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Abstract: The frequent occurrence of extreme high temperature weather and heat waves has greatly
affected human life. This paper analyzes population exposure and its influencing factors during
a heat wave incident in Zhuhai from 6 to 12 September 2021 based on real-time mobile phone
data and meteorological data. The results show that the most areas of Zhuhai are affected by high
temperature during this heat wave incident. The hourly population exposure is directly proportional
to hourly heat wave coverage. In terms of time dimension, the overall population exposure shows a
trend of decreasing and then increasing. In terms of spatial dimensions, high population exposure
is concentrated in areas such as primary and secondary schools, colleges and universities, office
buildings, and residential areas. Low exposure is distributed in most of the mountainous areas along
the southern coast. In addition, the leading factors that cause changes in population exposure in
different periods of the heat wave cycle are different, which rely more on either climatic factors or
population factors.

Keywords: heat wave; high temperature; population exposure; mobile phone data; impact factor;
Zhuhai City

1. Introduction

In October 2018, the United Nations Intergovernmental Panel on Climate Change
(IPCC) stated in its special report “Global Warming of 1.5 ◦C” that human activities are
estimated to have caused global warming to be about 1.0 ◦C higher than the pre-industrial
era, with a possible range of 0.8 ◦C to 1.2 ◦C [1]. Extreme weather has occurred more
frequently in recent years due to climate change. The “2021 Global Risk Report” indicates
that in the next 10 years, incidents caused by extreme weather are one of the top risks to be
faced by the world which poses a threat to human well-being [2]. Heatwaves, as one of the
most typical extreme weather incidents, shows a potential increase in frequency, intensity,
and duration under the effects of climate change [3], which not only causes irreversible
destruction to natural environment but also a great impact on human life [4–6].

Heatwaves are generally defined as a long spell of hot days with extremely high
temperature which puts a risk to human health, while most studies also take duration
and intensity of heatwaves into account [7]. However, in China, a day with a maximum
temperature ≥35 ◦C is generally defined as a high temperature incident, and a span of over
three consecutive high temperature incidents is defined as heat wave [8]. Studies show
that the frequent occurrence of extreme heat incidents has posed a threat to human health
and also has a negative impact on people’s daily life and social economic development [9].
Therefore, research on high temperature disasters has attracted widespread attention from
government departments and the scientific community and has become a hot spot in
climate change research [10–12].
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Current research on high temperature disasters mainly focuses on high temperatures’
temporal and spatial characteristics, including intensity, occurrence frequency, and duration,
etc. [13–24]. Risk assessments [11,25–30] and vulnerability (sensitivity) assessments [31–49]
of high temperature disasters are increasing, which becomes a strong support for urban
high temperature risk prevention and community disaster prevention management. In
addition, some scholars conduct research on urban structure to improve the climate change
adaptability and urban sustainability [50,51]. It cannot be ignored that humans are the
main victims of heat wave disasters. Studies have confirmed a significant relationship
between high temperature and population morbidity and mortality [52,53]. Therefore, it is
particularly important to identify the population exposure of a region under heat waves.
At present, some scholars have studied the population exposure under heat waves based
on climate and population scenario data [54–58]. However, earlier studies are mostly based
on static statistical data from city administrative units which are not up to date and lack
precision, thus, it is hard to reflect the near-real-time exposure risk of population in the
affected areas and to measure risk and damage degree of disaster to population spatially
and temporally [59]. With the development of big data, data such as mobile phone data
and Weibo sign-in data with high accuracy, large coverage area, and high update frequency
have provided richer data sources for research that requires temporal and spatial accuracy
of the population.

Under these conditions, this paper takes a heat wave incident from 6 to 12 September
2021 in Zhuhai city as an example to discuss the spatial issues of population exposure
under one heat wave incident from a geographical perspective. Meteorological monitoring
data and mobile phone data were processed on a GIS software platform to obtain real-time
temperature and population distributions. Meanwhile, the dynamic changes of population
exposure were analyzed by using grid as the basic analysis unit, and the influencing factors
of population exposure changes were further explored. This study not only shows areas
that are affected more by the heat wave with finer real-time population distribution and
temperature but can also be used to prevent and cope with heat waves and improve the
urban environment.

2. Materials and Methods
2.1. Study Area

Zhuhai City is located in the southcentral part of Guangdong Province, China, with
longitude from 113◦03′ E to 114◦19′ E and latitude from 21◦48′ N to 22◦27′ N. The inland
area of Zhuhai City consists of hills, coasts, and plains of the Phoenix Mountain and
Jiangjun Mountain, which faces Hong Kong across the sea to the east, connects with Macau
in the south, Taishan City to the west, and Zhongshan City to the north. It has three
administrative regions. As of the end of 2020, the land area of Zhuhai is 1736.45 km2.
Zhuhai City has a transitional oceanic climate between south subtropical and tropical,
with obvious alternating winter and summer monsoons, high temperature throughout the
year, with an average annual temperature of 23.8 ◦C, and an average annual rainfall of
1799.2 mm. From 1979 to 2000, the daily extreme maximum temperature occurred on 10
July 1980, with a temperature of 38.5 ◦C [60]. During the study period of this article, the
highest maximum temperature of some weather stations in Zhuhai City was monitored
as high as 39.5 ◦C. The “Communiqué of the Seventh National Census of Guangdong
Province” pointed out that the 10-year growth rate of Zhuhai’s permanent population
ranks second in Guangdong Province. With the support of national policies and its own
location advantages, Zhuhai has become an important city in Pearl River Delta and even
the Guangdong–Hong Kong–Macao Greater Bay Area.

2.2. Data
2.2.1. Meteorological Data

The temperature data involved in this article come from the monitoring data released
by the Zhuhai Meteorological Administration. There are 31 weather stations in the research
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area, which are more evenly distributed throughout Zhuhai City, the spatial distribution is
shown in Figure 1. In early September 2021, due to the combined effects of the downdraft
surrounding the strong tropical storm “Conson” and the super typhoon “Sando”, along
with subtropical high pressure, the weather in Zhuhai was hot, and the high temperature
weather intensified, which led to the city’s socioeconomic and population exposure risks
to increase. Based on the definition of heat waves given by China Meteorological Admin-
istrations: A heat wave is a span of at least 3 consecutive days with highest temperature
over 35 ◦C [8]. Meteorological monitoring and high temperature warning information
issued by the Zhuhai Meteorological Administration in September 2021 are screened for
heat wave incidents, and one from 6 to 12 September 2021 is finally selected as the study
period. The average temperature of various meteorological stations in Zhuhai (Figure 2a)
indicates that the average temperature of Zhuhai has obviously increased during the study
period. Figure 2b shows the hourly maximum temperature and the number of stations
reaching high temperatures of various meteorological stations in Zhuhai. We can see that
the maximum temperature of meteorological stations in a day generally occurs between
12:00 and 18:00. Starting from 9 September, the number of high-temperature stations in
the city has increased significantly; there are 14, 9, 18, and 27 high-temperature stations
above 35 ◦C. Since the 11th, more than half of the meteorological stations have monitored
continuous high temperature, and the highest temperature reached 38.81 ◦C. In order to
better present the exposure of Zhuhai’s population under heat waves, this article is based
on the ordinary kriging method to conduct meteorological data. Spatial interpolation
analysis is used to obtain a spatial and temporal distribution map of temperature in the
entire area of Zhuhai, and then the hourly temperature data are rasterized and resampled
to a 500 m × 500 m grid.
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Figure 1. Location of Zhuhai in China and weather stations.

2.2.2. Population Data

The population data in this article involve both statistical population and mobile
phone data, among which the permanent resident population comes from the “Zhuhai
City Seventh National Census Bulletin” issued by the Zhuhai Bureau of Statistics in 2021,
and the mobile phone data come from China Mobile operators, including all China Mobile
users in Zhuhai in September 2021. The hourly population data are the anonymous mobile
phone data, which are collected at the same frequency as temperature monitoring data.
After the data are obtained, the geographic information system platform software ArcGIS
is used to divide Zhuhai into 500 m × 500 m grids. According to the mobile phone data,
the geographic coordinates of the base station to which the data belong will be gathered
at the grid level, and each grid contains the population data within the corresponding
geographic location.
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2.3. Methods
2.3.1. Hourly Population Distribution Estimates

The mobile phone data can accurately locate spatial locations of the population and
obtain real-time population data in a small scale, which makes it possible to achieve accu-
rate small-scale research. However, there are still residents without mobile phones, one
person can have multiple SIMs, and there are market share and data barriers between
different providers. Raw mobile phone data cannot show real-time population distribution
accurately without a trim. Therefore, this article draws on some scholars’ processing meth-
ods of mobile phone data [59,61] in order to estimate the real-time population distribution
by integrating mobile phone data and Zhuhai City’s seventh census data. The first step
is to calculate the mobile phone data population weight of each grid, then calculate the
weighted statistical population and add it to the mobile phone population of each grid.
Therefore, the result obtained is closer to the actual population distribution. The calculation
steps are as follows:

pwij =
pij

∑m
j=1 pij

(1)

PTij = pwij × ptotal + pij (2)

where pwij is the population weight, pij is the number of cell phone locations in the
grid number j at the i time point, m represents the total number of grids, PTij is the
total population in the grid number j at the i time point, and ptotal is the seventh census
population of Zhuhai City.

2.3.2. Population Exposure Estimation

This article defines the population exposure of heat waves as the number of people in
the high temperature grid at 35 ◦C and above per hour. In order to study the population ex-
posure changes during the heat wave cycle in Zhuhai, this paper calculated the population
exposure during the study period. The specific calculation formula is as follows:

PEij =
PTij × T≥35 ◦C

t
(3)

where PEij is the population exposure of the grid number j at the i time point, PTij repre-
sents the population number in the grid number j at the i time point, T≥35 ◦C represents all
grids where the temperature is 35 ◦C and above, and t is Time (h).
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2.3.3. Analysis of Factors Affecting the Change of Population Exposure under
High Temperature

The population exposure of the heat wave is a function of the two factors of population
and high temperature. By drawing on the contribution rate of different influencing factors
to the population exposure under the heat wave calculated by other scholars [12], the results
suggests that the population exposure of high temperature changes are mainly affected by
high temperature weather, population number, and population distribution changes, which
can be decomposed into the impact of climate factors (temperature changes, population
numbers remain unchanged), population factors (temperature unchanged, population
changes), and the combined effects of population and climate factors (both temperature
and population change).

The calculation method of the contribution rate of different influencing factors in the
population exposure changes under the heat wave is as follows:

Contribution rate of climate factors :
PTij × |∆T≥35 ◦C|

PEij
× 100% (4)

Contribution rate of population factor :
T≥35 ◦C ×

∣∣∆PTij
∣∣

PEij
× 100% (5)

The common contribution rate of population and climate factors :

∣∣∆t≥35 ◦C
∣∣×∣∣∆PTij

∣∣
PEij

× 100% (6)

In the formula, PTij × |∆T≥35 ◦C| is the influence of the population factor; T≥35 ◦C ×∣∣∆PTij
∣∣ is the influence of the climate factor;

∣∣∆T≥35 ◦C
∣∣×∣∣∆PTij

∣∣ is the combined effect of
both the population and climate factors. About delta, it refers to a fluctuation value. For
example, ∆T≥35 ◦C refers to the temperature change on different days at the same time. For
example, ∆T≥35 ◦C refers to the change in temperature difference between 6 September
at 14:00 and 7 September at 14:00. ∆PTij refers to the amount of population change on
different days at the same time. For example, ∆PTij refers to the population change in the
jth grid at the ith time point between 7 September and 6 September.

3. Results
3.1. Temporal and Spatial Distribution Characteristics of Heat Waves

According to the temperature distribution map of Zhuhai City (Figure 3), it shows
that on 6 September and 8 September, some meteorological stations had short-term high
temperatures at 13:00, 14:00, and 15:00. However, there is no significant high temperature
phenomenon in the study area within the period. Throughout the entire heat wave incident,
starting at 12:00 on 9 September, it gradually strengthened on 11 September and reached a
peak on 12 September. Table 1 shows the statistical results of the evolution of percentage of
heat wave coverage over time from 12:00 to 18:00 during the study period, which lasted
four days (9 September–12 September), starting at 12:00 on 9 September. The temperature
dropped on 10 September, and the range of the heat wave expanded rapidly from 12:00 on
11 September, with a growth rate of 36.64 times that of 12:00 on 9 September. The duration
was also delayed by 2 h from the previous 2 days. As of 12 September, the large-scale
heat wave radiation effect appeared 2 h earlier than the previous 3 days. The heat wave
coverage reached 71.57%, and the growth rate was 1.94 times of 9 September at 14:00.
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Table 1. Percentage of area covered by heat wave (%).

12:00 13:00 14:00 15:00 16:00 17:00 18:00

2021/9/6 0 0.55 0 1.51 0 0 0
2021/9/7 0 0 0 0 0 0 0
2021/9/8 0 0 0 0 0 0 0
2021/9/9 0.74 8.18 36.79 42.78 5.06 0 0

2021/9/10 0 6.43 18.79 16.54 7.95 0 0
2021/9/11 27.11 5.72 31.97 40.97 44.50 33.68 4.60
2021/9/12 16.74 56.13 71.57 69.23 62.01 41.57 7.38

According to the diurnal variation of temperature, the highest temperature in a day
appears at 14:00. This article takes the spatial distribution of temperature at 14:00 during
the heat wave cycle day as an example (Figure 3). It shows that the temperature trend in
Zhuhai City is generally distributed in a north–south direction or a southeast–northwest
direction. The high temperature area (≥35 ◦C) in Zhuhai City has the characteristics of
high in the north and low in the south, high in the northwest, and low in the southeast. The
mountainous and coastal areas in the southeast of Jinwan District and east of Xiangzhou
District are less affected by heat waves than other areas. Sustained high temperatures
are mainly concentrated in most areas of Doumen District, the northern part of Jinwan
District, and parts of western Xiangzhou District, where these areas have flatter terrain,
higher population densities, and higher industrial densities. The dual effects of natural
high temperature and man-made heat have caused the temperature in these areas to be
higher than in other areas.

3.2. Temporal and Spatial Distribution Characteristics of Population Density

Based on the weighted calculation of hourly mobile phone data and statistical popu-
lation data, the hourly population spatial distribution during the study period in Zhuhai
City is obtained from 12:00 to 18:00. Figure 4 shows the population density distribution
map at 14:00. It indicates that the high-value areas of population density are located in
the central part of Xiangzhou District (the central city of Zhuhai City), and the low-value
areas are scattered in the western area of Zhuhai City. The population spatial distribution
of Zhuhai shows “less at both ends and more in the middle” in north–south direction;
“more coastal areas in the east and less inland areas in the west” in east–west direction. The
population density distribution of Doumen District and Jinwan District in the west is in a
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ring shape, while the Xiangzhou District in the east shows a clump distribution. Judging
from the distribution trend, in the north–south direction, the population of Zhuhai City is
concentrated at the central border of Doumen District and Jinwan District and the middle
of Xiangzhou District. In the east–west direction, the population of Zhuhai City is mainly
concentrated in the eastern coastal areas, and it is gradually decreasing to the western
inland areas. During the study period, the population of Zhuhai City did not change
much, and the areas with significant population increase were mainly scattered and dotted.
From the daily hourly population density change rate during the study period (Figure 5),
the hourly population density change rate in Zhuhai City has the largest fluctuation on
6 September (Monday), and the smallest fluctuation occurred on 12 September (Sunday).
Obviously, there are significantly more commuters on weekdays than on weekends. In
addition, we can also see that the population density change rate of non-heat wave cycle
days (6 September–8 September) during the study period is significantly higher than that of
the heat wave cycle days (9 September–12 September). During the 4 days of the continuous
heat wave, the hourly population density change rate decreased day by day. The sudden
increase on 11 September (Saturday) was related to the increase in crowd travel activities.
The high heat wave reached its peak on 12 September. The weather caused a decrease in
outdoor activities, which explains that the population density change rate is the lowest
compared to previous days.
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3.3. Temporal and Spatial Characteristics of Population Exposure

In order to clarify the temporal and spatial distribution of population exposure during
the heat wave period, this article defines the area below 35 ◦C as the heat wave zero
exposure area, and people in this environment are accordingly deemed not to be harmed;
meanwhile, for part of the time period when there is no population distribution in the
heat wave area, the population exposure is counted as 0, and finally, the heat wave area
containing the population distribution is regarded as the population exposure area under
high temperature, and the hourly population exposure percentage analysis is carried out
from 12:00 to 18:00. The statistical results are shown in Table 2. By comparing Figure 6,
it shows that the time-to-hour exposure of the dynamic population is consistent with the
time-to-hour high temperature range. The strongest heat wave population exposure was on
12 September, and the population exposure percentage was as high as 55.99%, followed by
9 and 11 September. It indicates that during the heat wave cycle, the population exposure
of the first two days (9 September and 10 September) was mainly concentrated from 13:00
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to 15:00, it began to fade at 16:00, and it finally hit 0 at 17:00 and 18:00; starting from 11
September, the population exposure starts to increase, when the time has been delayed by
2 h compared to previous two days, and the number of people affected by high temperature
weather has increased. Taking the heat wave population exposure at 14:00 during the
heat wave period (9 September–12 September) as an example, the population exposure
to high temperature in Zhuhai is 543,900, 149,200, 479,000, and 1.214 million, respectively.
Due to temperature changes on 10 September, the population exposure has decreased
compared to 9 September. Starting on 11 September, the population exposure has increased,
increasing by 3.2 times and 8.13 times, respectively, compared to 10 September. After
10 September, the population exposure of Zhuhai City has increased significantly. It is
necessary to pay attention to negative impacts of high temperature on human health and
focus on strengthening the early warning and prevention of high temperature.
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Table 2. Hourly population exposure percentage during the study period (%).

12:00 13:00 14:00 15:00 16:00 17:00 18:00

2021/9/6 0 0.1 0 0.19 0 0 0
2021/9/7 0 0 0 0 0 0 0
2021/9/8 0 0 0 0.17 0.22 0 0
2021/9/9 0.17 1.78 23.52 24.3 1.35 0 0

2021/9/10 0 3.06 6.39 4.12 1.36 0 0
2021/9/11 0 1.16 20.75 25.98 30.76 23.27 0.64
2021/9/12 10.61 55.99 52.64 42.4 37.63 22.43 1.49

Taking the spatial distribution of temperature and population density in Zhuhai at
14:00 during the study period as the background, combined with the spatial distribution
of population exposure at the same time (Figure 6), it indicates that the persistent heat
wave concentration area is always in Doumen District. The population in the north and
west regions of the district is distributed in a circular pattern, with population exposure
between 0~1000/person (km2), which is at a relatively low level; Jingan Town and Baiteng
Sub-districts in the east region with the most primary/secondary schools, colleges, office
buildings, and residential areas have a population exposure rate higher than 5000 per
person (km2).
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3.4. Analysis of Factors Affecting the Change of Population Exposure under Heat waves

Changes in population exposure under heat waves not only depend on climatic factors
(temperature) but also on the scale of the population and its distribution. Looking into heat
wave cycle (Table 3) on 10 September, compared to 9 September, the population exposure
change on 10 September is mainly affected by population factors, while the population
exposure changes in the last two days of the heat wave cycle are mainly affected by the
combined influence of population factors and climate factors.

Table 3. Contribution rate of influencing factors of the change in population exposure throughout
the day during the high temperature cycle in Zhuhai City.

Population Exposure Changes Climate Factors (%) Population Factors (%) Climate and Population Factors (%)

Sept 10 vs. Sept 9 31.17 46.86 21.97
Sept 11 vs. Sept 10 10.69 27.50 61.82
Sept 12 vs. Sept 11 29.98 34.82 35.20

Considering that the population exposure of Zhuhai City under the heat wave incident
mainly appeared at 13:00, 14:00, 15:00, and 16:00, only the factors affecting the changes in
population exposure at these timestamps were analyzed (Figure 7). From the perspective
of different periods of the heat wave cycle, the leading factors of population exposure
changes are different. From 13:00 and 14:00, the changes in population exposure between
10 September and 9 September and 11 September and 10 September are most affected by
the population factor. The change in population exposure between 12 September and 11
September is mainly affected by the combined effects of climatic factors and population
factors. At other time points, the dominant factors affecting population exposure changes on
each day of the heat wave cycle are different. Comparing the contribution rate of each factor
in the heat wave cycle, it shows that the population factor’s contribution rate of exposure
changes gradually decreases, and its contribution rate gradually decreases from 66.16% and
77.69% to 3.13% and 17.19% between 10 September and 9 September and 11 September and
10 September, respectively. The contribution rate of climate factors to changes in population
exposure has shown an increasing trend over time between 11 September and 10 September
and between 12 September and 11 September. The comprehensive influence of climate
factors and population factors has no obvious regularity in each period.
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4. Summary and Discussion

This paper analyzes the population exposure situation in Zhuhai City under one heat
wave incident from the perspective of geography. The real-time weather station data and
mobile phone data present the temperature changes and population distribution in Zhuhai
City more accurately, which helps to reveal the changes in population exposure under high
temperature and to identify the hot spots of population exposure changes. Meanwhile,
this article also analyzes the influencing factors of population exposure changes under
high temperature, which has certain practical guiding significance for more effective high
temperature warning and high temperature disaster risk prevention.

This paper finds that population exposure under heat waves is not only related
to climate factors but also related to population factors. Areas with high population
density and that are economically developed may not necessarily have high population
exposure, and vice versa. In general, the population exposure of Zhuhai City has increased
significantly during this high temperature cycle. Although it is not concentrated in the
downtown area of Zhuhai, most of the other areas are affected by the high temperature. It
is worth noting that the population exposure areas are mainly concentrated near schools,
commercial buildings, industrial parks, and residential areas. The population in these areas
is susceptible to high temperatures and has weak adaptability to high temperatures. In fact,
indoor and outdoor population heat exposure is different [62–64], and the resident’s age,
gender, occupation, disease status, medical resources, economic level, and other factors will
affect the degree of residents’ response to high temperatures and heat waves. Especially,
construction workers, couriers, and takeaway delivery workers who work under high
temperature exposure are mobile sensitive groups that need urgent attention under heat
waves [65,66]. Therefore, these areas should focus on strengthening the early warning
and prevention of high temperature, and this article needs to make improvements in the
above aspects.

However, the research in this article still has some shortcomings: First, in terms of
data acquisition, it is difficult to obtain hourly meteorological data throughout the year.
In addition, mobile phone data are confidential and are difficult to obtain. Therefore,
this paper only analyzes the population exposure under one typical heat wave incident
during the data collection period. As far as the heat wave incidents occurring in history,
this is only an ordinary heat wave incident. In fact, a typical event in history is more
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convincing [67]. Secondly, in terms of methods, for the analysis of the influencing factors
affecting population exposure under heat waves, this paper discusses the two aspects
of climate factors and population factors at the macro-scale. In fact, urban structure,
socioeconomic status, and urban ecological conditions at the micro-scale also have an
impact on population exposure to heat waves, which is not explored in this paper [12,50,51].
Finally, the results of this paper only refer to the population exposure situation in Zhuhai
City under one heat wave event, which can contribute to the disaster prevention and
mitigation planning of Zhuhai City and are not universally representative. If more abundant
data can be obtained in the future, we will improve the above shortcomings.

5. Conclusions

This paper selected Zhuhai City as the heat wave research area. Taking a heat wave
incident in September 2021 as an example, based on Zhuhai city’s hourly meteorological
data, statistical population data, and hourly mobile phone data, the three types of data are
spatialized to a 500 m × 500 m grid. Based on the high temperature distribution character-
istics and the population weighting model, the qualitative and quantitative analysis of the
population exposure situation by time under the influence of heat waves is carried out. At
the same time, the influencing factors of population exposure changes were studied on this
basis. The main conclusions are as follows:

(1) The results show a dynamicity in heat wave coverage which adjusts to temporal
and spatial differences, and the coverage of the heat wave has an “increasing-decreasing-
increasing” pattern over time. The heat wave was concentrated from 12:00 to 18:00, and
from a spatial perspective, the area of heat wave coverage in west and north side of the city
is bigger and lasts longer than in the east and south side regions.

(2) On the whole, the high-value areas of population density are located in central
part of Xiangzhou District (the central city of Zhuhai City), and the low-value areas are
scattered in the western area of Zhuhai City. The population spatial distribution of Zhuhai
shows “less at both ends and more in the middle” in the north–south direction and “more
coastal areas in the east and less inland areas in the west” in the east–west direction. The
population density distribution of Doumen District and Jinwan District in the west is in a
ring shape, while the Xiangzhou district in the east shows a clump distribution. Judging
from the distribution trend, in the north–south direction, the population of Zhuhai City is
concentrated at the central border of Doumen District and Jinwan District and the middle
of Xiangzhou District. In the east–west direction, the population of Zhuhai City is mainly
concentrated in the eastern coastal areas, and it is gradually decreasing to the western
inland areas.

(3) The downtown area of Zhuhai (the central area of Xiangzhou District) is less
affected by this heat wave incident, but most areas are affected by high temperature.
The hourly population exposure is direct proportional to hourly heat wave coverage.
In terms of the time dimension, the overall population exposure shows a trend of first
decreasing and then increasing. In terms of spatial dimensions, high population exposure
is concentrated in areas such as Jing’an Town and Baiteng Street in Doumen District. These
areas are densely populated areas such as primary and secondary schools, colleges and
universities, office buildings, and residential areas. Not only that, but high population
exposure is also distributed in the area where industrial parks and commercial buildings
are widely distributed in the east of Jinwan District. Low exposure is distributed in most of
Xiangzhou District and the mountainous areas along the southern coast of Jinwan District
due to topography.

(4) Looking into the heat wave cycle, compared to 9 September, the population expo-
sure change on 10 September is mainly affected by population factors, but its contribution
to population exposure changes gradually decreases over time. In other periods, the contri-
bution rate of climate factors to changes in population exposure is gradually increasing,
and the population exposure changes in the last two days of the heat wave cycle are mainly
affected by the combined influence of population factors and climate factors. From the
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perspective of different periods of the heat wave cycle, the leading factors of population
exposure changes are different.
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