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Fig.1 Distribution of meteorological stations with simultaneous
radiation and temperature observation in

three provinces of Northeast China
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Table 1  Statistics of missing measured quantity of radiation data at meteorological stations in three provinces of Northeast China
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Fig.2 Interannual changes of surface solar radiation (a), mean tem-
perature anomaly (b), minimum temperature anomaly (c), maximum
temperature anomaly (d) and daily temperature range anomaly
(e) in three provinces of Northeast China from 1970 to 2019
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Tmax and DTR in three provinces of Northeast China during
1970—1989 and 1993—2019
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Table 3  Average change rates of SSR, T, Timins Tmax and DTR of eight stations in three provinces of
Northeast China during 1970—1989 and 1993—2019
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T/ ((C/10a) 0.39 0.37 0.02 -0.07 0.16 0.23
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1970—19894F 1993—20194F AHXSARAE, 1970—19894F 1993—20194F AHXT AR fk
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T,/(‘C/10a) 0.06 0.10 0.04 0.80 -0.23 1.03
Tin/(‘C/10a) 0.18 0.01 0.17 0.96 -0.32 1.28
T/ (‘C/102) -0.15 0.18 0.33 0.48 -0.24 0.72
DTR/"C/10a) -0.33 0.17 0.50 -0.48 0.07 0.55
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Fig.3 Spatial distribution of average change rates of surface solar radiation (a, b), mean temperature (c, d), minimum temperature (e, f), maximum temperat-
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Table 4 Average change rates of SSR, T, Tinin» Tmax a0d DTR of 8 stations in three provinces of Northeast China in 1970—1989 and 1993—2019

) HEA M
1970—19894F 1993—20194F AHXS AR, 1970—19894F 1993—20194F AHXTARfb
SSR/%/10a) -6.45 3.08 9.53 -5.03 232 7.35
T,,/(‘C/10a) 0.57 0.17 0.40 0.44 -0.08 0.51
Tin/(CC/10a) 0.74 0.19 0.55 0.82 -0.37 1.19
T/ (‘C/102) 0.46 0.34 0.12 -0.03 0.07 0.10
DTR/(*C/10a) -0.26 0.14 0.40 -0.84 0.46 1.30
W IR K&
1970—19894F 1993—20194F AHXS AR, 1970—19894F 1993—20194F AHXT AR fb
SSRA%/10a) 1.43 0.17 -1.26 -5.83 2.00 7.83
T,/("C/10a) 0.39 0.03 0.35 0.38 0.16 0.21
T/ ((C/10a) 0.27 0.24 0.03 0.76 0.03 0.73
T/ (‘C/10a) 0.06 0.05 0.01 -0.01 0.18 0.19
DTR/('C/10a) -0.20 -0.18 0.02 -0.77 0.16 0.94
A B
1970—19894F 1993—20194F AHXS AR, 1970—19894F 1993—20194F A ARAE
SSR/(%/10a) -2.13 0.54 2.67 -2.25 -4.88 -2.63
T,/(‘C/10a) 0.13 0.16 0.03 0.40 -0.02 0.42
T/ (‘C/102) 0.29 0.52 0.23 0.46 -0.32 0.78
T/ ((C/10a) -0.02 -0.34 0.32 0.22 0.21 0.01
DTRA°C/10a) -0.31 -0.86 0.55 -0.22 0.55 0.76
TLFH Ki&
1970—19894F 1993—20194E FAXTAE AL 1970—19894F 1993—20194F ARXT ARk
SSR/(%/10a) -9.08 5.91 14.99 -5.83 -2.06 3.78
T,,/(‘C/10a) 0.43 -0.01 0.44 0.37 0.13 0.24
Tin/(CC/10a) 0.55 -0.30 0.85 0.42 0.16 0.26
T/ (‘C/102) 0.30 0.27 0.04 0.31 0.13 0.19
DTR/('C/10a) -0.24 0.57 0.81 -0.08 -0.04 0.04

T A A2,

ERAHR/NEI S T B SR I A, s R
T $s PR 0.49°C/10a; 1993—2019 4 M T A BHAE
SSP SN G 5 T A v SR G N A, 1 0 BE 4
0.09°C/10a.
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Variation of surface solar radiation and its influence on
temperature change in three provinces of Northeast China

Shen Yanbo'?, Wang Chuanhui’, Chen Yun'’

(1. CMA Public Meteorological Service Centre, Beijing 100081, China; 2. CAMS & China ReCRM-Joint Open Lab on Meteoro-
logical Risk and Insurance, Beijing 100081, China; 3. Anhui Public Meteorological Service Center, Hefei 230031, Anhui, China)

Abstract: As the fundamental source of energy for the earth, changes in surface solar radiation are bound to
have a certain impact on temperature changes. This study used monthly surface solar radiation and temperature
data from three provinces in the Northeast of China to analyze the long-term trend of surface solar radiation.
Based on the heat balance theory of atmospheric system, the impact of solar radiation changes on temperature
was quantitatively analyzed. The results showed that from 1970 to 2019, surface solar radiation in Northeast
China experienced a trend of first decreasing and then increasing, with a significant decreasing trend from 1970
to 1989, and the average decrease of SSR was 216.49 MJ/m” every 10 years, accounting for 4.33% of the multi-
year average. From 1993 to 2019, the average increase of SSR was 37.54 MJ/m’ every 10 years, accounting for
0.75% of the multi-year average. The change in maximum temperature was directly influenced by changes in
surface solar radiation. In the average situation of Northeast China from 1970 to 1989, the decrease in surface
solar radiation weakened the increasing trend of maximum temperature, resulting in a decrease of 0.49°C every
10 years. From 1993 to 2019, the increase in surface solar radiation strengthened the increasing trend of max-
imum temperature in Northeast China, with an increase of approximately 0.09°C every 10 years. Further ana-
lysis revealed that changes in surface solar radiation altered the average temperature and diurnal temperature
range by changing the maximum temperature. From 1970 to 1989, it weakened the increasing trend of average
temperature in Northeast China and reduced the diurnal temperature range, while it strengthened them from
1993 to 2019.

Key words: solar radiation; temperature; daily temperature range; three provinces of Northeast China
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