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ABSTRACT

The classification of Koppen climate type has been widely used to identify re-
gional climate change. This study investigated the changes of Koppen climate type
over China during 1964 - 2015. On average, the arid climate was located in the north-
west, tropical climate, temperate climate, and cold climate were distributed in the
east from south to north along the latitude, and polar climate was concentrated on
the Tibetan Plateau. Comparing K&ppen climate types during 1964 - 1989 and 1990
- 2015, we found that cold climate with dry winter was replaced by a cold steppe
climate in Northeast China and North China, warm summer was replaced by cold
summer in Northeast China and the Tibetan Plateau, tundra climate was substituted
by cold climate in the Tibetan Plateau, and cold climate was replaced by temperate
climate in Central China and East China. Our results showed that the arid climate
expanded eastward and southward, which may have resulted from a decrease in pre-
cipitation. Owing to the increase in temperature, the climate zones moved northward.
This study provides valuable insights for government decision-makers in formulating

crop planting systems, water resource management, and land use planning.

1. INTRODUCTION

Climate is the average state of the atmosphere in a re-
gion, which is affected by both internal factors and exter-
nal forces. Anthropogenic and natural forces cause climate
change with spatial variations (Zhai et al. 2014; Zhou et al.
2016; Shen et al. 2020). Over the past century, global warm-
ing has been the most significant feature of climate change,
and human factors are the primary cause (Foley et al. 2005).
Climate change can have an important impact on human
life, agricultural production, environmental conditions, and
the social economy (Bai et al. 2020; Li et al. 2020; Liu et al.
2020; Shen et al. 2021a, b; Wang et al. 2021). Many mea-
surements are considered when evaluating climate change,
such as temperature, precipitation, relative humidity, wind
speed, and solar radiation (Wang et al. 2020). However,
each of these measurements only analyzes a single aspect of
climate change, whereas the climatic conditions of a region
are the result of the comprehensive influence of various me-
teorological factors. To combine related weather conditions,
researchers have created various classifications, such as the
Koppen climate classification.
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The Koppen climate classification system, established
by Koppen in the early 20th century, was the first quan-
titative climate classification system (Rubel et al. 2017).
Koppen established five climate zones based on vegetation
type and regarded this as the first-level climate classifica-
tion. Based on the first-level climate classification, the sec-
ond- and third-level classifications are carried out using the
monthly, seasonal, and annual distribution characteristics of
temperature and precipitation (Peel et al. 2007). Given the
abundant data available, the simplicity of the Koppen stan-
dards, and their adaptability to grasslands, deserts, tundra,
forests, and other landscapes, the Koppen climate classifica-
tion has been widely used in agriculture, climate, meteorol-
ogy, and the hydrological environment (Belda et al. 2014).

To date, applications of the Képpen climate classifica-
tion have mainly focused on the following aspects: (1) using
meteorological data on different time scales to study climate
distribution characteristics globally and regionally (Kottek
et al. 2006; Alvares et al. 2013); (2) investigating climate
change over different spatial and time scales, including
exploration of changes between paleoclimate and modern
climate, changes in the present climate, and prediction of fu-
ture climate change (Feng et al. 2012; Zhang and Yan 2014;
Yoo and Rohli 2016; Rajaud and de Noblet-Ducoudré 2017;
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Dubreuil et al. 2019); (3) applying the Koppen climate clas-
sification to the output of various models and comparing it
with the classification based on existing datasets to evaluate
these models (McMahon et al. 2015; Tapiador et al. 2019);
and (4) combining it with other studies, such as those on
biological communities, soil types, particulate matter, and
runoff to further understand the impact of climate change on
the environment (Praznikar 2017; Wang et al. 2019).

As the third largest country in the world, China has a
unique climate zoning scheme based on regional character-
istics. To compare the climate of China with the global cli-
mate, many researchers have used the K&ppen climate clas-
sification to study the distribution and changes of climate in
China. Kim et al. (2008) used the Koppen climate classifica-
tion to study the distribution and changes in the arid climate
of North China. Subsequently, Baker et al. (2010) combined
the Koppen climate classification with ecology to study the
impact of climate change on ecological regions. Recently,
Chan et al. (2016) predicted the changes in the Koppen cli-
mate zones over China in the 21st century. Previous stud-
ies investigating the Koppen climate classification in China
have mostly focused on the distribution of the long-term av-
eraged Koppen climate type, ignoring the dynamic change
of the Koppen climate type in the context of global climate
change. The annual climate type is valuable for observing the
boundaries, evolution, and diversity of climate in a region.
The sites with the most frequent occurrence of a certain cli-
mate type are climate-stable areas, and the sites with varied
annual climate types are climate transition zones. However,
no attempts have been made to explore the characteristics of
climate change in China from the perspective of frequency
changes in the annual Koppen climate type. The Koppen
climate classification is defined based on a series of tem-
perature and precipitation thresholds. Once the temperature
or precipitation in a certain year exceeds this threshold, the
climate type may be inconsistent with the average climate
type. Based on the correlation between the K&ppen climate
type and natural vegetation pattern, the study of its changes
is valuable for understanding the impact of climate change
on the distribution of biological communities. Moreover,
this study can provide a scientific basis for agricultural plan-
ning, urban infrastructure management, and forestry layout.
Therefore, it is important to study the changes in the Koppen
climate type, including frequency changes. Changes in tem-
perature and precipitation show distinct regional differences
in China (Shen et al. 2014; Xu et al. 2019). How will these
changes affect the dynamic change in the Koppen climate
type in China? Will climate zones move northward ow-
ing to climate warming? Will the arid climate zone expand
eastward? With the change in climate type, crop planting
systems, vegetation distribution, biological communities,
and ecosystems will change. Understanding the changes in
the Koppen climate types in China will help to formulate
measures to adapt to and mitigate these changes to promote

sustainable development.

This paper used the monthly temperature and precipi-
tation data from 458 weather stations to explore the Képpen
climate type changes during the period of 1964 - 2015 in
China. The main purposes of this paper are: (1) to explore
the changes in the temperature and precipitation; (2) to ana-
lyze the changes in the average Koppen climate type at each
station; (3) to investigate the changes in the frequency of
annual Koppen climate type at each station. The objective
of this paper is to explore Kdppen climate change in China,
which can provide a basis for political policies such as water
resources management, crop system formulation, and land
resource management.

2.DATA AND METHODS
2.1 Climate Data

We obtained the datasets of monthly average tempera-
ture and precipitation from more than 800 stations during
1964 - 2015 from the China Meteorological Administration.
The climate data has been strictly controlled and inspected
by the China Meteorological Administration, and we elimi-
nated the stations with missing data. Finally, 458 weather
stations with complete data were used in this study. The
weather stations are mainly distributed in the eastern region,
while the number of stations in the western region is limited.

2.2 Koppen Climate Classification

The Koppen climate classification system creates
classifications according to temperature and precipitation
data, which are essential for assessing climate change and
are available at each weather station. The Koppen-Geiger
climate classification criteria used in this study are listed
in Table 1. There are five main climate zones in this clas-
sification: (A) tropical, (B) arid, (C) temperate, (D) cold,
and (E) polar. The arid climate is classified first, and then
the tropical, temperate, cold, and polar climates are classi-
fied in sequence. Based on the seasonal characteristics of
temperature and precipitation, each climate zone was di-
vided into climate subtypes. For the detailed standards of
the Koppen climate classification, please refer to the report
by Peel et al. (2007).

Notably, as shown in Table 1, some sites satisfy the
dry summer climate (Cs) and dry winter climate (Cw) cri-
teria simultaneously. In such a situation, it is necessary to
determine whether it is dry in summer or in winter based on
the seasonal rainfall. For example, Table 2 showed the re-
cords of monthly temperature and precipitation for the Dali
station averaged from 1964 to 1989. More than 70% of the
precipitation for the Dali station occurred in summer, with
a Pyeo Of 57.8 (calculated as 2 x 15.1 + 28), which was
not an arid climate. T,y was 8.2°C, and T, was 20.1°C,
indicating Dali has a temperate climate. Py, (24.9 mm) was
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Table 1. Description of the Képpen climate type criteria. MAP = mean annual
precipitation, MAT = mean annual temperature, T}, = temperature of the hot-
test month, T, = temperature of the coldest month, T,,,,,;o = number of months
where the temperature is above 10, Py, = precipitation of the driest month, P,
= precipitation of the driest month in summer, P4, = precipitation of the driest
month in winter, P, = precipitation of the wettest month in summer, P, =
precipitation of the wettest month in winter, Py,.q04 = varies according to the
following rules (if 70% of MAP occurs in winter then Py.goq = 2 X MAT,
if 70% of MAP occurs in summer then Pyqoq = 2 X MAT + 28, otherwise
Piireshold = 2 X MAT + 14). Summer (winter) is defined as the warmer (cooler)
six-month period of April to September (October to March). The unit for pre-

cipitation and temperature is mm and °C, respectively.

Ist 2nd 3rd Description Criteria
A Tropical Tea=18
Rainforest Pyy =60
Monsoon Not (Af) and Py, = (100 - MAP/25)
w Savannah Not (Af) and P, < (100 - MAP/25)
B Arid MAP < 10 X Pyresnon
w Desert MAP < 5 X Pyreshola
Steppe MAP = 5 X Pyreshond
Hot MAT = 18
Cold MAT < 18
C Temperate The>10and 0 < Ty < 18
Dry Summer Py <40 and P,y < P /3
w Dry Winter Py < Pyed 10
Without dry season Not (Cs) or (Cw)
Hot Summer Tho =22
Warm Summer Not (a) and Ty, 0= 4
Cold Summer Not(aorb)and 1 =T, <4
D Cold Ty >10and T,y <0
Dry Summer Py <40 and Py, < P/3
w Dry Winter Py < Pyyed 10
Without dry season Not (Ds) or (Dw)
Hot Summer Thot =22
Warm Summer Not (a) and T, =4
Cold Summer Not (a, b or d)
Very Cold Winter Not (a or b) and T, < -38
E Polar Thee < 10
Tundra Th >0
Frost T =0

Table 2. Monthly precipitation (mm) and average temperature (°C) for the Dali station averaged from

1964 to 1989.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Precipitation 149 240 315 249 603 178.6 181.7 2233 1655 1015 339 159
Temperature 82 103 13.1 156 188 20.1 200 192 179 152 114 84
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less than 40 mm and below one-third of Py (33.8 mm),
which indicated that it was a temperate climate, with Cs. At
the same time, P4y, (14.9 mm) was less than one-tenth of
P, (22.3 mm). Therefore, the station met both the Cs and
Cw classification standards. However, the rainfall in sum-
mer (834.3 mm) was greater than that in winter (221.7 mm).
Therefore, the Dali station was determined to be the Cw cli-
mate type. Ty, was lower than 22°C, and T,,,, was greater
than 4, indicating that it was a temperate climate with a dry
winter and hot summer (Cwa). Similarly, in a cold climate,
it can also be required to determine whether the region is dry
in summer or in winter.

2.3 Methods

In China, solar radiation changed from dimming to
brightening during the early 1990s, and the diurnal temper-
ature range changed from a significant downward trend to
no significant change simultaneously (Ye et al. 2010; Tang
et al. 2011; Shen et al. 2014). Considering the rapid climate
change after the 1990s, this study analyzed the changes in
Koppen climate types in China by comparing the climate
type of each station during two different study periods: 1964
- 1989 and 1990 - 2015. For the climate type of each site
in one year, we determined its Koppen climate type based

(b)

Dwa
100%

Dwa
65%

0°

on the climate data of this site in this year. To determine
the average climate type of each site during two different
study periods, the temperature and precipitation of the sta-
tion were first averaged over the corresponding years and
then classified according to the Koppen climate classifica-
tion. Therefore, for the average climate type during 1964 -
1989 (1990 - 2015), each site had only one climate type. For
example, it can be seen that Dali station was classified as the
Cwa climate type during the period 1964 - 1989 based on
the monthly temperature, and precipitation for Dali station
averaged over the period 1964 - 1989 (Table 2). The fre-
quency of occurrence of the climate type at each site during
1964 - 1989 (1990 - 2015) was calculated to be the number
of years for which that climate type appeared at each site
in the 26-year period as a percentage. For example, there
was only Dwa climate type in Harbin from 1990 to 2015, so
its frequency was 100% (Fig. 1). For the frequency change
of each climate type at each site, we calculated the differ-
ence in the frequency of occurrence of each climate type at
each site between the periods 1990 - 2015 and 1964 - 1989.
The frequency of climate type at each site clearly shows
the stations with large inter-annual changes in climate types
and stations with almost no inter-annual changes in climate
types. As shown in Fig. 1, the frequency changes of BSk,
Dwa, and Dwb at the Harbin site were -8%, +35%, and
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Fig. 1. Examples of frequencies of Koppen climate type for Harbin (1), Naqu (2), Hohhot (3), and Guilin (4) for the periods of 1964 - 1989 (a) and

1990 - 2015 (b). See Table 1 for the details of the Koppen climate types.
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-27%, respectively. To assess the causes of climate change,
we analyzed the spatial changes in temperature and precipi-
tation from 1964 to 2015.

3.RESULTS

3.1 Changes in Temperature and Precipitation

The spatial variations of temperature and precipita-
tion in China for the period of 1964 - 2015 were shown in
Figs. 2 and 3.

The changes in annual temperature (Fig. 2a) showed
that most regions in China were warming, but the warm-
ing rate was inconsistent among regions. Strong warming
(> 0.4°C decade) appeared in North China, the northern
regions of Northeast China, and the central regions of the
Tibetan Plateau. Moderate warming (0.2 - 0.4°C decade™)
appeared in Northeast China, Northwest China, and East
China. The weakest warming (< 0.2°C decade™) occurred
in Southwest China, Central China, and South China. The
changes in winter temperature (October to March, Fig. 2b)
were similar to those in the annual temperature, while the
warming degree in winter temperature was stronger. The
rate of temperature increase at some sites exceeded 0.8°C
decade™. In summer (April to September, Fig. 2c), the spa-
tial distribution of temperature changes was similar to that
of the annual temperature, but the warming was weaker. In
eastern China, the warming rate in most areas south of 35°N
was lower than 0.2°C decade™. Although the warming rang-
es differed in winter, summer, and annually, the results sug-
gest that the temperature in most parts of China increased.

The changes in annual precipitation were more het-
erogeneous (Fig. 3a). Precipitation in the northern part of
Northeast China, the Tibetan Plateau, and East China in-
creased, and the increase in East China (> 20 mm decade™)
was largest. Reduced precipitation occurred in North Chi-
na, Southwest China, and South China, and the decline in
Southwest China (< -20 mm decade™') was largest. In winter
(Fig. 3b), increasing precipitation appeared in Northeast
China, the Tibetan Plateau, East China, Central China, and
South China. Precipitation in North China, Southwest Chi-
na, and the southern coastal area decreased. The variation
range of winter precipitation was less than that of the annual
precipitation. In summer (Fig. 3c), the spatial distribution of
precipitation changes was similar to that of the annual pre-
cipitation, but the increase in East China was lower.

3.2 Changes in Average Types

The average Koppen climate types for each station in
China calculated for the periods of 1964 - 1989 and 1990 -
2015 were shown in Fig. 4. The two maps showed that there
were 12 climate types, and tropical monsoon (Am), tropical
savannah (Aw), and temperate climate with no dry season
and warm summer (Cfb) had the fewest stations. Am and

Aw were mainly distributed in the southern part of Hainan,
while Cfb was scattered in the southern region of China.

The arid climate included cold desert (BWk) and cold
steppe (BSk). The BSk climate type, which was mainly
distributed in the Inner Mongolia Plateau and the Loess
Plateau, was represented at 52 and 63 stations for the two
periods, respectively. BWk was dominant in the northwest
of the study area, including approximately 4% of stations
for 1964 - 1989 and 1990 - 2015. The temperate climate
type included nearly 46% of the stations, among which a
temperate climate with no dry season and hot summer (Cfa)
was the dominant climate type. The Cfa climate type was
found in the southeast. A temperate climate with dry win-
ter and hot summer (Cwa) was distributed in Jiangsu, An-
hui, Henan, Hubei, Sichuan, Guizhou, Yunnan, Guangxi,
and Guangzhou. As the altitude increases, Cwa turned into
Cwb, especially in the Yunnan-Guizhou Plateau. In high-
latitude and high-altitude areas, more than 30% of the sta-
tions were located in cold climates. A cold climate with
dry winter and hot summer (Dwa) was distributed in the
north of the Qinling-Huaihe Line and east of the Hu Line.
A cold climate with dry winter and warm summer (Dwb)
was distributed in the Lesser Khingan Mountains, Changbai
Mountain, Loess Plateau, and Tibetan Plateau. A cold cli-
mate with dry winter and cold summer (Dwc) was located
in the Greater Khingan Range and Tibetan Plateau. The po-
lar climate type included only the tundra climate (ET), cor-
responding to the region with the lowest temperature in the
hottest month on the Tibetan Plateau.

Changes in average climate types for each station over
the two periods were shown in Table 3 and Fig. 5. It showed
that the average climate types of 73 stations changed, but
most of them had maintained a balanced state. For example,
16 stations had changed to Cwa while 18 had left. The evo-
lution mainly involved the BSk, Cfa, and Dwb. Both BSk
(+11 stations) and Cfa (+11 stations) maintained a domi-
nant occurrence. The BSK occurrence range moved ap-
proximately 2° to the southeast in the Loess Plateau and
expanded about 1° to the northeast in Northeast China. The
Cfa occurrence expanded approximately 1° to the north in
East China and moved approximately 1.5° to the south in
the coastal areas of Southern China. Dwb (-12 stations) re-
treated approximately 1.5° to the northeast of the Northeast
Plain, which transitioned into Dwa. In addition, Cwa ex-
panded approximately 0.5° to the north in the Qinling-Huai-
he, and ET transitioned to Dwc in the high-altitude areas.

3.3 Frequency Changes of Annual Climate Type

The frequency distributions of climate types at 458
stations per year during the two periods were shown in
Fig. 6. The distribution characteristics were similar to those
of the above-mentioned average types. The biggest differ-
ence occurred in the southeast, where Cwa was dominant
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Fig. 4. Average Koppen climate types in China calculated for the periods of 1964 - 1989 (a) and 1990 - 2015 (b). See Table 1 for the details of the
K&ppen climate types.

Table 3. Number of weather stations that the average Koppen type has changed between the periods 1964 - 1989
and 1990 - 2015. Each cell in the table gives the category change between 1964 - 1989 (horizontal axis) and 1990 -
2015 (vertical axis); for example, one stations (in bold font) have changed from BWk type to BSk type. See Table
1 for the details of the K&ppen climate types.

Climate types Am Aw BWKk BSk Cwa Cwb Cfa Cfb Dwa Dwb Dwe ET Total

Am 0
Aw 0
BWk 1 -1
BSk 1 1 -2
Cwa 1 17 -18
Cwb 4 -4
Cfa 6 -6
Cfb 2 -2
Dwa 8 6 -14
Dwb 4 13 -17
Dwc 4 -4
ET 5 -5

Total 0 +1 +1 +13 +16 +2 +17 0 +13 +5 +5 0 73
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in the frequency distribution maps and Cfa prevailed in the
average climate type distribution maps. In addition, some
climate types were not mentioned above. In these climate
types, hot steppe (BSh), temperate climate with dry sum-
mer and warm summer (Csb), and cold climates with dry
summer (Dsa and Dsb), and no dry season (Dfa and Dfb)
were particularly rare. A temperate climate with dry sum-
mer and hot summer (Csa) (about 2%) was located in the
southeast and was replaced by Cfa as the average climate
type. Table 4 showed the frequency changes for each cli-
mate type. Am, Aw, BWk, BSk, temperate climates with
hot summer (Csa, Cwa, and Cfa), and Dwc increased, with
the most significant increase in BSk. Temperate and cold
climates with warm summer (Csb, Cwb, and Dwb), cold
climates with no dry season and hot summer (Dfa), and ET
decreased, and the most significant decrease was in Dwb.

The frequency variation of the major climate types
was shown in Fig. 7. The BWk and BSk increased signifi-
cantly. The former was mainly concentrated in the Inner
Mongolia Plateau, while the latter was mainly distributed
in the Loess Plateau, Northeast Plain, and northeast of the
Inner Mongolia Plateau. In the southeast, the Csa climate
type increased at most stations. A decrease in Cwa type
was found in South China, East China, and Central China,
while an increase in Cwa type was distributed in the Huang
Huai Plain and Yunnan-Guizhou Plateau, where the Cwb
type occurrence decreased. The increase in frequency of
Cfa was located near the coast, and a decrease was distrib-
uted to the west and north. The increase in Dwa was mainly
concentrated at high latitudes and altitudes, and most other
areas decreased. The Dwb type decreased significantly and
was distributed in Northeast China and North China. In the
Tibetan Plateau, Dwc was characterized by an increase,
whereas ET decreased.

4. DISCUSSION

This study used Koppen-Geiger climate classification
to analyze climate distribution and change based on the 458
meteorological stations in China from 1964 to 2015. The
Koppen-Geiger climate classification combined tempera-
ture and precipitation data and classified the weather sta-
tions according to their seasonal distribution characteristics.
We found that the temperature in most parts of China has in-
creased, with a larger increase in Northern China. The varia-
tion in precipitation was diverse, and stations with increased
precipitation in winter were dominant. In the areas of South-
eastern China, Northeast China, and the Tibetan Plateau, the
rate of change in winter precipitation was between 0 and 20
mm/10a. According to the Koppen-Geiger climate classifi-
cation, the arid climate is mainly distributed in the northern
part of China. The desert climate was concentrated in the
northwest, with the steppe climate surrounding the desert
climate. These findings were consistent with those of previ-

ous studies on the distribution of drought. Liu et al. (2017)
found that drought was mainly distributed in northern China
based on the Microwave Temperature Vegetation Drought
Index; Wei et al. (2020) indicated that drought in China had
gradually become more severe from southeast to northwest.
This is mainly because the northwest is located inland, far
from the sea, and precipitation gradually decreases from
southeast to northwest. We also found that tropical, tem-
perate, and cold climates were distributed in sequence from
south to north in eastern China, and the polar climate was
concentrated in the Tibetan Plateau. This was consistent
with the findings of Li and Zha (2018), who found that the
temperature showed a decreasing trend from south to north
in the eastern part of China, while gradually decreasing
with the increase in altitude in the Tibetan Plateau. Simi-
lar to previous studies on the distribution characteristics of
drought and temperature, our study accurately showed the
distribution characteristics of the climate in China.

In our study, climate change was mainly reflected in
the eastward and southward expansion of arid climate and
northward movement of climatic zones, which was consis-
tent with the trend of global drying and warming (Zarch et
al. 2017). The expansion of the arid climate was mainly re-
flected in the steppe climate, which mainly occurred in the
North China Plain and the eastern part of the Inner Mon-
golia Plateau. The decreased precipitation could account
for the expansion of the arid climate zone (Fig. 3). This
expansion of arid climate was consistent with the research
of Kim et al. (2008), who indicated that the arid climate in
North China revealed expansion characteristics during 1951
- 2000. Additionally, Zou et al. (2005) reported that the area
of drought increased significantly, and the intensity and
duration of drought increased in northern China, and Ma
and Fu (2006) demonstrated that the frequency of extreme
droughts in the eastern part of Northwest China, the cen-
tral part of North China, and Northeast China had increased
significantly since the 1980s. Chen and Sun (2015) showed
that drought in Northern China has become increasingly se-
rious and frequent since the 1990s. In summary, the expan-
sion of the arid zone may be related to rising temperatures,
decreasing precipitation, and increasing evaporation (Yu et
al. 2004; Vicente-Serrano et al. 2015; Duan et al. 2020).

Another significant observation of our study was cli-
mate warming, including conversion from ET to Dwc, Dwb
to Dwa, and Dwa to Cwa. Chan et al. (2016) showed that
climate change in China was mainly concentrated in several
regions over the past few decades, which is consistent with
our results. In Northeast China, warmer summer replaced
colder summer (Dwa replaced Dwb, and Dwb replaced
Dwc). In the Tibetan Plateau, ET was replaced by Dwc,
and Dwa was replaced by Cwa over the Qinling-Huaihe.
The main reason for these changes could be the increase
in temperature (Fig. 2). Many studies have shown that the
temperature in China has increased (Xu et al. 2019; Yan et
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Table 4. Frequency differences (%) of Koppen climate type in China between the periods
1990 -2015 and 1964 - 1989. See Table 1 for the details of the Koppen climate types.

Climate type Frequency of 1964 - 1989 Frequency of 1990 - 2015 Frequency change

Am 0.0 0.1 0.1
Aw 0.5 0.6 0.1
BWk 47 50 0.3
BSh 0.1 0.1 0.0
BSk 133 15.1 1.8
Csa 1.5 2.1 0.6
Csb 0.1 0.0 -0.1
Cwa 342 349 0.7
Cwb 53 50 -0.3
Cfa 25 2.8 03
Cfb 0.1 0.1 0.0
Dsa 0.0 0.0 0.0
Dsb 0.0 0.0 0.0
Dwa 17.0 17.0 0.0
Dwb 13.0 10.4 -2.6
Dwc 45 4.6 0.1
Dfa 0.1 0.0 -0.1
Dfb 0.1 0.1 0.0
ET 30 2.1 -09
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Fig. 7. Frequency differences (%) of Koppen climate type at each site in China between the periods 1990 - 2015 and 1964 - 1989. See Table 1 for
the details of the Koppen climate types.
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al. 2020), and the hot extreme index increased more signifi-
cantly in Northern China than in Southern China (Chen et
al. 2018; Shi et al. 2018). In the southeastern coastal areas
of China, increased winter precipitation was the main cause
of Cwa conversion to Cfa.

We found that drying and warming are the main char-
acteristics of climate change in China over the past decades.
Aridity is a natural disaster with the highest frequency and
the most extensive impact worldwide, which damages the
economy, ecology, and agriculture (Westerling et al. 2006;
Feng et al. 2016; Jiang et al. 2019). An arid climate could
reduce agricultural production and cause huge economic
losses (Zhang and Jia 2013; Liu et al. 2018). Therefore, we
should take appropriate management measures, such as the
implementation of South-to-North water transfer schemes,
the introduction of drought-tolerant varieties, adjustment of
irrigation technology, and recycling of wastewater, in arid
areas to alleviate the adverse effects of an arid climate (Chal-
linor et al. 2014; Zhao et al. 2015; Qu et al. 2020). Under the
influence of climate warming, we found that climate bound-
aries shifted northward in China. On the one hand, climate
warming can reduce the frequency of low-temperature dam-
age from freezing, increase crop yield, and promote agricul-
tural development (Bai et al. 2020; Yuan et al. 2020). On the
other hand, climate warming may promote the reproduction
of pests and increase the risk of pests (Bajwa et al. 2020).
Therefore, some heat-resistant and pest-resistant varieties
should be introduced to these warming regions. Agriculture
is the basis of national economic development, and under-
standing the change in climate is of great significance for
the development of agricultural production in China.

Although this study provides a comprehensive assess-
ment of variations of the Koppen climate types in China,
some limitations remain. Firstly, there are a limited number
of stations in the Tibetan Plateau and northwestern China.
Therefore, our results from the weather data of these sta-
tions do not accurately reflect the actual climate conditions
in China. Secondly, the highland climatic type has been
isolated in the current K&ppen climate classification, which
may cause some inaccuracy in the climate classification of
the Tibetan Plateau. In addition, the Koppen climate classifi-
cation used in this study may have some shortcomings, as it
only focuses on an analysis of the numerical value of the cli-
mate elements and ignores the climate formation processes.
For example, we found that the temperate climate type was
distributed in the area south of 20°N. To analyze the climate
in China more accurately, it is necessary to further verify the
local climate conditions in different Koppen climate types in
China and modify the corresponding parameters of the Kop-
pen climate classification to make it more suited to China.

5. CONCLUSION

Based on the temperature and precipitation data from

458 weather stations from 1964 to 2015, this study analyzed
changes in the Koppen climate type in China. We observed
changes in temperature and precipitation, as well as aver-
age climate type and frequency in the annual climate type
at each station in the past few decades. The temperature in-
creased in most areas, with a larger increase in Northern
China. The variation in precipitation was diverse, and there
were more stations with increased precipitation in winter.
The changes in temperature and precipitation caused chang-
es to the climate type. Changes in the K&ppen climate type
have significant regional characteristics. BSk extended to
the southeast in Northern China; cold climate with dry win-
ter (Dwa, Dwb, and Dwc) extended northward in Northeast
China; Cwa extended northward in East China and Central
China; Dwc and ET moved to high altitudes in the Tibetan
Plateau; Cwa changed to Cfa in the southeast coastal ar-
eas of China. Owing to the increase in temperature, the cli-
mate types of Cwa, Dwa, Dwb, and Dwc moved northward.
Moreover, the decreased precipitation might account for the
eastward and southward expansion of arid climate type of
BSk. As climate change has an important impact on agricul-
tural production and human life, it warrants increased atten-
tion in China, especially in climate-sensitive regions.
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