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Abstract: This study investigates the spatial and temporal dynamics of temperature variations across China from 2016
to 2023 utilizing ERA5-LAND temperature data. The analysis reveals pronounced regional differences in temperature
distribution, with colder conditions prevailing in northern and western China during winter, contrasted by warmer
temperatures in the south. The long-term trend shows a gradual decline in monthly mean temperatures despite clear
seasonal fluctuations. Additionally, the quarterly analysis identifies a faster rate of warming during the first half of the
year, particularly in the cooler months, while the fourth quarter shows minimal change. These findings underscore the
complexity and heterogeneity of climate responses across different regions and seasons in China, suggesting that localized

climatic changes are driven by both global climate forces and regional factors.
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1. Introduction

Temperature plays a pivotal role in shaping local climates and ecosystems, and understanding its spatial and
temporal patterns is essential for assessing climate change impacts and formulating effective adaptation strategies "',
The vastness and geographical diversity of China, with its temperate, arid, and tropical zones, result in significant
regional variations in temperature *. With increasing concerns about climate change, it is crucial to analyze these
variations over a comprehensive timespan to identify long-term trends and patterns. This study focuses on the
spatial and temporal temperature variations across China from 2016 to 2023, leveraging the high-resolution ERAS5-
LAND dataset. By analyzing both seasonal and quarterly temperature trends, this research aims to provide a more
nuanced understanding of the dynamics driving temperature shifts across different regions. The findings will
contribute to the broader field of climate change research, offering valuable insights for policymakers and climate

scientists working on climate adaptation and mitigation strategies.
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2. Data

The temperature data used in this study were sourced from ERAS5-LAND, a high-resolution global climate
reanalysis dataset. The data span from January 2016 to December 2023, providing both spatial and temporal
dimensions essential for understanding the regional climate variations in China. The analysis examines mean
temperature values for each month and quarter across various geographical zones in China, segmented by season.

3. Results

3.1. Spatial distribution of temperatures across four seasonal quarters

The spatial distribution of temperatures in China from 2016 to 2023, based on the ERA5-LAND temperature
data, is depicted in Figure 1, showing seasonal variations across the four quarters of each year. The first map
represents the mean temperature for the months of January to March, while the second map displays the average
temperature for April to June, and the third and fourth maps show temperatures for the July to September and
October to December periods, respectively. As observed, temperature distributions exhibit notable regional
differences. During the winter months (January to March), colder temperatures dominate northern and western
China, with warmer conditions observed in the southern regions. Conversely, the spring to summer transition (April
to June) sees a general increase in temperatures across the country, especially in the northern and central parts. The
highest temperatures are recorded during the summer months (July to September), particularly in the northwestern
and central areas, reflecting the intensity of the seasonal warming. In contrast, the autumn period (October to
December) shows a slight cooling, with the southern regions experiencing milder temperatures. These spatial
patterns highlight the strong seasonal variability in temperature across China over the analyzed period.
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Figure 1. Spatial distribution of mean temperatures in China from 2016 to 2023 across four seasonal quarters based on
ERAS-LAND temperature data. The maps represent the average temperature for each quarter: (a) January to March, (b)
April to June, (c) July to September, and (d) October to December

3.2. Monthly mean temperature trend

Figure 2 illustrates the monthly mean temperature trend in China from 2016 to 2023, with each blue dot

representing the average temperature for each respective month from January 2016 to December 2023. The red
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dashed line indicates the trendline, revealing a discernible downward trend in the monthly temperatures over the
study period. Despite seasonal fluctuations, which show clear seasonal cycles of higher temperatures in summer
and lower temperatures in winter, the overall trend suggests a gradual decrease in the temperature across the years.
This declining trend may reflect broader climatic changes and variations over the study period. The monthly

data points provide insight into the seasonal temperature variations, while the trendline highlights the long-term
temperature decline.

Monthly Mean Temperature Trend (2016-2023)
2985

—8— Monthly Mean Temperature ;75
=== Trendline

3

g

Temperature (K)

3

&

v %)
0 2
& &

R

5 I & X
N b ¢ b b N §

¥
Month

Figure 2. Monthly mean temperature trend in China from 2016 to 2023. Blue dots represent the monthly average
temperature, and the red dashed line indicates the overall temperature trend

3.3. Trend of temperature in four quarters

Analysis of quarterly temperature trends (2016—2023) highlights pronounced seasonal warming disparities (Figure
3). Q1 exhibits the steepest increase (K = 0.1649), marked by interannual fluctuations superimposed on a robust
upward trajectory. Q2, initially stable, shows a recent surge (2022-2023), yielding a comparable trend slope (K =
0.1647). Q3 transitions to sustained warming post-2021 (K = 0.1152), while Q4 displays minimal overall change
(K =0.0293), despite an anomalously low 2018 value. These divergent warming patterns emphasize accelerated
temperature rise in cooler seasons (Q1-Q2) and evolving thermal regimes in warmer periods (Q3), underscoring

seasonally heterogeneous climate responses.
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Figure 3. ERAS5-LAND-derived quarterly means (colored lines) and linear trends (dashed lines) showing accelerated
warming in Q1-Q2 (slope K = 0.1649-0.1647) and muted Q4 changes (K = 0.0293)
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4. Discussion

The spatial and temporal temperature variations observed in this study highlight the complex climate dynamics of
China. The findings indicate that temperature changes are not uniform across the country, and regional factors such
as topography, latitude, and altitude play a significant role in shaping temperature patterns . The general trend of
declining temperatures over the study period, despite seasonal fluctuations, suggests that broader climate forces
are at play, potentially related to global warming or other large-scale atmospheric phenomena *. The accelerated
warming observed in the cooler months (Q1 and Q2) could be linked to changes in atmospheric circulation
patterns, such as shifts in the jet stream or changes in solar radiation . In contrast, the muted warming in the
fourth quarter suggests that warmer months are less susceptible to these changes, possibly due to the buffering
effects of monsoons or oceanic influences .

These findings underscore the need for targeted climate adaptation strategies that consider the seasonal and
regional differences in temperature patterns. Localized climate models and more granular temperature data are
essential for understanding the specific impacts of climate change in different regions of China. Further research
is needed to identify the drivers behind these temperature trends and to assess their potential effects on agriculture,

water resources, and ecosystems.

5. Conclusion

In conclusion, this study has provided a detailed analysis of temperature trends across China from 2016 to 2023,
revealing significant regional and seasonal variations. The findings suggest that while temperatures are gradually
declining, seasonal warming is more pronounced during the cooler months. This research offers valuable insights
into the evolving climate conditions in China, emphasizing the complexity and heterogeneity of climate change
impacts. Continued monitoring and further investigation are essential for developing effective climate adaptation
strategies and mitigating the impacts of future climate changes.
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