"*’, YU Huigian"*’, SHEN Zexi"*’

(1. Key Laboratory of Environmental Change and Natural Disaster, Ministry of Education, Beijing Normal
University, Beijing 100875, China; 2. State Key Laboratory of Earth Surface Processes and Resource Ecology,
Beijing Normal University, Beijing 100875, China; 3. Academy of Disaster Reduction and Emergency
Management, Beijing Normal University, Beijing 100875, China; 4. Key Laboratory of Western China's
Environmental Systems, Ministry of Education, College of Earth and Environmental Sciences, Lanzhou
University, Lanzhou 730000, China; 5. School of Geography and Tourism, Anhui Normal University,
Wuhu 241000, Anhui, China)

Abstract: Daily temperature data at 21 stations across the Pearl River Delta during the period
of 1967-2015 were selected, and these stations were divided into urban stations and suburban
stations based on population, population density and DMSP/OLS data. Meanwhile, spatio-
temporal variations due to urbanization were investigated by comparing the temperature
changes at urban and suburban stations. The results show that: (1) In the past 50 years, the
annual average temperature, the average maximum temperature and the average minimum
temperature in the Pearl River Delta region increased significantly, and the average minimum
temperature increased at the highest rate, or 1.05-1.16 times of the average temperature and
0.95-1.32 times of the average maximum temperature, respectively. Among them, the seasonal
difference of annual average temperature change rate is generally manifested as the strongest
temperature increase in autumn and winter, with the temperature increase rate higher than
0.3 °C/10a, and the temperature increase rate is weaker in spring and summer, with the
temperature increase rate as low as 0.16 °C/10a. (2) Using urban and Sea Surface Temperature
(SST) comparison to study the urbanization effect, affected by urbanization, the annual average
temperature of the Pearl River Delta is increasing by 0.096 °C/10a. (3) Using urban and rural
comparison to study the urbanization effect, from 1967 to 2015, urbanization leads to the
temperature increase in urban areas. Generally speaking, urbanization contributes the most to
the increase of average minimum temperature. Meanwhile, the seasonal difference in the
contribution rate of urbanization to the annual average temperature change indicates that the
increase rate is stronger in summer and winter, with the contribution rate higher than 11.8%,
and lower in spring and autumn, with the contribution rate being only 4.46%. (3) The selection
of stations division method, the different periods of urbanization development and time scale of
research all lead to the uncertainty of the research results on the warming effect of urbanization.
Different stations classification methods indicate that urbanization contributes the most to the
increase of the minimum temperature, and for a longer time scale, the contribution rate of
urbanization to the increase of the minimum temperature is up to 38.6%.

Key words: urbanization; temperature; station classification methods; Pearl River Delta



