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Abstract 

Based on the ground meteorological observation data of meteorological stations in 
Northeast China, the spatial distribution and variation characteristics of total solar 
radiation in different time scales were studied. The results show that the solar energy 
resources in Northeast China are abundant and stable, and the annual total solar 
radiation decreases interdecadal with little change, which is mainly caused by the 
decrease of solar radiation in spring and summer. Climate change characterized by 
warming prolongs the growing season, resulting in no significant change in the total 
amount of solar radiation in the growing season. Compared with the four seasons of the 
year, the total solar radiation in Northeast China shows a distribution difference of 
strong radiation in the north and weak radiation in the south. The annual total solar 
radiation changes in a small range, and the average difference between the north and the 
south is small. Compared with the sudden change of trend, there is a difference in the 
distribution from east to west. The total solar radiation in the west of Huaibei Plain has 
decreased obviously in the past 50 years, and all of them have passed the significance 
test, with the largest decrease in summer radiation. The decrease mutation of total solar 
radiation mainly concentrated in the western part of Northeast China, and all the 
mutations passed at least the significance test. The variation of radiation in the eastern 
part of China is small, with a significant decreasing trend only in summer, but not in 
other time periods. There is no sudden change in the eastern part of China in the whole 
year and all seasons. Overall, the total solar radiation resources in Northeast China are 
abundant and stable. 
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1. Introduction 

Solar energy is almost the only energy source of the earth-atmosphere system, and it is the most 
active factor in the energy exchange of the earth-atmosphere system. It drives and controls the 
movement of the whole earth-atmosphere system [1]. The distribution of solar energy on the 
surface has a decisive influence on cloud, temperature, humidity, precipitation and popular 
circulation. Under the increasingly severe situation of global climate change, solar energy is the 
most important and cleanest energy, and its regional distribution difference will fundamentally 
change the local trait of temperature, humidity, precipitation, etc. Therefore, the research on 
the distribution law of solar radiation and the utilization of The solar energy resources has been 
paid close attention to [2]. The sun is the main source of energy for various physical processes 
in the natural environment, the basic driving force for the formation and evolution of weather 
and climate, and the main source of energy for terrestrial ecosystems. With the continuous 
depletion of non-renewable resources such as oil and coal, the problem of climate change is 
becoming increasingly prominent today. As a renewable and clean energy, the development 
and utilization of The solar energy resources is one of the important ways to solve the global 
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energy and climate crisis [3]. In order to make rational layout and scientific policy for the 
development and utilization of The solar energy resources, the evaluation of The solar energy 
resources is the foundation. China is rich in The solar energy resources, and the annual 
exposure of total solar radiation in various places is only one time. The solar energy resources 
in most areas are superior to those in developed countries such as Europe and Japan, and The 
solar energy resources have great development potential [4]. Construct the regression 
relationship between the total solar radiation and the conventional meteorological elements, 
then analyze the spatial and temporal distribution trait of The solar energy resources, and 
finally evaluate the richness and stability of The solar energy resources, which provides 
scientific basis and data support for rational development and utilization of The solar energy 
resources in Northeast China [5]. Based on the ground observation data of 71 meteorological 
stations in three northeastern provinces (Heilongjiang, Jilin, Liaoning) from 1961 to 2012, this 
paper analyzes the spatial distribution and changing trend trait of annual total solar radiation 
and growing season total solar radiation in this area in recent 52 years from different time 
scales (years, years, seasons), aiming at providing scientific basis for rational development and 
utilization of The solar energy resources in Northeast China and formulating adaptive 
countermeasures to avoid possible climate risks under the background of climate change. 

2. Materials and methods 

2.1. Data source area 

There are 71 meteorological stations in Northeast China (Heilongjiang, Jilin and Liaoning) with 
daily meteorological data from 1961 to 2012. When selecting radiation stations, it is not limited 
to the stations in the province, but the radiation stations with geographical location close to 
other areas are selected from the radiation stations in Northeast China. Meanwhile, the 
radiation stations in surrounding provinces in Northeast China are comprehensively compared 
in terms of data record integrity, distance from the study area and other factors, and the 
radiation stations are selected. The daily data set of China's surface climate data, after strict 
quality control and inspection, shows that the error rate of sunshine hours is one in ten 
thousand, and the missing rate is about one in ten thousand [6]. Read the daily meteorological 
data (sunshine hours) of 71 meteorological stations, and revise the missing sunshine hours data. 
If the missing measurement sequence is less than 5d, the missing measurement value is 
replaced by linear interpolation method; If the missing measurement sequence is greater than 
or equal to 5 days, the missing measurement value will be replaced by the multi-year average 
value of the same daily value. In order to accurately calculate the solar radiation in different 
parts of Northeast China, the meteorological stations in Northeast China should be reasonably 
divided. According to the correlation coefficient and Euclidean distance method, the results of 
the two methods are basically the same. 

In this study, these products are used as environmental covariates to interpolate the climatic 
mean value of total solar radiation in sandy areas of northern China, so as to improve the 
interpolation accuracy of spatial distribution of solar radiation. At present, there are few 
radiation observation stations, so it is uncertain to evaluate the spatial and temporal 
distribution of solar energy [7]. Therefore, in this study, the statistical inversion method is used 
to estimate the total radiation of conventional meteorological stations, and xgboost algorithm 
is used to construct the regression relationship between the total radiation and covariates. The 
covariates are as follows: temperature, precipitation, sunshine hours, relative humidity, wind 
speed, station air pressure, potential evapotranspiration thermal term, altitude, longitude and 
latitude, and the simulation scale is month. Xgboost extreme gradient lifting is an integrated 
learning algorithm based on decision tree, and the applied algorithm is the improvement of 
gradient lifting decision tree, which can be used for both classification and regression problems. 
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As an efficient machine learning algorithm, xgboost and related efficient gradient decision tree 
algorithms are often used in the simulation and prediction of meteorological elements. 

2.2. Solar radiation and climate tendency 

In this paper, sunshine stability, ambient temperature, total radiation and stability of The solar 
energy resources are used to evaluate the overall situation of The solar energy resources in 
sandy areas. Among them, the sunshine stability and the stability of The solar energy resources 
reflect the state and range of solar energy changes within a year, the ambient temperature is an 
important parameter to measure whether solar energy utilization devices can exert normal 
benefits, and the total radiation reflects the endowment of The solar energy resources. 
Therefore, based on the above indicators, the development potential of The solar energy 
resources in a certain area can be better evaluated. Sunshine stability is expressed by the ratio 
of the maximum value and the minimum value of the number of days with sunshine hours 
greater than 6 hours in each month. The stability of The solar energy resources is expressed by 
the ratio of the maximum value to the minimum value of the monthly average daily total 
radiation. The classification criteria are: < 0. 28 is unstable, 0. 28~0. 36 is average, 0. 36~0. 47 
is stable, and ≥0. 47 is very stable [8]. In this study, the annual values of each index of 189 
stations in Northeast China from 1990 to 2020 were counted, and then the 30-year climate 
average was obtained and spatial interpolation was carried out. The distribution of direct solar 
radiation in China deviates from the zonal distribution to a great extent due to the great 
influence of monsoon climate and topographic conditions, and has local trait. It is characterized 
by the fact that the Qinghai-Tibet Plateau is a strong and high center, with the maximum value 
of the center exceeding 170, and thus extending to the Hexi Corridor, Inner Mongolia, the east 
and the rain shadow areas of Hengduan Mountains. In these areas, either because of the dry 
climate, high altitude, or because of the terrain conditions of leeward slope, the amount of cloud 
is less, which makes the direct solar radiation stronger throughout the year. Tianshan Mountain 
is also a high-value area, which is obviously related to high mountain conditions. The low value 
area is distributed in Sichuan Basin and its surrounding mountainous areas up to the middle 
and lower reaches of the Yangtze River, and the lowest value is less than 48. The annual 
variation of direct solar radiation is closely related to the seasonal variation of atmospheric 
circulation conditions, besides the geographical latitude. This is mainly reflected in the 
influence of clouds and rainy season on direct solar radiation. The evolution trend from south 
to north in the month when the maximum value appears coincides with the advance and retreat 
of rainy season in this area. Solar energy is bound to be one of the biggest contributors to 
reducing greenhouse gas emissions and mitigating climate change [9]. 

2.3. Evaluation of solar radiation degree and stability 

As shown in Table 1, the annual total solar radiation is used as an index to evaluate the richness 
of The solar energy resources. Evaluation of the stability of The solar energy resources: The 
number of days with sunshine hours greater than 6 h in each month is used as an index, which 
can reflect the utilization value of The solar energy resources in a day. The ratio of the maximum 
value to the minimum value of the sunshine hours in each month of a year can reflect the 

stability of The solar energy resources. The stability index K of The solar energy resources 

indicates that the value of K can reflect the annual variation of local The solar energy resources. 

The smaller the value of K , the more stable the annual change of solar energy resources is, 

which is more conducive to the utilization of The solar energy resources. Stability: K < 2; Stable: 

2 < K  < 4; Unstable: K >4.Such as formula (1). 

),,,min(

),,,max(

1221

1221

DayDayDay

DayDayDay
K 


=

                                                                   (1) 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 8, 2022 

ISSN: 2664-9640                

334 

Where day1, day2, and day12 are the days from January to December when the sunshine hours 
are more than 6 h; Max (), min () are the standard functions for maximum and minimum values. 

Table 1 Solar Energy Resource Abundance  

Total annual solar radiation Resource richness 

>6400 The richest 

5050-6400 Very plentiful 

3870-5050 Plentiful 

<3870 Common 

The solar radiation formula is mainly used to calculate the radiation value of each month in the 
year, so the simulation accuracy of different month formulas is very important. In order to test 
the simulation accuracy of the monthly regression equation, the data of two stations are 
modeled by cross-checking method, and the coefficients of the stations are obtained 
respectively. According to the coefficients, the simulation of the total solar radiation value of 

the two stations is calculated, and the error = %100
)(

2

21 
−

R

RR
is calculated by comparing with 

the actual measured value. Then, the calculated error of each month in the past 50 years is 
averaged. As shown in Figure 1, it can be seen that the monthly average relative error of the 
fitting formula fluctuates around 6%. Except in summer, the error is about 10%, and the error 
in other months is basically 8% left and right. Generally speaking, the calculation formula has 
little difference in the simulation accuracy of each month, and all of them can simulate well. 

 
 Figure 1 Change trend of relative error 

3. Research results and analysis 

3.1. Spatial distribution of solar energy resources in Northeast China 

Northeast China is rich in solar energy resources. The annual total solar radiation is between 
4,050 and 5,454, decreasing from south to north along the latitudinal direction. The annual total 
solar radiation of 58% stations is more than 4,800. Due to drought and little rain, the southern 
and western regions of Liaoning are rich in solar energy resources, with the annual total solar 
radiation exceeding 5050. The central and eastern Liaoning Province, most of Jilin Province and 
the central and southern regions of Heilongjiang Province are rich in solar energy resources, 
with the annual total solar radiation ranging from 4800 to 5050. The 4800 contour line runs 
through the central part of Heilongjiang Province, basically parallel to the boundary between 
Hei-Ji Province, and the solar energy resources in the area north of the contour line are less 
than 48008. The total solar radiation in the growing season in Northeast China is between 2,750 
and 4,850, and its spatial distribution is basically consistent with the annual solar radiation. 
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The solar energy resources in the growing season in southern and western Liaoning are more 
than 4,000, the solar radiation in Daxing 'anling area in northwest Heilongjiang is less than 

3,400, and the solar radiation in other areas is between 3,400 and 4,000. The K value of 
southern and western Liaoning and central and southern Jilin, which are rich in solar energy 
resources, is less than 2, which indicates that the annual variation of solar energy resources in 
this area is small, which is conducive to the utilization of solar energy resources and the stability 

of solar energy resources. In Daxing 'anling area of Heilongjiang province, the K value is greater 

than 4, and the solar energy resources are unstable. In other areas, the K  value is between 2 
and 4, and the solar energy resources are relatively stable. 

3.2. Trends of Solar Energy Resources in Northeast China 

Northeast China is rich in solar energy resources in spring and summer, the solar radiation is 
obviously higher than that in autumn and winter, and the solar radiation in four seasons has 
obvious changes. The annual decrease of solar energy resources in Northeast China is mainly 
caused by the decrease of solar radiation in spring and summer. During the study period, the 
solar radiation in spring and summer decreased a lot respectively, and the climate tendency 
rate was negative. The significant stations accounted for more than half of the total stations, 
and the solar radiation in autumn and winter was low, which was obviously lower than the 
decrease of solar energy resources in spring and summer. The growing seasons of crops in 
Northeast China are mainly spring and autumn. In the growing seasons of spring and autumn, 
the amount of solar radiation is high, and the climate tendency rate is negative respectively, but 
there is little change. The contribution of different seasons to "darkening" and "brightening" in 
China is quite different, showing obvious seasonal trait. The change trend of the national 
average oral exposure hours in each season is basically the same as that of the annual value, but 
the decline range is different, and the seasonal difference is obvious. Secondly, the decline rate 
in summer is the largest, followed by that in winter, and the decline rate in spring and autumn 
is quite significant, which has passed the significance test. The change of solar energy in China 
is also very complicated, and the phenomenon of "darkening" and "brightening" has obvious 
"regional" and "seasonal" trait. As far as the region is concerned, "darkening" is universal, but 
"brightening" is local. As far as the season is concerned, the changes of the four seasons in 
"darkening period" are consistent, but the ranges of changes are different. The changes of the 
four seasons in "brightening period" are more different, and the contributions of different 
seasons to "brightening" are obviously different. For small areas, their seasonal trait are not 
exactly the same. The annual decrease of solar energy resources in Northeast China is mainly 
caused by the decrease of solar radiation in spring and summer, and there is no significant 
change in solar radiation in the growing season in spring and autumn. 

4. Conclusion 

Northeast China is rich in solar energy resources, and the annual solar radiation is relatively 
stable, decreasing from south to north along the latitude. The total solar radiation changes little 
in the growing season, and its spatial distribution is basically consistent with the annual solar 
radiation. Solar energy resources in southern and western Liaoning and central and southern 
Jilin are stable; The solar energy resources in Daxing 'anling area of Heilongjiang province are 
unstable, while those in other areas are relatively stable. The annual solar radiation shows a 
decreasing trend with the age, and the interdecadal variation of solar radiation in the growing 
season is small, experiencing a process from "darkening" to "brightening". In 1980, the solar 
radiation in the growing season reached the minimum value. In the next few years, the total 
amount of solar radiation decreases less, and the variation range is smaller in the growing 
season. The change is not as obvious as the annual solar radiation, because the growing season 
is prolonged due to climate change. The solar radiation inversion method based on xgboost 
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algorithm can well estimate the total radiation in the sand area. In the future, xgboost algorithm 
can be introduced to improve the efficiency and accuracy of statistical inversion. The solar 
energy resources in Northeast China are the most abundant or very abundant, but the solar 
energy resources are unstable and the ambient temperature is low. On the whole, the solar 
energy resources in Northeast China have the best endowment and the greatest development 
potential, so the investment in the development of solar energy resources in this area should 
be increased. 
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