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FRIER S e 7

FaVR H 8 tnfd H Il <0 TRy 438 B 4L d

25 vk H $l txice H e i <0 THY 438 H 31 d
Al H 2% trav H i il 5 e Il =2 22 (P 21 T
% H L] exf10 H 5 SRR T8 10 1 43 RN 1 43 L %

B H L] txf90 H 5 2 T4 90 F 4 B KRB 1 4 e %
YR L] inf10 H A% IR AR T4 10 f 40 R B 40 1 %
I LE A5 tnf90 H AR AR R T4 90 B A KRB H 43 L %

i FFLEAR AL txhw90 H 5 e > D S R0 (R D] PR AE LA H S s A2 5 H )55 90 H 40 B fe 1 3% 21 R d
B FFEAE % tnew 10 H 5 I A<D s [T (R HE I PN AR LA H S rp s A 22 5 H )5 10 B 200 50 e I % 2 R AL d

TR AT R BE AR, BB S 5IHEE
F1% S AL T R T8 20T, A R 2 B (L R 3 3T Y
RAEBIE . 02 e B (ER , 8 ad b R Sk
7 km 12 Fil A9 P B9 B0KT R BE L5 12 [ 5 ki o £ ik
B, SRHE ST A S A3l

K2 NILT A A ARG TR EAT L WK E
AR 4% 1T AR KT O B AR A5 3T 4 K R K —
2, HRe B REE LB EROR, JHAR . BT
AAXTEL/N, BEFAF Oy O3, 25T 0 B (E P ok 1
EYIIFERN

F2 AL TRS TG RIGEETEKE B{E
Table 2 Gray thresholds of night light in cities of Liaoning
Province in 1993, 2003, 2013

Wi 1993 4% 2003 4 2013 4F
A 24 46 52
Kitk 16 28 45
LAl 18 25 34
e} 20 23 38
E ST 7 17 29
PR 5 10 17
M 14 19 33
Ho 19 26 41
LB 9 14 19
iTkH 22 29 48
R 11 22 25
Wi 6 16 22
Eiin i 21 36 43
P 14 16 21

M 1993 4F | 2003 4F | 2013 4F D 2K A 4T olkzs
)04 R AR Y, B T HERS , SRR . Kk 4%
HRA>H XK BEAE G, Sk B & o 1993 47 3k

H i 314>, 2 Ak 30 4> 5 2013 4F 2L 3 7 2l 40
A, SR 214, BEE TR AR, 5 £ Rk
Bl RO Sl L A2 VS DI T 3 e B B S Rk, T R
SRV VRS T AU R SR Tl S 0%, MR L 2
Kk (1) o AR SCHEE M 1993 — 2013 4E LR M3k T
U 0 29 b AR T, IR £ R 21 4
i AR D Rk

2 HRE59MH

2.1 WA EHSIBEHZE

MR IR LLEH, BRBCEE R & AR 24,
SR R R R G R BN G OB =R T I )
T AR AR 0 338 R e 1 A R S A B Bk el 1
iR R B B S A, b Sl AP 2 i
AR IR R ok, H0.501 C-(10a)™", 1 £ £t
il A1 34 B e AR TR R AR /N, {70,212 C -
(10a)™"o 3T 345 A1 S 4] 3l 51 359 o (UK A0 TR 3 L o 22
SR, 0,176 T+ (10a)™", SFH< H IR R 2
5200.091 C-(10a)™", F¥ i E RIG IR R E 5
450.017 T+ (10a)™, FXFHE /N5 ToIS T ol 18 2
SR, BB RANRE R R R, PR
TR 2, V-3 e v A T AR X 18, R
B, ~HBIEAR -, R DL TR
ORI, HFE . MFERZ, BEHEERRE,
A 5 2 AR RAT [ RS B AR g A e AR
#ﬁo

1961 — 2017 4F- 1L 745 T il A S A ol A<k
AR Al IE (K 2) , 3T 5T4EK, Sl vl F
BAIRMIREL1.9C, sMuWEREL 1.3 T,
R 1 b A Bt K T R T IR Y 1 g i
[0.23 C-(10a)™], Wl 7 A 3kF X0 3 1E
HEEL0. 12 T+ (10a) "™, B, HIBkw 2Bk KT



1070 7k N 73 + 2%
44°N | 44N F
43° | 43° |
4° 40|
410 410 b
40° | 40° |
39° F 39°
0 60 120 km 532 0 60 120 km 532
380 1 1 1 1 1 1 L 1 380 1 1 1 1 1 L 1 1
119° 120° 121° 122° 123° 124° 125° 126°E 119°  120° 121° 122° 123° 124° 125° 126°E
(a) 19934F (b) 200348
44°N |
43° |
4t
41°
40°
39°
0 60 120 km 0
[
380 1 1 1 1 1 L 1 1
119°  120° 121° 122° 123° 124° 125° 126°E
(c) 20134
1 19934F 2003 4F | 2013 4F LRI IR BEAE AT 0t . 2 Al 6423 1] 3 A1 (S @It 5 W GRS k)
Fig. 1 Distribution of city stations and rural stations of Liaoning Province and DMSP/OLS nighttime light gray value in 1993,

2003 and 2013 (green: urban station; blue: rural station)
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Fig. 2 The annual variations of the average temperature (a), the average maximum temperature (b) and the average minimum

temperature (c) of city stations and rural stations in Liaoning, 1961 — 2017
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Table 4 Influence of urbanization and its contribution rate in Liaoning Province, 1961 — 2017
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Table 5 The change trends of extreme temperature indexes in city stations and rural stations, their influence and their

contribution rate on urbanization in Liaoning Province, 1961 — 2017
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Table 6 Seasonal urbanization impact (AX,,) and urbanization impact contribution rate (E,) in Liaoning Province, 1961 — 2017
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Fig. 3 Urbanization impact contribution rates of some

extreme temperature indexes
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Effect of urbanization on the air temperature variation of Liaoning Province

AO Xue', CUIYan', ZHAI Qingfei’, ZHOU Xiaoyu', SHEN Lidu',
ZHAO Chunyu', NING Xilong’

(1. Shenyang Regional Climate Center, Shenyang 110166, China; 2. Liaoning Weather Modification Office , Shenyang 110166,
China; 3. Fuxin Meteorological Bureau, Fuxin 123100, Liaoning, China)

Abstract: Based on the daily average temperature, the average maximum temperature and the average minimum
temperature data from 1961 to 2017 and DMSP/OLS satellite nighttime light data, the influence of urbanization
on the trend of average temperature and extreme temperature indices of Liaoning Province was quantitatively ana-
lyzed. The results show that the temperature in Liaoning Province exhibits a significant warming trend, and the
rate of warming trend at urban stations is obviously faster than at rural stations. The growth rate of the average
minimum temperature is the fastest, followed by the average temperature, and the average maximum tempera-
ture is relatively slow. The warming rates of four seasons are as follows: winter > spring > autumn > summer ;
the contributions of urbanization from large to small are in order: the average minimum temperature > the aver-
age temperature > the average maximum temperature. The significant increase of the minimum temperature and
the slight growth of the maximum temperature at the city stations should lead to the decrease of the daily range of
temperature, and enhance the contribution of urbanization. Urbanization aggravates the significant decrease of
the extreme low temperature events and the significant increase of extreme high temperature events in Liaoning
Province. Urbanization has a significant impact on extreme temperature events. The urban effect of the extreme
temperature index related to the cold events is negative, while that related to the warm events is positive. In
terms of the contribution rate of urbanization effect , the relative index is larger, followed by the duration index,
and the absolute index except the daily temperature range is relatively small. The extreme temperature index
based on the lowest temperature is more affected by urbanization than that based on the highest temperature. The
spatial asymmetry of urban heat island intensity and the difference of aerosol concentration between urban station
and rural station results in the increase of maximum temperature not as significant as that of minimum tempera-
ture, which may explain the urban effect on the extreme temperature index.

Key words: urbanization; extreme air temperature ; climate change; Liaoning Province
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