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ABSTRACT

Based on the current research literature on extreme high temperature events in China, this paper
reviews the spatial and temporal characteristics of extreme high temperature events, causes of
extreme high temperature events, identification methods of extreme high temperature events, and
impacts of extreme high temperature events in China, and points out the problems existing in the
research on extreme high temperature events in China.
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1. INTRODUCTION

With global climate change and the intensification of human activities, extreme high temperature
phenomena occur frequently around the world. According to the [IPCC special report on the impacts
of global warming of 1.5°C, it is estimated that the global average temperature rises by about
0.2+0.1°C per decade, and that the world has already experienced a cumulative increase of about
1°C[6] . The trend of extreme high temperature climate change in the China region is almost relatively
consistent with the trend of extreme high temperature change worldwide. Relevant studies show that
since as early as the 1960s, the number of days, frequency, intensity and range of high-temperature
heat waves in China have shown an enhancing trend!!"? . Especially in the 1990s, regional high-
intensity heat events were frequent in China, especially in the Yangtze River Basin®*! | In recent
years, according to the latest research by the National Climate Centre, the frequency of extreme
summer heat events in China will increase significantly in the future® . By around 2025, at least 50
per cent of summers are likely to be characterised by prolonged high-temperature heatwave processes,
and in the worst possible scenario, by the end of the century, the frequency of extreme heat events in
the country will be five times higher than at present. And extreme heat may lead to human heat stroke,
pyrexia and other diseases, affect crop growth and yield, exacerbate the urban heat island effect, and
trigger the occurrence of forest fires and other disasters. Extreme weather events involve a number
of disciplinary fields, including meteorology, geography, environmental science, economics, etc. In
recent years, the heat of research on extreme heat events has also been rising in recent years. In this
paper, through a literature review of the spatial and temporal characteristics of extreme high
temperature events in China, the analysis of causes, identification methods, and the impact of extreme
high temperature events, we can gain a deeper understanding of the laws and characteristics of
extreme high temperature events, and provide reference help for the next research on extreme high
temperature events.
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2. ANALYSIS OF THE CAUSES OF EXTREME HEAT EVENTS

The causes of extreme heat events are complex and varied, and different scholars have come to
different conclusions due to the different research perspectives and methods adopted to treat this issue.
By reviewing the relevant literature, it can be found that the causes of high-temperature events are
natural factors and man-made factors and the combined effect of the two. Cui Tong et al.l! found that
global warming is the background for the occurrence of high-temperature events, and atmospheric
circulation anomalies are the direct cause of high-temperature events, by using the daily temperature
data in China and NCEP reanalysis data. Sun Jianqi et al.[’! based on the index of the number of days
of extreme high temperature events to study the relationship between extreme climate events and
atmospheric circulation in China, they found that due to the location in the air and the height of the
anomalies of the atmospheric circulation factor is one of the causes of the occurrence of extreme high
temperature events in the northern region of China, and when the higher the height of the potential,
the more the number of days of extreme high temperature events, and vice versa, the lower the number
of days of extreme high temperature events. However, for the southern region of China, the
atmospheric circulation factors that cause extreme weather events to occur abnormally, in addition to
the above reasons, there are also cold and warm advection in the lower atmosphere. The Sixth
Assessment Report (AR6) of the United Nations Intergovernmental Panel on Climate Change (IPCC)
states that the increase in temperature on a global scale is due to the increase in the concentration of
greenhouse gases (GHGs) in the atmosphere and through the thermodynamic effect, and that this
phenomenon has led to an increase in the frequency and intensity of extreme warm weather events[8] .
Li Zongheng et al.[9] used daily maximum air temperature data from 1960 to 2011 years from
meteorological stations in Jianghuai area and regressed the standardised summer extreme high
temperature indices with the potential height field, vertical velocity field, and wind field, respectively,
as a way of explaining the connection between extreme high temperature events and atmospheric
circulation. Shi Jun[10] et al. studied the extreme high temperature phenomenon in North China from
time and space, and explored the causes and characteristics of the extreme high temperature events
produced by it using qualitative and quantitative research methods such as power spectrum analysis
hair, Mann Kendall test method, etc., and the results showed that the causes of the extreme high
temperature events occurring in the East China region are related to the area of the subglacial high of
the western Pacific Ocean in the summer and the intensity index, SST, typhoons and the role of
urbanisation. Yang Xuchao[11] and other researchers focus on the impact of urbanisation on extreme
heat events, and point out that the urban heat island effect exacerbates the probability and intensity
of extreme heat events, especially in the context of China's aging population, which poses a great
challenge to people's health. They also pointed out that research on the impact of urbanisation on high
temperatures and the development of people's physical and mental health still needs to be studied in
depth.

3. SPATIAL AND TEMPORAL CHARACTERISTICS OF EXTREME HEAT
EVENTS

The spatial and temporal characteristics of extreme heat events vary across regions and time scales.
Globally, the frequency and intensity of extreme heat events seem to be increasing, which is
consistent with the trend of global warming[12] . However, the influencing factors are more complex
when specific to different regions and time scales. To accurately understand and predict the spatial
and temporal characteristics of extreme heat events in a specific region, it is necessary to
comprehensively consider a wide range of factors, including climatic patterns, local environmental
conditions, urbanisation processes, and so on. Through multidisciplinary cross-disciplinary research,
we are expected to gain a deeper understanding of these complex systems and provide a scientific
basis for responding to extreme heat events. In China, the research on the spatial and temporal
characteristics of extreme heat events started relatively early, and the related research results are
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relatively abundant.Since the 1960s, extreme climate events in China have shown obvious regional
and seasonal characteristics!'®'”l . Wang Yan jiao, Ren Fumin et al.l'3! In exploring the spatial and
temporal characteristics of regional persistent high-temperature events in China, we defined and
extracted the regional persistent high-temperature events from the aspects of high-temperature
intensity, duration, area and continuity, and systematically analysed and researched the spatial and
temporal characteristics of the persistent extreme high-temperature events in China in the past 50 a.
The results show that, from the spatial distribution, the regional persistent high-temperature events in
China are more and more common in China. The results show that, in terms of spatial distribution,
the regions with higher frequency and intensity of regional persistent high temperature events are
located in the northwestern and southeastern regions of China. In terms of temporal distribution, the
annual frequency, duration, area affected and intensity of regional persistent extreme heat events in
China have all shown a significant increase over the past 50 years. Wang Pengxiang et al.l'*! defined
the extreme high temperature thresholds using the percentile method based on the daily maximum
temperature data of meteorological stations in Northwest China from 1960 to 2004, and then analysed
and counted the frequency of extreme high temperature events at each station in Northwest China.
The results show that the five regions in Northwest China with high frequency of extreme heat events
are northern Qinghai, northern border region, southern border region, eastern Northwest China, and
Tibetan Plateau region, and the cyclic fluctuation of every twelve to fourteen years is obvious in these
five regions. Qi, Q. et al[15] used statistical methods such as the percentile method, the least squares
method, and the non-parametric Kendall-tau method to analyse the climate trends, and also used time-
lag correlation analyses to explore the spatial and temporal patterns of changes in the extreme
characteristics of the temperature and the trend characteristics in eastern China. The conclusions on
the spatial and temporal variations of extreme weather events show that the frequency of extreme
heat events in China showed a decreasing trend before the 1990s and an increasing trend after 1990.
In addition, the long-term trend of the intensity of extreme heat events is not obvious, especially in
the Huanghuaihai region, which shows a decreasing trend. In addition, scholars have analysed that
the subtropical high pressure, the Southern Oscillation (SO) and the Northern Oscillation (NO) are
the main causes of extreme climate change in eastern China. Yang Yang,Zhao Na et al.[18] used
Mann-Kendall mutation test, sliding t-test, spatial autocorrelation and standard deviation ellipse to
study the spatial and temporal evolution pattern of extreme high temperature events in China from
1980 to 2018. The results show that the number of summer days, hot night days, warm night days and
warm day days in China have shown a significant upward trend over the past 40 years. Li Z et al.[19]
analysed the spatial and temporal distribution of extreme temperature time and its trends in the Loess
Plateau during the period of 1961-2007 using day-by-day temperature data from more than fifty
stations on the Loess Plateau, and the results showed that the spatial and temporal differences in
extreme temperature events on the Loess Plateau were obvious, with a gradient from the southeast to
the northwest, and that the frequency of extreme high temperature events in the region showed an
increasing trend. The frequency of extreme heat events in this region tends to increase.

4. IDENTIFICATION OF EXTREME HEAT EVENTS

Although scholars in related fields have been studying extreme heat events extensively, domestic and
foreign scholars have not yet given a unified answer to the definition of extreme heat. Currently, there
are two main definitions of extreme high temperature, namely temperature indicator and temperature
threshold[20] . In the research about temperature indicators, some scholars use the maximum
temperature as an indicator[21] , these scholars use the maximum daytime temperature as a basis, and
think that the daytime time is more in line with people's daily activities. There are also scholars who
use the average temperature as an indicator[22] , arguing that the use of a whole day is more
compatible with temperature exposure. In addition, scholars' studies on temperature thresholds are
divided into absolute and relative thresholds. The first one is the absolute threshold: the criteria on
high temperature heat wave issued by China Meteorological Department are: high temperature day is
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defined as a day-by-day maximum temperature greater than 35°C, three consecutive days with
maximum temperature greater than or equal to 35°C, 1.e., a single-station persistent high temperature
event[23][24] . The second one is the relative threshold: i.e. the 90th, 95th and 99th percentiles of the
daily maximum temperature[25] are used for high temperature studies.

In terms of specific research analyses on extreme heat events, the research tools used by different
scholars are slightly different. Jiang Tong et al.[26] used the IAD (i.e., intensity-area-impact-duration)
method to define extreme weather events in three dimensions. The IAD method is used to study the
relationship between the intensity of a regional extreme weather event and the disturbed area under a
certain period of time, and then vividly presents regional extreme events in the form of an envelope.
visualise the changes in regional extreme events. This method provides reference value for experts in
the selection of future economic development paths and measures that should be taken to cope with
climate change. In addition, when scholars in China study extreme heat events, they usually only
consider surface air temperature as the only factor to carry out research[21][27] . However, with
global climate change, more and more uncertainties need to be taken into account, so more and more
scholars also take surface humidity into account[28] .

5. IMPACT OF EXTREME HEAT EVENTS

Extreme heat events are situations in which temperatures rise abnormally above the normal range.
They are usually accompanied by features such as increased humidity, high body temperatures, and
deterioration of air quality, with significant impacts on human life and health, among others[29] .
Extreme heat events have a wide range of impacts on human beings and the environment, mainly
involving impacts on human health, energy consumption, agriculture and ecological areas. Firstly, in
terms of the impact on people's health, extreme heat events have the most significant impact on human
health. High temperatures can make the human body feel uncomfortable and trigger conditions such
as heat stroke, heat exhaustion, heat cramps, etc., which may even lead to death in severe cases. For
the elderly, children, pregnant women and the physically weak, high temperatures are more likely to
cause health problems, especially for the elderly, high temperatures are more prone to cause sudden
outbreaks of cardio-cerebral and cerebrovascular diseases and respiratory diseases, which poses a
greater challenge to the survival of the elderly,[30][31] . The second is that extreme hot weather can
lead to increased energy demand. People need more electricity to cool their houses and drive
equipment such as air conditioners, which can put a strain on the electrical system and may even lead
to power shortages and blackouts®?) . Again, extreme heat can have an impact on agriculture and
ecosystems. High temperatures can lead to increased transpiration, causing plants to lose too much
water and die**][34] . Also, high temperatures can affect the survival and reproduction of animals,
disrupting the ecological balance[35] . Finally, extreme hot weather can also have an economic
impact. For example, crops will be reduced due to high temperatures, affecting agricultural income;
tourism will also be affected by hot weather; and high temperatures will also affect the productivity
of industries such as construction and manufacturing[36] . As for the research direction of our
scholars on the impacts of extreme heat events, most of the scholars' studies mainly tend to focus on
the impacts on crops.

6. CONCLUSION

Extreme heat events in the context of global warming has become more and more attention of
researchers, and the research results are also quite a lot. China's research on extreme heat events
started relatively late, and there is still a certain gap between the results achieved compared with
foreign countries, but in recent years, the relevant research results have been increasing trend. At
present, the research results published by Chinese scholars, due to the vast geographical scope of our
country, the characteristics of extreme high temperature events occurring in different regions are
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different, in the content of the study above the analysis of extreme high temperature events focusing
on the spatial and temporal characteristics of the event. Regarding the analysis of the causes of
extreme weather events, most scholars attribute them to the role of atmospheric circulation and global
warming, and a considerable number of scholars attribute them to the urban heat island effect. In the
identification of extreme heat events, most of the research is based on single station and single grid
point extreme threshold or fixed range of station threshold for spatial and temporal characteristics
analysis, but ignored the extreme climate events have regional, so some scholars use the IAD method,
which is very helpful for the identification of regional extreme heat events. The impact of extreme
high temperature events is multifaceted, and the research content of our scholars is mostly focused
on the impact of extreme high temperature events on crops. At present, the number of research results
on the prediction of extreme heat events is relatively small. Predicting the frequency and intensity of
extreme heat events has a guiding significance for production and life, and can provide a basis for
preventing the negative impacts of extreme heat, so related scholars should also conduct in-depth
research on the prediction of extreme heat.
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