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Abstract
Climate warming has a great impact on grain production in northeast China, but there are few studies on
the temporal and spatial variation characteristics of annual Tmean (mean temperature), the impact of
meteorological factors on Tmean, and the impact of Tmean increase on grain production in northeast
China. This study found that annual Tmean decreased from southeast to northwest in Northeast China,
and there were regional differences in spatial distribution. The annual Tmean isoline in Northeast China
moves obviously from southeast to northwest. The annual warming trend of Tmean was signi�cant from
1971 to 2000, and moderated from 2001 to 2020. In recent 50 years, Tmean had obvious periodic
changes. In the mid-late 1980s, annual Tmean had a sudden warming change, and since then it has been
rising continuously. Sunshine hours, average wind speed, evaporation and average air pressure had a
very signi�cant correlation with Tmean. In conclusion, the climate change in northeast China in the past
50 years has an obvious warming and drying trend, and there are regional differences in the warming and
drying. The warming and drying climate has brought challenges to agricultural production and food
security in Northeast China. However, the negative effects of grain production reduction caused by
warming and drying climate can be avoided to a certain extent if we deal with it properly.

1. Introduction
The �fth assessment report of intergovernmental panel on climate change (IPCC) predicts that the world
will continue to heat up in the 21st century1,2. Global warming has signi�cantly reduced ice cap, tundra,
and boreal climate, and expanded temperate climates, dry climates and savanna climates3. The blue
book on climate change in China (2021) points out that the trend of global warming continues. The
average land surface temperature of Asia in 2020 is 1.06 ℃ higher than the annual value, which is the
warmest year since the beginning of the 20th century, the period from 2011 to 2020 was the warmest
decade since 18504. As the key meteorological element of regional response and mutual feedback of
global climate change, the characteristics of temperature change have attracted more and more
attention5,6. China is one of the most vulnerable regions to climate change in the world. Climate change
has a profound impact on sustainable economic and social development and poses a serious threat to
food security, ecological security and water resources security7,8. Climate change will increase the
instability of agricultural production, increase the �uctuation of output, and change the layout and
structure of agricultural production9–11. Climate change has aggravated the comprehensive land
pressure, seriously affected the global food security, and increased the disaster risk and loss of
agricultural production, especially in some vulnerable regions12. Climate change has led to the shift of
climate zone. High temperature heat wave, drought and cold wave begin to appear in new regions. The
expansion of arid and semi-arid regions affects the planting of crops in different regions13–15. In the
context of global warming, meteorological disasters such as drought and �ood have had a serious
impact on crops in Northeast China16,17.



Page 3/22

Northeast China is an important major grain producing area in China. The basic characteristics of the
ground in Northeast China are that water surrounds mountains and fertile �elds are thousands of miles.
The soil in this area is black soil, with vertical and horizontal hydrothermal conditions, and there is great
potential for grain production. Northeast China consists of Heilongjiang, Jilin and Liaoning provinces and
four league cities in eastern Neimenggu (hereinafter referred to as East-Neimenggu). Heilongjiang
Province ranks �rst in the country in terms of land conditions and is one of the three famous black soil
belts in the world. Heilongjiang Province ranks �rst in the country in terms of land conditions and is one
of the three famous black soil belts in the world. Songliao Plain in the middle of Jilin Province has fertile
soil and is known as "golden corn belt" and "hometown of black land". It is an important commercial grain
production base in China. Hulunbeier grassland in East-Neimenggu is one of the four grasslands in the
world and is known as the best grassland in the world.

Climate warming and its negative effects have brought severe challenges to food security in Northeast
China. In order to ensure regional food security and effectively deal with the adverse effects of climate
warming, the impact of climate warming in Northeast China was studied18,19. Based on the
meteorological data of international meteorological exchange station in Northeast China from 1971 to
2020, this paper studies the temporal and spatial distribution characteristics of Tmean in recent 50 years,
analyzes the interaction between sunshine duration, wind speed, evolution, pressure and Tmean, and
discusses the impact of climate warming on agricultural production and food security in Northeast China.
Reveal the temporal and spatial variation law of Tmean in Northeast China and the correlation between
meteorological elements. It is hoped to provide reference for the sustainable agricultural development
and regional food security in Northeast China.

2. Result
Spatial distribution characteristics of annual Tmean.

Based on the meteorological data of 34 ground international exchange stations, the spatial distribution
and change of annual Tmean in Northeast China are analyzed. From 1971 to 2020, the annual Tmean in
Northeast China generally decreased from southeast to northwest, and the annual Tmean was about
-4.2 – 11.2 ℃ (�g.1). In Liaoning Province in the south of Northeast China, the annual Tmean decreased
from south to north, and the annual Tmean was about 7 – 11.2 ℃ (�g.1). In Jilin Province in the Middle
East of Northeast China, the annual Tmean decreased from southwest to northeast, and the annual
Tmean was about 4 – 7 ℃ (�g.1). In Heilongjiang Province in the north of Northeast China, the annual
Tmean decreases from southwest to northeast and from southeast to northwest, and the annual Tmean
is about -0.7 – 5 ℃ (�g.1). The annual Tmean in East-Neimenggu where belongs to the west of Northeast
China decreased from south to north, and the annual Tmean was about -4.2℃ – 8℃. 

The highest Tmean was found in the southern part of Liaoning Province, and the highest Tmean was
above 11.2 ℃ (�g.1). The annual Tmean of Hulunbeier in the west of East-Neimenggu is the decade
between the South and north of East-Neimenggu is the largest (�g.1).



Page 4/22

 

Temporal variation trend of annual Tmean.

The period from 1971 to 2020 is divided into �ve periods. D1 represents the period from 1971 to 1980, D2
represents the period from 1981 to 1990, D3 represents the period from 1991 to 2000, D4 represents the
period from 2001 to 2010, and D5 represents the period from 2011 to 2020. The annual Tmean of
Northeast China in any decade generally decreases from southeast to northwest in this area the
annual Tmean isoline moves from southeast to northwest (Fig.2).

D1, the annual Tmean of Liaoning province is about 6 – 10 ℃, the annual Tmean of Jilin province is
about 4 – 6 ℃, the annual Tmean of Heilongjiang province is about -1 – 4 ℃, and the annual Tmean
of East-Neimenggu is between -4 – 7 ℃ (Fig.2-A). D2, the annual Tmean of Liaoning province is about
7 – 10 ℃, the annual Tmean of Jilin province is about 4-6 ℃, the annual Tmean of Heilongjiang province
is about 0 – 4 ℃, and the annual Tmean of East-Neimenggu is between -4 – 8 ℃ (Fig.2-B). D3, the
annual Tmean of Liaoning province is about 8 – 11 ℃, that of Jilin province is about 5 – 7 ℃, that of
Heilongjiang province is about 0 – 5 ℃, and that of East-Neimenggu is -3 – 8 ℃ (Fig.2-C). D4, the
annual Tmean of Liaoning province is about 8 – 11.5 ℃, that of Jilin Province is about 5 – 7 ℃, that of
Heilongjiang province is about 1 – 5 ℃, and that of East-Neimenggu is about -3 – 8 ℃ (Fig.2-D). In these
areas, the annual Tmean of D5 period is close to that of D4 period (Fig.2-E).

Fig.2, During D1, D2 and D3, the annual Tmean in Northeast China increases signi�cantly, the high-
temperature area increases signi�cantly, the low-temperature area decreases, and the
annual Tmean isoline in Northeast China moves signi�cantly from southeast to northwest. In D4 period,
compared with D1 period, the low-temperature range in the northwest of Northeast China is gradually
narrowing, and the high-temperature range in the southeast is increasing. During D4 and D5, the
annual Tmean warming in Northeast China slowed down, and the annual Tmean has been maintained at
a high level. During D1 – D5 periods, the annual Tmean of Liaoning province is the highest, the
annual Tmean of south East-Neimenggu, Jilin province and most parts of Heilongjiang province is in the
middle, and the annual Tmean of north East-Neimenggu and northwest Heilongjiang province is the
lowest (Fig.2).

 

Anomaly analysis of annual Tmean.

Fig.3-A, In recent 50 years, the annual Tmean in Northeast China has increased signi�cantly, and the
average temperature increasing rate is about 0.31 ℃/10a. Using the previously divided time periods D1,
D2, D3, D4 and D5, through calculation, it can be seen that D2 increases the temperature by about 0.45
℃ compared with D1, D3 increases the temperature by about 0.56 ℃ compared with D2, D4 increases
the temperature by about 0.18 ℃ compared with D3, and D5 increases the temperature by about 0.04 ℃
compared with D4. Taking 2000 as the boundary, the annual tmean in Northeast China �uctuated and
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increased signi�cantly from 1971 to 2000, and the temperature increase rate was about 0.5 ℃/10a.
From 2001 to 2020, the annual tmean warming trend in Northeast China slowed down, and the warming
rate was about 0.11 ℃/10a. The annual Tmean values of 1971, 1977, 1978, 1991, 1993, 1996, 2005 and
2018 are the closest to the trend line (Fig.3-A).

Fig.3-B, in recent 50 years, the annual Tmean in Northeast China showed a trend of low—high—low—high
wave period, the wave period from 1971 to 2008 was longer, but the wave period from 2009 to 2020 was
signi�cantly shortened. From 1971 to 1988, the annual Tmean anomaly column was mostly negative,
and the anomaly column was longer, only 1975 and 1982 were positive anomaly values. The annual
Tmean anomaly values �uctuated more frequently from the 1989 to 2008, the positive anomaly columns
and they are longer. The annual Tmean from 2009 to 2013 were all negative anomalies, and the annual
Tmean from 2014 to 2020 were all positive anomalies.

 

Time series mutation analysis of Tmean.

Analysis of Mann-Kendall (α=0.05, critical line ±1.96) mutation of annual Tmean in northeast China in
recent 50 years showed that annual Tmean had a warming trend from the mid-late 1980s, but it was not
obvious (Fig.4). In the graph, UF curve and UB curve have an intersection between two critical value lines
(Fig.4). According to the location of the intersection, the mutation time is 1988. Since 1990, the UF curve
has exceeded the critical value line, and the annual Tmean has a signi�cant temperature rise trend
(Fig.4).  

 

Analysis of cyclical changes in Tmean.

In the past 50 years, the annual Tmean of the northeast China existed high-frequency waves below 10a
and low-frequency waves above 15a, and the high-frequency waves appeared frequently from 1971 to
2020 (Fig.5). The annual Tmean had the strongest periodic oscillation at about 7a, with obvious periodic
change. There were several high-frequency cycles in annual Tmean before 1983. Tmean from 1984 to
1987 is a high-frequency period. From 1989 to 2013, there was a low-frequency period in Tmean, and
multiple high-frequency periods were included in the low-frequency period (Fig.5). During this period, the
annual temperature of Tmean increased signi�cantly. The annual Tmean showed a new cycle change
after 2014, and the cycle did not close in 2020, indicating that the cycle change was not �nished (Fig.5).

 

Correlation analysis of meteorological factors.

Tab.1 Correlation analysis of meteorological factors.
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 Tmean Sunshine 
duration

Wind 
speed

Evaporation Pressure

Tmean ——       
Sunshine duration 0.44** ——      
Wind speed 0.38** 0.51** ——    
Evaporation 0.71** 0.68** 0.72** ——  
Pressure 0.43** 0.22** -0.14 0.24** ——

Note: * p<0.05, ** p<0.01. Wind speed refers to the average wind speed every 2 minutes.

The results of correlation analysis show that Tmean is signi�cantly correlated with sunshine duration,
wind speed, evaporation and pressure (Tab.1). Sunshine duration is signi�cantly correlated with wind
speed, evaporation and pressure. The wind speed is signi�cantly correlated with evaporation. Evaporation
has a very signi�cant correlation with pressure.

 

Spatial distribution of relevant meteorological factors.

In recent 50 years, the average annual sunshine duration in Northeast China decreased from west to east,
and the average annual sunshine duration was about 2210 – 3000 h (Fig.6-A). The average annual
sunshine duration in East-Neimenggu is the highest, which can reach about 3003 h. The average annual
sunshine duration in the eastern part of Jilin province and the southeastern part of Heilongjiang province
is relatively low, and the average annual sunshine duration in the eastern part of Jilin province is the
lowest, which can reach about 2216 h (Fig.6-A).

In recent 50 years, the average annual wind speed in Northeast China has obvious differences in different
regions, and the average annual wind speed is about 1.2 – 4.2 m/s. The average annual wind speed in
Heilongjiang province is generally large, but the average annual wind speed of the regions near the
Greater Khingan Mountains and Lesser Khingan Mountains is relatively small, about 2 m/s (Fig.6-B). The
average annual wind speed of Jilin province varies signi�cantly from the east to the west, and the region
near the Changbai Mountains has the lowest average annual wind speed of about 1.3 m/s (Fig.6-B). The
average annual wind speed of the region near the Greater Khingan Mountains in East-Neimenggu is
relatively small, about 2.1 m/s (Fig.6-B). The average annual wind speed of the areas near the branch of
Changbai Mountain in Liaoning province is relatively small, while that of the coastal areas is relatively
large (Fig.6-B). 

In the last 50 years, the average annual evaporation in northeast China decreased from southwest to
periphery, and the average annual evaporation was about 1000 – 2000 mm (Fig.6-C). The average annual
evaporation is relatively high in the southern part of East-Neimenggu and the southwestern part of
Liaoning province, and it is the highest in the southwestern part of Liaoning province, which can reach
about 2018 mm (Fig.6-C). The average annual evaporation in the northern part of East-Neimenggu is the
lowest, up to about 967 mm (Fig.6-C). In recent 50 years, the average annual pressure in Northeast China
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decreased from east to west, and the average annual pressure was about 890 – 1010 hpa (Fig.6-D). The
average annual pressure of Heilongjiang province is about 980 – 1000 hpa, while the average annual
Pressure of the areas near the Greater Hinggan Mountains is relatively low (Fig.6-D). The average annual
pressure in Jilin province is about 980 – 990 hpa, and the change of the average annual pressure in Jilin
province is the smallest (Fig.6-D). The average annual pressure in Liaoning province is about 990 – 1010
hpa, and the average annual pressure in the southern coastal areas of Liaoning province is the highest in
northeast China (Fig.6-D). The average annual pressure in East-Neimenggu is about 890 – 990 hpa, and
the average annual pressure in the west of the Greater Hinggan Mountains is relatively low, among which
the average annual pressure in Xing'an league region is the lowest in Northeast China (Fig.6-D). 

3. Discussion
Spatial distribution of annual Tmean.

Northeast China is one of the regions with signi�cant warming due to global warming and has unique
characteristics of temperature change. The study found that the spatial distribution of annual Tmean
decreased from southeast to northwest in Northeast China in the past 50 years, and the spatial
distribution of annual Tmean had obvious regional differences, which was similar to the research results
of Dongsheng Zhao23 et al. The regional difference between the southern and northern parts of Northeast
China is the most signi�cant, and the warming amplitude of different regions is obviously different. From
the 1960s to the early 21st century, the temperature increase trend was obvious in the boundary area of
Jilin, Heilongjiang and East-Neimenggu, while the temperature increase was weak in the middle of
Liaoning province and the center of East-Neimenggu near the border area24–26. Heilongjiang province had
the largest temperature increase, followed by Jilin province.

Temporal variation of annual Tmean.

In recent 50 years, the annual Tmean in Northeast China has an obvious warming trend, with an increase
of 0.31 ℃ per decade, which veri�es and extends the conclusions of Chunyu Zhao27 and Zhimei Guo28 et
al. The study found that the temperature increase amplitude of annual Tmean in every decade in
Northeast China is signi�cantly different, and there are regional differences in the annual temperature
increase amplitude of Tmean. From the 1970s to the end of the 20th century, the temperature increasing
trend of annual Tmean in was signi�cant, and the temperature increasing rate was about 0.5 ℃/10a.
After 2000, the warming trend in Northeast China slowed down. The average annual temperature in China
showed a warming trend as a whole, but the variation trend in each period was different29,30. After 2000,
the average annual temperature in China showed an obvious stagnation phenomenon.

Before the 1980s, the temperature in China �uctuated in a small range, the warming rate showed an
increasing trend in the mid-late 1980s, and the warming began to intensify in the early 1990s31,32. Mann-
kendall mutation test was conducted on annual Tmean in Northeast China, and it was found that there
was a signi�cant warming mutation in annual Tmean in the mid-late 1980s (1988), and then the
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temperature in Northeast China continued to rise. which was consistent with the research conclusion of
Lu Han33 and Xiaoyu Zhou34 that the warming mutation occurred in Northern China.

The annual Tmean in Northeast China has oscillation cycle of time variation27,35. The study found that in
the past 50 years, the annual Tmean in Northeast China has a periodic change of less than 10a and more
than 15a. From 1990s to early 21st Century, the annual Tmean of Northeast China changed periodically
for many times. Low frequency periodic changes of more than 15a were accompanied by high frequency
periodic changes of less than 10a, so the warming process in Northeast China was oscillating. Since
2014, there has been an unclosed low-frequency cycle, and it is considered that the temperature increase
of Tmean will continue at this stage.

The interaction of meteorological elements.

Since 1960s, the climatic factors such as average sunshine duration, average wind speed and
evaporation have decreased signi�cantly in Northeast China27,36. According to the research, sunshine
duration, wind speed, evaporation and air pressure are signi�cantly correlated with Tmean change. With
the continuous warming of climate, the intensity and frequency of precipitation in most parts of China
tend to increase37,38. Under the background of global warming, the response of evaporation to
temperature rise changes signi�cantly with different precipitation and climate types15. And there is a
synchronous relationship between temperature, air pressure and surface wind speed39.

From the 1960s to the early 21st century, the annual sunshine duration in Heilongjiang province, Jilin
province and Liaoning province tended to decrease, and there was a signi�cant decrease mutation in the
sunshine duration in the early 1980s40–42. The study found that annual sunshine duration decreased
from west to east in Northeast China in recent 50 years, with the strongest in the southern part of East-
Neimenggu and the weakest in the eastern part of Jilin province. Temperature, humidity and wind speed
have great correlation with sunshine duration, and wind speed is an important driving factor of sunshine
duration reduction in northern China43–44.

In recent decades, the overall tend of surface wind speed in China is weakening, and there are obvious
seasonal, regional and wind speed segment differences in surface wind speed45–47. The study found that
in recent 50 years, the annual wind speed in different regions of Northeast China is obviously different.
The annual wind speed in the areas near Greater Khingan Mountains, Lesser Khingan Mountains and
Changbai mountains is relatively small, and the annual wind speed in coastal and plain areas is relatively
large.

The variation of evaporation is signi�cantly affected by temperature, humidity, wind speed and
radiation48. The study found that the annual evaporation decreases from southwest to periphery in
Northeast China in recent 50 years, and the annual evaporation has obvious regional difference. The
rising temperature in the Northeast China region has increased the surface evaporation17. There are
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regional differences in the annual variation of evaporation, air temperature, sunshine duration, water
vapor pressure, wind speed and atmospheric humidity have signi�cant effects on evaporation49,50.

Under the background of climate warming, the pressure gradient force has obviously weakened in the
past few decades, and there is an obvious correlation between the change of pressure gradient force and
surface wind speed39. From the 1960s to the beginning of the 21st century, the average ground pressure
in Heilongjiang province, Jilin province and Liaoning province has no obvious trend change, and the
change characteristics of each region are different51.

Effects of climate warming on food production.

Climate change is a major challenge for mankind. To study the impact of climate change on agriculture is
to answer the possible impact of climate change on food security, to explore the possible future actual
food output under various climate conditions, so as to provide adaptive countermeasures and
suggestions for the sustainable development of agriculture13,19. In 2014, the IPCC released its Fifth
Assessment Report, which predicted that the impact of rising temperatures on yields of major crops
would vary by crop, region and adaptation scenario52. China is a sensitive and signi�cant area of global
climate change, and climate warming has a signi�cant impact on the stability and sustainability of
China's agricultural production53–55. The increase of average temperature has a negative effect on the
average yield of maize in China, but a signi�cant positive effect on the yield of maize in eastern
Northeast China56. With the warming of climate, the planting boundary of maize varieties in Northeast
China has been moving northward and eastward, and the high value area of its climatic productivity
potential has been moving northward10,11,14. The light temperature production potential and climate
production potential of maize in Northeast China have a regional change trend affected by temperature57.
A large number of data show that climate warming has a positive impact on crop yield in middle and high
latitudes13,58. In the reclamation area of Heilongjiang province in Northeast China, the trend of climate
warming is obvious. There is a signi�cant positive correlation between temperature in growing season
and rice yield. Under the background of climate warming, the temperature suitability of rice in Liaoning
province showed a signi�cant upward trend in each growth period, the suitability index increased by 0.05
for every 1 ℃ increase in the average temperature59.

Studies on the yield and temperature relationship at the regional scale show that more than half of
cultivated land is vulnerable to the adverse effects of warming trend. In most major grain-producing
areas, crop yield actually increases or does not change signi�cantly due to better agronomic
management measures (including adaptation)60–62. Adaptation to climate change is a key factor in
determining the severity of the impact of future climate change on food production. The growth and yield
of maize in Northeast China are gradually adapting to the warming and drying climat. Through the
improvement of maize varieties and the adjustment of sowing date, we can fully tap the yield increasing
effect of climate warming63. In addition, selecting maize varieties with long growth period, drought
resistance and high temperature resistance in the arid and semi-arid areas of Northeast China, and
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adopting advanced agricultural irrigation water-saving technology and soil and water conservation
technology can effectively deal with the warm and dry climate64.

In conclusion, the climate change in Northeast China in the past 50 years has an obvious warming and
drying trend, and there are regional differences in the warming and drying. Climate warming and drying
into Northeast China agricultural production and food security challenges, strengthen risk monitoring and
early warning, cultivate strong adaptability of crop varieties, adopts to adapt to the climate in the
agricultural production of dry cultivation techniques and management measures, etc., can effectively
guarantee regional food security and mitigating climate warming, promote the sustainable development
of agriculture.

4. Data And Methods
Overview of the study region.

Northeast China is located between 115°31′ – 135°05′ E and 38°4′ – 53°33′ N, with a total land area of
about 1271400 square kilometers, accounting for 13.2 % of China's total land area (Fig.7). Heilongjiang
province (121°11′ – 135°05′ E, 43°26′ – 53°33′ N) is located in the northeast of China (Fig.7). It is the
province with the highest longitude and latitude in China. The terrain is high in the northwest and
southeast, and low in the northeast and southwest. Jilin province (121°38′ – 131°19′ E, 40°50′ – 46°19′
N) is located in the middle of Northeast China (Fig.7). The terrain is high in the southeast, and low in the
northwest. Liaoning province (118°53' – 125°46' E, 38°43' – 43°26' N) is located in the south of Northeast
China (Fig.7). The terrain is characterized by high on the sides and low in the middle. East-
Neimenggu (115°31′ – 126°04′ E, 41°17′ – 53°20′ N) is located in the west of Northeast China, including
Xing'an league, Hulunbuir city, Tongliao city and Chifeng city, accounting for 36.4 % of the total area of
Northeast China (Fig.7).

Data sources.

The meteorological data of the study area comes from China Meteorological Data Network
(http://data.cma.cn/). Taking the annual meteorological data of 34 international meteorological
exchange stations in Northeast China from 1971 to 2020 as the research object (Fig.8). This paper
studies the temporal and spatial changes of Tmean in recent 50 years, as well as the spatial changes of
sunshine duration, wind speed, evaluation and pressure.

Spatial analysis and information map.

ArcGIS 10.7 model is used for interpolation analysis, extraction analysis, surface analysis and expression
of meteorological elements. Inverse Distance Weighted (IDW) interpolation method is used for
interpolation analysis. Mask extraction method is used for extraction analysis. Contour tool in spatial
analysis is used for surface analysis to extract corresponding isolines, and �nally a complete
meteorological geographic information map is generated.

http://data.cma.cn/
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Correlational analyses.

Pearson analysis method was used to analyze the correlation of meteorological elements4.

Mann-Kendall mutation test.

Mann-Kendall method was used for mutation test of time series1. Mann-Kendall test is an effective tool
recommended by (World Meteorological Organization (WMO) to extract sequence change trend and
mutation. It is a nonparametric test method. It advantage is that it is not disturbed by outliers and can
objectively re�ect the trend of time series. It is widely used in mutation test of climate parameters.

Wavelet analysis.

Wavelet analysis method is used for periodic analysis2. Wavelet analysis, also known as multi-resolution
analysis, is a basic mathematical means and is considered to be a breakthrough in Fourier analysis. In
climate diagnosis, wavelet transform can not only give the scale of climate sequence change, but also
show the time position of change, which is very useful for climate prediction.
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Figure 1

Spatial distribution of Tmean in Northeast China from 1971 to 2020.
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Figure 2

Annual Tmean distribution and variation in Northeast China in different periods from 1971 to 2020. A:
Distribution of annual Tmean in Northeast China from 1971 to 1980. B: Distribution of annual Tmean in
Northeast China from 1981 to 1990. C: Distribution of annual Tmean in Northeast China from 1991 to
2000. D: Distribution of annual Tmean in Northeast China from 2001 to 2010. E: Distribution of annual
Tmean in Northeast China from 2011 to 2020.
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Figure 3

Interannual variation trend of Tmean in Northeast China from 1971 to 2020. A: Annual Tmean distribution
from 1971 to 2020. B: Annual Tmean anomaly from 1971 to 2020.

Figure 4

Mann-kendall mutation test of annual Tmean in Northeast China from 1971 to 2020.
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Figure 5

Wavelet analysis of annual Tmean in Northeast China from 1971 to 2020.
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Figure 6

Spatial distribution of meteorological factors in Northeast China from 1971 to 2020. Spatial distribution
of average annual sunshine duration. B: Spatial distribution of average annual wind speed. C: Spatial
distribution of average annual evaporation. D: Spatial distribution of average annual pressure.
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Figure 7

Division and location of Northeast China.
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Figure 8

Location and station number of 34 ground international exchange stations in Northeast China.


