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Analysis of spatio-temporal variation and factors influencing surface temperature

in Liaoning Province

ZHANG Wei, JI Ran
Liaoning Normal University, Dalian116029, China

Abstract: Ground temperature is an important indicator for evaluating climate change and has a great impact on soil
composition, structure, formation and evolution. It is of great scientific significance to analyze the temporal and spatial
variation in geothermal temperature and its relationship with climate, to understand the mechanism of interaction between
Geo Atmosphere and atmosphere, to clarify the response to climate change, and to predict the development trend of future
geothermal temperature. Liaoning Province is located in the transition zone from the Inner Mongolia Plateau to Bohai Bay.
The topography in this region is complicated. In addition, Liaoning Province is located in a seasonal permafrost, and the
mechanism of ground temperature change is more complicated. This paper adopted Ocm ground temperature ( surface
temperature) data and various meteorological ( temperature, sunshine hours, wind speed, precipitation) data from 24
meteorological stations in Liaoning Province from 1960 to 2016. The climate inclination rate, Mann-Kendall mutation
analysis, and wavelet period analysis are used to systematically analyze the temporal and spatial variation characteristics of

surface temperature in Liaoning Province and their relationship with climate elements. The results indicated that interannual
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variation in surface temperature of Liaoning Province get a warming trend from time to time, and the climate tendency rate
reaches 0.36 °C/10 a. There are different trends in different ages, the average surface temperature in the 1960s—1980s,
and from the 1990s to the 2010s was higher than the average surface temperature for many years, and in addition, the
surface temperature in winter was the highest. Mutational analysis showed a mutation in 1995, which showed a significant
increase in the trend. The periodic analysis shows that the annual surface temperature of Liaoning Province showed periodic
changes over two time scales 30—46a and 19—25a. The annual surface temperature gradually decreases from the southwest
to northeast. Correlation analysis shows that the correlation between surface temperature and temperature was the highest;
the magnitude of the correlation showed a character that the western region is higher than eastern region. and was
characterized by the distribution of high west and low east throughout the region. In terms of the relationship with
precipitation, the surface temperature in the years with high precipitation was relatively low, and that in the summer was
most affected by precipitation and sunshine hours. The surface temperature and wind speed are negatively correlated, but the
correlation in summer was smaller than that in the winter, the impact of wind speed on surface temperature is weakened by

all the effects of temperature, sunshine, and precipitation.

Key Words: Liaoning Province; surface temperature ; characteristics of spatio-temporal changes; influencing factors
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Fig.1 Distribution map of various meteorological stations in Liaoning Province selected in this paper
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Table 1 Surface temperature anomaly of each decadal of year and season in Liaoning Province
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Fig.2 Annual and seasonal distribution of land surface temperature in Liaoning Province from 1960 to 2016
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Fig.3 Annual and seasonal changes in surface temperature during the period from 1960 to 2016 in Liaoning Province
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Fig.4 Mann-Kendall test curve of surface temperature for each season and year in Liaoning Province from 1960 to 2016
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Fig.5 Linear maps of seasonal temperature and annual wavelet coefficients of surface temperature in Liaoning Province
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Fig.6 Wavelet variance of surface temperature in seasons and years in Liaoning Province
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Fig.7 Spatial distribution of average surface temperature in Liaoning Province from 1960 to 2016

I i A A7 PR B M - XU ) PR A S, R A 5 o DG A A ) B T 3o 7 ) s 34 it P2 4 G
BUN, 22 N AE MR 5 XA S UM OCOC R RN L R TRLBE 5 Y IR I ORI 7K 18 O 28 22 2880, X 5

http ; //www.ecologica.cn



18 4 SR A LT A BN s AR A B R P K O A 11

FAULE RIS RTINE D], A, XXl 2 B A5 ) v 2 2 A S 1) T D ORI 7K 0 e 28 3L 2 )
SN HORRE 3, 2 XU S 25 /N 3t 3 G R A8 3 T it el ), S SO IR T o T R e R R
H REFI K 3 ] (8 VR PRk e X 0 e 35308 B 1 52 M A8 AR AN IR 2 B 4

B ey
5

A 0.671—0.730
A 0.730—0.834 B,
A 0.834—0.869 .. ~
A 0.869—0.914"%
A 0.914—0.958

TTHRERERETHREESSENEXRY

Correlation coefficient between surface temperature and

&9
Fig. 9

B8 IT4 1960—2016 £ FHSFEFE ST
Fig.8 Spatial distribution of annual average temperature in

Liaoning Province from 1960 to 2016 air temperature at each site in Liaoning Province and each season

13 e HURIRE —— PR O 16 . e HRWE  —— K - 90
~
2 80
5 £
g g 70 E
) Q =)
E £ 60 g
< 5 =
= - 50 =
5} © 4 o
%9 & 45 40 3
o E 30 ~
B8 o %
= S 0 &
N %
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
O 130 0 - HRERE —— HERY 7 3000 o125 e HRRE —e— KK
D 125 2000 = S
g > o 12.0 37 %
g 120 2800 ‘g ERTE: : 5
g 115 2700 = 5 “'0 =
5 110 ¥% 12600 & B - ks
2 Y\ = 3 105 32 @
g 105 250 g &
£ 100 . 2400 & g 100 E
@ 95 ~ 2300 ® 7 93 278
Eg 9.0 200 & & 90 y =)
2 sst | 12100 m % 85 =
ﬁ 8.0 1 1 1 L 1 2000 g 8.0 1 1 L ! 1 22
1960 1970 1980 1990 2000 2010 B 71960 1970 1980 1990 2000 2010
44y Year

E 10 T74 1960—2016 F£FHSIR (a) FEKE(b)  HEEH (c) RXE(d) SHREETHLESR
Fig.10 Temperature, Precipitation, Sunshine Hours, Wind Speed and Surface Temperature Trends in Liaoning Province from 1960

to 2016
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Table 2 The correlation coefficient between the average temperatur, precipitation, sunshine duration, wind speed and surface temperature of

Liaoning Province from 1960 to 2016

4 HE H [Es K
Year Spring Summer Autumn Winter
S5 Average temperature 0.922** 0.877** 0.916*" 0.903 ** 0.850 "
[k it Precipitation -0.383 0.142 -0.409 ** -0.312 0.088
H FEAF4L Sunshine hours -0.159 0.02 0.517** -0.029 -0.241
K Wind speed -0.526*" -0.451** -0.174 -0.556*" -0.465**
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