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Abstract Based on daily air temperature data from 1957 to 2005, the difference in annual and seasonal air temperature
trends between seven mountain stations and seven nearby urban stations in eastern China was investigated. The effect of
urbanization on the variation trends of the mean air temperature, the maximum air temperature, and the minimum air
temperature and the asymmetrical change of air temperature were also analyzed with the mountain stations as the
background field. Results showed that the trends of the mean and minimum air temperatures were lager at the urban
stations than at the mountain stations, while the trends of the maximum air temperatures were quite opposite. The air
temperature trends for the urban stations showed asymmetrical characteristics more obviously than those for the mountain
stations due to higher variation rates of the minimum air temperatures in the cities compared to those of the maximum air
temperatures. The effect of urbanization was positive to the mean and minimum air temperatures, while negative to the
maximum air temperatures. The effect of urbanization on the air temperature trends was asymmetric. The asymmetry of
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urban effect was the main cause for the asymmetrical change of air temperatures.

Key words air temperature, climate change, urbanization, asymmetrical change
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Table 1 The longitudes, latitudes, and elevations of seven
mountain stations and seven urban stations
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tRSERW (36.25°N, 117.10°E) 1536.5
2R r (36.68°N, 116.98°E) 57.8 277.0
BRARLELL (34.48°N, 110.80°E) 2064.9
B vG vG 2 (34.30°N, 108.93°E) 398.0 318.2
RHEL (30.13°N, 118.15°E) 1836.3
GREIR (30.53°N, 117.05°E) 19.6 46.3
STAALL (29.58°N, 115.98°E) 1165.3
LR ILIT (29.73°N, 116.00°E) 37.1 46.9
T (27.30°N, 112.70°E) 1268.0
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Table 2 Variation trends of mean air temperatures, maximum air temperatures, and minimum air temperatures for
mountain stations and urban stations from 1957 to 2005 (units: ‘C/10a)

e L3 THRE (AD B (ATwe) SRR (ATwn) | ST PSR A RS (ATn) SIS (ATmin)
KA 0.23%* 0.32%* 0.18%* AKX 0.26%* 0.11 0.37%*

Z&l 0.21%* 0.15%* 0.21%* Y 0.25%* 0.11 0.46%*

il 0.21%* 0.20%* 0.20%* [l 0.31%* 0.17* 0.41%*

ly 0.18%* 0.19%* 0.17#* LR 0.28%* 0.15% 0.38%*

el 0.16%* 0.19%* 0.13%x* UL 0.18%* 0.08 0.30%*

PR 0.14%* 0.08 0.15%* i BH 0.12%* —0.02 0.19%*
Judilinh 0.13** 0.06 0.16** K 0.22%* 0.00 0.32%*
SEEMY 0.18 0.17 0.17 A 0.23 0.09 0.35

o RN IR AR ERIE L 0=0.01. 0=0.05 [/ BE AT .
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Fig. 1 Effects of urbanization on annual variation trends of (a) mean air temperatures, (b) maximum air temperatures, and (c) minimum air temperatures and

the contribution of urban effect to the overall changes for seven urban stations
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HIA %] 100%, 15/ MAITEZIHEH 17%.
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BRI s LLESE A &, FERW . it
WEEE KN RE, FEWMT R, A
0.11°C/10a, HIEKTRAZH 0.04°C/10a, HF
/Do T A RE A DT R F AN T A S e A OG,
W5 AR AR AT G, DRI A 5 e Tk
UUP A3, BTN A Z= o0k . 5
eIk T A g e LAt s o 3, B SRR .
W SR 2 0.00°C/10a A4 Ry gy, K
ZFi N, N—0.12°C/10a, HIELFRKE. Wil
I DTk T AT LTI 7%, K= 1ok
I —60%, ATk N —8%. AR UMk
M LLIE oA &, FER . SRtz oK
FMEIRSY K : £ (0.22°C/10a), 4 (0.18°C/10a)-

5 (0.16°C/10a) Fk (0.14°C/10a), T4k 5 DTk
RIRFAR, HEFETTERKN T KT,
33 RBTAIEXFIRIES 7

0 T 3 A 0 DY 2 I A AR A A3 B B K
T AL, AFE I IR R . T =P
AR AERT AR AR AL, AL (3) IFREARAE
XEFRIEAR A T3 4, 0 W XT38 0Kk U,
rr L AW R R RR M AR 4K 8 —0.15°C/10a &
0.10°C/10a, “F¥JME K 0°C/10a, 4 4 NRIN A%
ARG AR T a3 N R F
AN T B el s T T AR AR AR AR
164 0.21°C/10a % 0.35°C/10a, “FH4{E K 0.26°C/10a,
BB T B G R A e NG 8 = A T W 8

VY= A ey Ll AR AR RR AR AT I AT 7,
MR B BB E RN, KN EFNH

3 TMHHHOEEY., 5. RESETHEE BT ® R0 &R me Bk
Table 3 Effects of urbanization on seasonal variation trends of mean air temperatures, maximum air temperatures, and

minimum air temperatures and the contribution of urban effect to the overall changes for seven urban stations

FE HZ
il R Sawi S il SR PR Jgt e i AR
AT, E AT, E AT, E AT, E AT E AT E
R 0.03 10%  —0.17 -51%  0.19 76% | —0.10 —43%  —0.33 —95% 0.04 21%
Drid 0.06 32%  —0.03 -23% 029 100% 0.06 100%  —0.02 —66% 0.28 100%
P % 028  100% 0.12 52% 041 100% 0.05 100%  —0.14  —100% 0.24 100%
GR 022 100% 0.11 65% 031 100% 0.03 55%  —0.09  —100% 0.15 100%
JUIT. 0.08 50% 0.02 9%  0.19 100% | —0.01 —54%  —0.13  —100% 0.13 100%
kA 0.04 36% 0.05 100%  0.07 57% | —007  -100%  —0.16  —100% 0.06 100%
IS S 0.04 52%  —0.08  —100%  0.10 89% 0.14 100% 0.03 52% 0.23 100%
S 0.11 54% 0.00 % 022 89% 0.02 23%  —0.12 ~73% 0.16 89%
i R I8 S il B I VS R I
AT E AT E AT, E ATy E AT, E AT, E

R 0.09 100%  —0.16 —-88%  0.19 100% 0.11 40% 018  —42% 0.37 100%
b7 aE) -0.01 4%  —0.10 —-58%  0.17 83% 0.04 9% —0.02 7% 0.23 57%
[ -0.01 2%  —0.07 —24%  0.05 20% 0.11 34% —0.02 —9% 0.16 49%
GIR 0.10 48%  —0.05 —24% 021 100% 0.04 13% —0.11 —32% 0.16 44%
JUT 0.00 1%  —0.18 —62%  0.18 100% 0.00 2%  —0.13 —48% 0.18 64%
B —003  —20% —0.15  —100%  0.01 6% —0.05  —18%  —0.14  —68% 0.02 5%
K2 0.14 100%  —0.04 -60%  0.16 92% 0.06 24% 014  —64% 0.16 64%
TS 0.04 32%  —0.11 —60%  0.14 72% 0.04 14% —0.11 —38% 0.18 55%

e AT RoRWTEN (A “C/10a): E RRINTTL I TTHR R .
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F 4 1957~2005 &5 L shFAE AR SURIEXIARIET . (B4 C/10a)
Table 4 Asymmetrical variations of air temperatures for mountain stations and urban stations from 1957 to 2005

(units: ‘C/10a)

I 4F # l K % EAlIb 4 # El K %
AR 0.26 0.28 0.19 0.23 0.34 KA -0.15 -0.08 -0.17 —0.12 -0.22
o 0.35 0.41 0.36 0.31 0.33 EI| 0.06 0.08 0.06 0.04 0.08
[ 0.24 0.24 0.38 0.09 0.25 1l -0.01 -0.05 0.00 -0.03 0.06
TR 0.23 0.13 0.29 0.20 0.29 gl —0.02 —0.07 0.04 —0.07 0.03
UL 0.22 0.09 0.26 0.21 0.30 Ji il —0.06 -0.08 0.00 —0.14 0.00
I 0.21 0.09 0.31 0.20 0.24 Wi 0.08 0.08 0.10 0.04 0.08
K2 0.32 0.29 0.34 0.32 0.33 Fufilily 0.10 0.12 0.14 0.11 0.03
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Fig. 2 Asymmetry of the urban effect on air temperatures and the contribution of urban effect to asymmetrical variations of air temperatures for seven urbar

stations from 1957 to 2005: (a) Annual; (b) spring; (c) summer; (d) autumn; (e) winter
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