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Abstract: In the context of the increasing frequency of natural disasters caused by climate change in
recent years, rational territorial spatial planning must pay attention to production-living—ecological
(PLE) risks under climate change scenarios. In this study, a method synthesizing the Box—Cox
transformation and area weighted averaging is established for characterizing the PLE risks in China’s
provinces, which are divided into three zones to cope with PLE risks. Further, targeted strategies
from the perspective of the disaster-induced factors and disaster-affected objects are explored for the
regions within the different zones. The results show that the regions with a high production risk are
mainly distributed in Guangdong, Henan, and Shandong, with an index between 0.80 and 1.00; the
regions with a high living risk are concentrated in Jiangsu, Anhui, Guangdong, and Hainan, with an
index exceeding 0.72; and the regions with a high ecological risk are concentrated in Guangxi, Ningxia,
and Yunnan, with an index exceeding 0.50. The overall PLE risk is high along the southeastern coast,
intermediate in central and western China, and low on the Tibetan Plateau. From the A to C zones, the
number of risk types and intensity of risks requiring attention gradually decrease. For the category A
zone, recommended measures include the construction of disaster risk monitoring and early warning
systems for coastal cities and major grain-producing regions, the development of urban ecological
protection zones, and the adjustment of economic and energy structures, etc. Production and living
risks are central to the category B zone, while ecological and production risks are central to the
category C zone. This study can provide theoretical support for China’s scientific development of
land planning and the realization of a beautiful China.

Keywords: beautiful China; climate change; production-living—ecological (PLE) risks; strategies
coping with risks; provincial scale

1. Introduction

Since the Industrial Revolution, the global temperature has continued to rise, extreme
weather and climate events such as heat waves and heavy rainfall have occurred frequently,
and natural disasters have become more frequent [1-4], with serious impacts on global
natural and social systems [5,6]. Climate change has also produced many adverse effects in
China, including increasingly frequent floods in the southeastern and central regions due to
increases in temperature and precipitation [7-9], and potential extreme heat waves in North
China [10]. In the context of global climate change, China, where frequent natural disasters
occur, has suffered considerable losses from such events in the past two decades [11,12].
In particular, multiple rounds of heavy rainfall occurred in China in 2020. According to
data released by the Ministry of Emergency Management of China, 63.46 million people
were affected by the first and second floods of the Yangtze River and Yellow River in 2020,

Land 2022, 11, 1424. https:/ /doi.org/10.3390/land11091424

https:/ /www.mdpi.com/journal /land


https://doi.org/10.3390/land11091424
https://doi.org/10.3390/land11091424
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/land
https://www.mdpi.com
https://orcid.org/0000-0001-9603-6507
https://orcid.org/0000-0003-3161-1763
https://orcid.org/0000-0002-3086-2686
https://doi.org/10.3390/land11091424
https://www.mdpi.com/journal/land
https://www.mdpi.com/article/10.3390/land11091424?type=check_update&version=2

Land 2022, 11, 1424

20f15

and the direct economic losses reached CNY 178.96 B [13]. The expected value of casualties,
property losses, and resource and environmental damage caused by natural disaster events
is defined as the natural disaster risk. China’s high sensitivity to climate change exacerbates
its disaster risk [14,15].

At present, China is at a critical stage of building “Beautiful China”. In its report
to the 19th National Congress of China, President Xi Jinping proposed that the focus of
building a “Beautiful China” lies in “the formation of spatial pattern, industrial structures,
production modes, and ways of work and life that help to conserve resources and protect
environment” [16]. Scientific planning of the production-living—ecological (PLE) functions
of territorial space has become an important way to achieve a beautiful China and the
construction of an ecological civilization [17,18]. The “Outline of the People’s Republic of
China 14th Five-Year Plan for National Economic and Social Development and Long-Range
Objectives for 2035” proposed, that in the future, it will be necessary to “optimize the
pattern of territorial space development and protection” and “gradually form three spatial
patterns, namely, urbanized areas, major agricultural production areas, and ecological
function areas” [19]. However, in recent years, due to the spatial coupling effects of
global climate change and socioeconomic changes, the natural disasters caused by climate
change and extreme weather events have caused serious losses in living and production
functions [20] and irreversible effects on ecological functions [21]. In the next 10-15 years,
the risk of various disasters in China will remain extremely serious, and the risk of extreme
weather and climate events and corresponding secondary and derived disasters will become
increasingly uncertain [22]. Natural disasters associated with climate change are among
the most important factors restricting China’s socioeconomic development and ecological
environment improvement [23], and they may become an obstacle to the realization of
the goals of territorial spatial planning. Therefore, it is of great practical significance to
systematically optimize China’s PLE risks in the context of climate change.

Most studies of territorial spatial planning have focused on land use, environmental
protection, ecosystem restoration, and infrastructures [24,25], and the attention given to
natural disaster risk in such studies has mostly focused on the frequency of disaster-
causing factors [26,27]. Under the current and future conditions, it is necessary to further
explore the impacts of natural disasters caused by climate change on living and production
functions, and the effects of the exposure and vulnerability of hazard-affected objects
cannot be ignored. Therefore, it has become an important issue that needs to be solved in
the process of rational territorial space planning that accurately evaluates the PLE risks
around China under the climate change scenario, and is based on synthesizing the effects
of hazard-induce factors and hazard-affected bodies. Following this, the issue of how
to cope with the risks among various provinces with regional differences must also be
solved. This study takes this as the research goal to conduct the risk assessment of PLE
function in China and corresponding strategies that aim to deal with risks, so as to provide
scientific and technological support for the construction of a beautiful China. The three
major areas (ecosystems, food security, and socioeconomic systems) that the United Nations
Framework Convention on Climate Change (UNFCCC) focuses on [28] correspond well
to the concept of the PLE function. From the perspective of the PLE space concept with
Chinese characteristics, this paper focuses on the PLE risk of China’s provincial units, since
territorial spatial planning is often performed at the administrative unit scale. This paper
also combines the major function-oriented zoning of China [26] and current territorial
spatial planning concepts, and the risks and their conflict are explored in the main zones
based on the spatial analysis method. Further, strategies are proposed to cope with the
risks in various provinces.

2. Materials and Methods
2.1. Data and Methods

Data for the disaster-inducing factors and hazard-affected objects required for risk
calculations are included in this study. The former includes information for extreme
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climatic events such as heat waves, droughts, and floods, as well as meteorological factors
such as temperature and precipitation. To fully understand the severity of the risk of
climate change, the disaster-inducing factor data in this study correspond to RCP8.5, the
representative concentration pathway (RCP) scenario with the highest greenhouse gas
emissions. The daily climate scenario data are downscaled from the Inter-Sectoral Impact
Model Inter-comparison Project (ISI-MIP), with a spatial resolution of 0.5° x 0.5° and a
time range of 1950-2099 [29]. The climatological data for the reference period (1981-2010)
are from the China Meteorological Data Service Center. The relevant records for disaster
onset and end dates, disaster intensity, and loss are from the National Disaster Reduction
Center of China (http://www.ndrcc.org.cn/sjex/index jhtml [accessed on 2 February 2022]).
The data for hazard-affected objects mainly include gross domestic product (GDP), grain
output, population density, and the net primary productivity of vegetation. The GDP and
population density data are from the downscaled national population and GDP datasets
from 1980 to 2010 (every 10 years represents one period) simulated by the National Institute
for Environmental Studies of Japan, with a spatial resolution of 0.5° x 0.5° [30]. The future
grain output is from RCP8.5 simulations with the regional crop production model [31]
performed by the Institute of Environment and Sustainable Development in Agriculture of
the Chinese Academy of Agricultural Sciences. The net primary productivity of vegetation
is obtained using the Lund-Potsdam—Jena dynamic global vegetation model (LP] DGVM).

The PLE risks of each grid in China are explored based on a quantitative assessment
of climate change risk [32]. In this study, the calculation of risk covers two dimensions:
disaster-inducing factors and hazard-affected objects [32]. Disaster-inducing factors charac-
terize changes in the natural climate and influence the possibility of hazard occurrence [33],
including gradual events such as changes in climate conditions and emergencies such as
extreme weather/climate events. Hazard-affected objects refer to socioeconomic, resource,
and environmental factors that are negatively affected by hazards, including people, liveli-
hoods, various resources, as well as socioeconomic assets. From the perspective of disaster-
inducing factors, risk can be categorized into risk for sudden disasters—that is, the risk
associated with extreme weather/climate events (floods, heat waves, droughts, etc.), and
risk for gradual disasters, which refers to the adverse systemic effects of sudden changes
that occur when a system index exceeds a certain threshold. Risk for sudden disasters is a
function of disaster-inducing factors and hazard-affected bodies (Equation (1)). Risks of
floods, heat waves, and droughts are different, and detailed calculations are available in
past publications [34]. Since climatic factors are both driving forces and disaster-inducing
factors for ecosystem production, and considering the elastic resilience of ecosystems, the
concept of threshold values was introduced to evaluate the risk. This evaluation was
carried out according to the trend of the indicator and the key threshold (10% loss of the
average value is the threshold). Detailed calculations refer to past research [34].

R=Px (ExV) (1)

where P is the probability of the extreme events, E is the exposure of hazard-affected bodies,
and V is the vulnerability of hazard-affected bodies.

2.2. Identification of PLE Risks from Climate Change Risks

Grain output, which can be directly affected by droughts and floods, is the most
important indicator of production risk under climate change [35]. Studies of the North
China Plain [36], the middle and lower reaches of the Yangtze River [37], the southwestern
region [38], and the other Asian regions [39] have shown that disasters such as floods and
droughts are significantly correlated with grain yield reduction. In addition, economic
losses caused by floods and droughts are production risks [40] and are significantly posi-
tively correlated with the severity of disasters [41]. People are affected by heat waves and
flood disasters under climate change, with an important impact on the quantification of
living risks [42,43]. In recent years, heat waves have occurred frequently around the world
and have greatly exacerbated the risk of heat stroke or even heat-related death [44,45]. Peo-
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ple may die when the temperature exceeds a certain threshold [46]. Globally, the influence
of flood disasters on societies accounts for 52% of the effect of all natural disasters [47]. Heat
waves and floods affect the health and lives of the population and are important compo-
nents of living risk [48,49]. Although an ecosystem is characterized by anti-disturbance and
restorability capabilities [50,51], ecological risk occurs when the impact of climate change
reaches a given threshold. For example, climate change affects the patterns and processes
in wetland ecosystems by changing the water and soil temperatures and eventually leading
to the succession of wetland ecosystems [52]. In the background of climate change, the
structure [53] and functions [54,55] of global terrestrial ecosystems and the characteristics
of carbon sources and sinks change [56,57], resulting in nonnegligible ecological risks. The
production risk identified in this paper represents the possible socioeconomic and grain
yield loss and the corresponding impacts due to floods and droughts. The living risk is
associated with the possible impact on and loss of population due to heat waves and floods.
The production risk and living risk are both types of sudden disaster risk. Ecological risk
includes the ecosystem trends and the rate of change of ecosystem functions due to the
effects of climate factors such as temperature and precipitation [32], reflecting gradual
disaster risk (Figure 1).

PLE risk
I
| } }
| Production risk ‘ | Living risk ‘ | Ecology risk |
J | | |
I I ; \
| Grain yield ‘ ‘ GDP ‘ ‘ Productivity |
| Hazard-affected objects | T
P Risk evaluation for
AN N { gradual disasters ]
[ Risk evaluation for sudden disasters ] |
/ \ Temperature and
Flood ‘ Drought ‘ ‘ Heat wave precipitation changes
| Disaster-inducing factors | | Climate change |

Figure 1. Evaluation system of production, living, and ecology risks.

Based on the above data, the PLE risks are classified at the grid scale in China by using
the standard deviation multiple method [58] (Figure 2). Areas with a high production risk
account for approximately 17% of the total area of China, according to the obtained spatial
statistics (Figure 2A). Areas with a high living risk are concentrated in North China and
some areas along the southeastern coast (Figure 2B), accounting for 12% of the total area of
China; areas with an intermediate living risk account for 11%. Additionally, areas with a
high ecological risk account for 9%.
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Figure 2. Distribution pattern of production (A), living (B), and ecological (C) risk level at grid scale
under climate change scenario.

2.3. Assessment of PLE Risk Index at Provincial Scale in China

The provincial PLE risks refer to the comprehensive risk of each province in China,
which is used to characterize the severity of the PLE risk. It is the weighted average of the
PLE risk indexes obtained at the grid scale. However, because the indexes of production,
living, and ecological risks are not completely the same in terms of calculation method,
magnitude, and frequency distribution, it is difficult to compare and calculate the relative
magnitudes of various risk indexes in the same region. Therefore, the production, living,
and ecological risks are subjected to the Box—Cox transformation [59] and normalization
before the calculation of the provincial PLE risk.

First, the Box—Cox transformation of these three types of risks is performed, as shown
in Equation (2).

) i
P = A &)
Inp;,A =0
A = argmaxL(A) 3)
n 1 n A 1 n A n
LA)= =5l | p' =) pt |+ (A=D1} Inpi @)
i=1 i=1 i=1

where p, and pi()‘) are the production (or living or ecological) risk indexes before and after
the transformation of the i th grid; A is the transformation parameter corresponding to the
maximum value of L(A) in Equation (4); and n is the total number of grids.

Then, the transformed pi(A) is normalized. In general, the risk index has a minimum
value of 0 and a maximum value of 1. The normalization equation is as follows.

p;") — minp,

psi =

©)

max p;(}) — minp,(M)
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where ps; is the production (or living or ecological) risk index after the Box—Cox transfor-
mation and normalization. For any region A, the weighted average risk index P of the
region is calculated using Equation (4):

py = | BRI ©
Sa

where m is the total number of grids in region A, s; is the area of the ith grid in region A,

and Sy is the total area of region A.

2.4. Principles and Methods for Determining Category to Cope with the PLE Risks

The categories are used to characterize the intensity of the implementation of strategies
and countermeasures to cope with the production, living, and ecological risks in a certain
province. The categories are classified according to the category and size of the PLE risk,
with decreasing implementation strength from category A to category C (Table 1). Category
A zones include areas at a high risk for all three risk types, and areas at a high risk for two
of the risk types and at an intermediate risk for the remaining risk type. Category B zones
include areas at a high risk for one risk type and an intermediate risk for the remaining
risk types; areas at a high risk for one risk type, intermediate risk for one risk type and low
risk for the remaining risk type; areas at an intermediate risk for all three risk types; and
areas at an intermediate risk for two risk types and a low risk for the remaining risk type.
Category C zones include areas at an intermediate risk for one risk type and a low risk for
the remaining risk types, and areas at a low risk for all three risk types.

Table 1. Contents of categories to cope with PLE risks.

Categories Contents Values
(1) Production, living, and ecology risks all at a high level
A (2) Two types of production, living, and ecology risks are at a high level, and (1) Production risk
the remining risk is at a medium level High: 0.80-1.00
(1) One type of production, living, and ecology risk is at a high level, and the ﬁ‘i}%?b%sggo'so
remining risks are at a medium level @ L.ivi'ng ri.sk
(2) One type of production, living, and ecology risk is at a high level, one is at a High: 0.72-0.80
B medium level, and the other is at a low level M d'. N 0 5'3_0 7
. . ) . edium: 0. .
(3) Production, living, and ecology risks are all at a medium level Low: 0.01-0.53
(4) Two types of production, living, and ecology risks are at a medium level, ®) E.coio " K
ST gy ris
and the remining risk is at a low level High: 0.40-1.00
(1) One type of production, living, and ecology risk is at a medium level, and ~ Medium: 0.05-0.40
C the remining risks are at a low level Low: 0-0.05

(2) Production, living, and ecology risks are all at a low level

3. Results

3.1. Distribution Patterns of Production, Living, and Ecological Risks in the Provinces of China
under Climate Change

The production risk index for each province varies between 0.10 and 1.00. Approx-
imately 81% of the provinces have a risk index above 0.50. The overall production risk
level in China is high. The areas with a high production risk are concentrated along the
southeastern coast and in the Huang-Huai-Hai area (Figure 3A), which mainly includes
12 provinces, such as Guangdong, Fujian, Guangxi, Shandong, and Henan, with a risk
index higher than 0.80. The high production risk of the southeastern coastal areas occurs
under the influences of floods, while that of the Huang-Huai-Hai region is affected not
only by floods, but also by droughts. The areas with an intermediate production risk are
distributed to the west of the areas with a high production risk, such as Jilin, Liaoning,
Beijing, Tianjin, Hebei, Shanxi, Ningxia, Shaanxi, Chongqing, Guizhou, and Yunnan from
northeast to southwest, with risk indexes from 0.58 to 0.80. The areas with a low production
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risk are mainly distributed in arid and semiarid areas, such as Inner Mongolia, Xinjiang,
Gansu, Qinghai, Tibet, Heilongjiang, and Sichuan, with a risk index of less than 0.58.

Living risk
[T
RS

7 s

L elangy g

Figure 3. Distribution pattern of production (A), living (B), and ecology (C) risk level at provincial
scale under climate change scenario.

The living risk index is concentrated in the range of 0.01-0.80. In 75% of the provinces,
it is concentrated above 0.5 and most of these provinces are at a high level of living risk.
The areas with a high living risk are mainly distributed in eight provinces in North China
and the middle and lower reaches of the Yangtze River, such as Shandong, Henan, Jiangsu,
Jiangxi, and Hunan, with a risk index above 0.72. The concentrated distribution of areas
with a high living risk in this region is a result of the joint effect of heat waves and floods, as
well as the high exposure of hazard-affected objects due to a high population density. The
areas with an intermediate living risk are mainly distributed in the 13 central and coastal
provinces surrounding the areas with a high living risk, such as Jilin, Liaoning, Beijing,
Hebei, Shanxi, and Zhejiang, with risk indexes of 0.53-0.72. The areas with a low living
risk are mainly concentrated in Heilongjiang, Inner Mongolia, Gansu, Ningxia, Yunnan,
and Xinjiang, with risk indexes of 0.01-0.53.

The ecological risk index varies from 0 to 1.00 in China. In addition, 84% of the
provinces have an ecological risk index below 0.50, indicating the low level of ecological
risk in China in general. Only five provinces, such as Hainan, Guangdong, Guangxi and
Yunnan in southern China and Ningxia in the middle and upper reaches of the Yellow River,
have an ecological risk index above 0.50. The areas with an intermediate ecological risk
include Xinjiang, Inner Mongolia, and Gansu in northwestern China, as well as Sichuan
and Guizhou in the Yangtze River, and Shaanxi and Henan in the Yellow River basins, with
risk indexes ranging from 0.05 to 0.40. The areas with a low ecological risk include Qinghai
and Tibet, as well as Jilin and Liaoning, with ecological risk indexes below 0.05. The spatial
pattern of ecological risk is different from that of production or living risk, with no evident
distribution pattern. The ecological risk levels are relatively high in Heilongjiang, Inner
Mongolia, Xinjiang, Gansu, and Sichuan, where production and living risks are both at low
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levels. The native ecosystems in these areas are fragile, and changes in temperature and
precipitation are susceptible to changes in their ecological functions and services.

3.2. Problem Diagnosis for Coping with PLE Risk at the Provincial Level in China

Based on the levels of PLE risks, the provinces in China are classified into three
categories to cope with PLE risks (A, B, and C), and potential problems and challenges in
the areas of the three categories are identified based on mathematical statistics and spatial
analysis (Figure 4). Category A zones in China span 10 provinces (e.g., Guangdong, Fujian,
Jiangsu and Anhui). Of these 10 provinces, Hainan, Guangdong, and Jiangxi are all at
high levels of these three types of risk (Table 2). Furthermore, Hainan and Guangdong,
where the PLE risks are all high, are within the optimized development zones, such as
the Guangdong-Hong Kong-Macao Greater Bay Area and the Hainan Free Trade Port, as
well as the Beibu Gulf Economic Zone, which are key areas with high production and
ecological risks (Figure 4A). These regions are characterized by developed economies, dense
populations, and high development intensities. In addition, Jiangxi, Jiangsu, and Henan,
located in the main agricultural production zones of the Yellow River and Yangtze River
Basins in China, have the highest levels of production risk. Moreover, these provinces are
densely populated, so the living risk is high during floods and heat waves. For example, the
heavy rainfall in Henan Province in July 2021 resulted in extensive casualties and economic
losses. Due to the frequent occurrence of inland floods, which have caused significant
losses in recent years, flooding has become one of the major disaster types in North China.
The provinces in the category A zones also have different values among production, living
and ecological risks, and future development and layout should be considered the main
problem in each area.

Figure 4. Distribution pattern of category A (A), B (B), and C (C) to cope with PLE risk.
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Table 2. Statistical analysis within the categories to cope with production, living, and ecology risks.

Distribution

Risks Level

Provinces

Production, living, and ecology risks are all at a
high level

Guangdong, Hainan, Jiangxi

Production and living risks are at a high level,
and ecology risks at a medium level

Henan, Jiangsu, Shandong,
Anhui, Hunan

Production and ecology risks are at a high level,
and living risks at a medium level

Fujian, Guangxi

Ecology risk is at a high level, production risk at
a medium level, and living risk at a low level

Yunnan

Production risk is at a high level, and living and
ecology risk is at a medium level

Hubei

Ecology risk is at a high level, and living and
ecology risk is at a medium level

Shaanxi, Ningxia

Production risk is at a high level, living risk is at
a medium level, and ecology risk is at a low level

Zhejiang

Living risk is at a high level, production risk is at
a medium level, and ecology risk is at a low level

Tianjin

Ecology risk is at a high level, production risk is
at a medium level, and living risk is at a
low level

Taiwan

Production, living, and ecology risks are all at a
medium level

Shanxi, Guizhou

Production and living risks are at a medium
level, and ecology risks are at a low level

Beijing, Hebei, Liaoning, Jilin,
Chonggqing

Production and ecology risks are at a medium

Heilongjiang

level, and living risk is at a low level

Living and ecology risks are at a medium level,

and production risk is at a low level Shanghai

Ecology risk is at a medium level, and
production and living risks are at a low level.

Inner Mongolia, Gansu,
Sichuan, Xinjiang

Production, living and ecology risk are all at a

low level Qinghai, Tibet

Most of the 16 provinces and cities in the category B zones in China are located to the
west of the category A zones. The category B areas include the main agricultural production
zones in the Northeast Plain, the Huang-Huai-Hai Plain, the Fen-Wei Plain, and the Yangtze
River Basin regions, with excellent background conditions, abundant cultivated land, and
favorable conditions for agricultural development. However, due to the environmental
changes and human activities in recent years, Hubei and Zhejiang are projected to be at
a high production risk under future climate change, and Liaoning, Tianjin, Hebei, and
Guizhou are at an intermediate production risk. Ningxia and Shaanxi, which are located in
national key ecological function zones, have intermediate production and living risks but
high ecological risks, with ecological risk indexes as high as 0.62 and 0.48, ranking fourth
and sixth among the 32 provinces, respectively. Severe challenges have been created in
the four major grain-producing areas by the PLE risks and their regional differences in
category B zones, thus, mitigating the conflicts of spatial land use allocation is key.

The category C zones are mainly located on the Tibetan Plateau and in Northwest
China, with low production, living and ecological risk levels. Among them, Inner Mongolia,
Gansu, and Sichuan have low production and living risks but an intermediate ecological
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risk, with ecological risk indexes of 0.27, 0.26, and 0.10, respectively. In addition, these areas
are home to the Great and Lesser Khingan forest regions, the Hunshandake desertification
control zone, the important water supply ecological function zone of the Yellow River in
Gannan, and the ecological functional zones of Sichuan-Yunnan forest and biodiversity. The
PLE risks in the category C risk areas need to be optimized based on local conditions and
optimally managed according to risk characteristics. In addition, the PLE risks are low in
the areas to the west and north of the boundary between category C and categories A and B
but are complex and gradually aggravated to the east of the boundary. In other words, the
PLE risks are low in the western regions, with low population densities and socioeconomic
development levels, thus, suggesting that there is a lack of practical meaning in analyzing
the risks without considering the associated hazard-affected objects.

3.3. Strategy to Cope with PLE Risk

Based on the diagnostic analysis of PLE risks and spatial conflicts in China’s provinces,
specific plans are proposed for each category (Table 3). Countermeasures, which were
combined with the types and degree of risk, mainly target the two elements of risk, aiming
to reduce exposure and vulnerability.

In the category A zone, the coping strategies target production, living and ecological
risks. Establishing disaster risk monitoring and early warning systems is recommended,
as well as to raise natural disaster prevention standards for the southeastern coastal areas
of Jiangsu, Fujian and Guangdong; the main agricultural production areas of the Yellow
River (such as Henan) and Yangtze River Basins (such as Jiangxi); and the main production
areas of South China (such as Guangxi). In coastal cities, improving typhoon and storm
tide mitigation systems and strengthening the construction of seawalls are very important.
The optimization of urban waterlogging drainage systems is necessary for reducing the
economic losses and number of casualties caused by urban waterlogging. The protection
of marine ecosystems and construction of coastal ecological shelters are required. Urban
ecological protection areas with the potential to serve as ecological shelters, such as areas in
Nanning and Haikou, could be developed to alleviate the urban heat island effect. Travel
should be reduced in periods of heat waves and floods, and densely populated areas should
not be planned in extreme event-prone regions. Droughts in winter and spring are the main
disasters on the Huang-Huai-Hai Plain, and floods in summer are the primary disasters
in the main agricultural production areas of the Yangtze River Basin and South China,
which indicates the importance of natural disaster monitoring and early warning systems.
Energy structure transformation and a reduction in greenhouse gases and other pollutant
emissions would further help China to achieve carbon neutrality by 2060.

In category B zones, the strategies mainly target production and living risks. On the
one hand, we start with risk prediction, improving the flood and drought early warning
system, and taking precautionary measures against disasters. On the other hand, we
optimize areas by reducing the vulnerability of hazard-affected objects such as social devel-
opment and grain production to strengthen self-adaptation and restorability in responding
to disaster. Specifically, natural disaster risk monitoring and early warning systems must
be established in the main agricultural production areas to scientifically and efficiently
avoid disaster risks. Agricultural infrastructure construction is recommended in traditional
agricultural production areas, such as the Huang-Huai-Hai Plain and the Northeast Plain,
in order to improve the mechanization rate and water use efficiency. Accelerating the devel-
opment of competitive agriculture and the integration of farming and animal husbandry is
important to promote the coordinated development of economic and ecological agriculture.
We recommend strengthening the protection of black earth on the Northeast Plain. The
tourism industry characterized by culture should be rationally structured, and the develop-
ment of ice/snow-related tourism resources should be strengthened. In addition, in the
eastern regions with high population densities, such as Hebei and Zhejiang, promoting
relocation programs and planning regional relocation are important in disaster-prone areas.
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In urban areas, rational planning in urban agglomerations, and constructing emergency
disaster infrastructure in densely populated urban agglomerates is necessary.

Table 3. Strategy to cope with PLE risk under climate change scenario.

Categories Distributed Range Existing Problems Strategy
Production, living, and
ecological risks
> ) . 4G 4 Establishing disaster risk monitoring
{ﬁfs?hfa?tliga 2&1 ar::;lg ong Optimized and key development and early warning systems in the
% Henan, Shandong, and Jiangxi in zones characterized by developed sou.theastern coastal.areas and
Yellow,River andg\,{an tze Rgi;ver economies, dense populations, agrlcultura.l production e
A aericultural pro ducti(;gn areas and high development intensities. Strer.lgthenmg the protection for
& G‘(’; anexi in f ricultural Production, living, and ecology marine ecosystems )
gx1mn ag . risks are all at a high level Developing urban ecological
production areas of South China protection areas
Avoiding the extreme event-prone
regions’ densely populated areas for
living space planning
Production and living risks
Strengthening agricultural
infrastructure construction in
agricultural production areas
) ) ) ) Accelerating the development of
<> Heilongjiang, Jilin, and Liaoning Agricultural production areas competitive agriculture and
in Northeast Plain intensely distributed in this region integration of farming and animal
< Beijing, Tianjin, and Hebei in Production risk is at high and husbandry
Huang-Huai-Hai Plain medium levels in 15 provinces Adjusting the cropping system and
B < Ningxia, Shaanxi, and Shanxi in (Zhejiang, Hubei, etc.) agricultural configuration
Yellow River basin Living risk is at high and medium Strengthening the protection of black
< Zhejiang, Hubei, Guizhou, and levels in 13 provinces earth in northeast plain
Yunnan in Yangtze River basin (Tianjin, etc.) Developing tourism resources of ice
and snow industry
Promoting migration projects in
rural disaster-prone areas
Optimizing drainage system in
urban area
Ecology risk
< Inner Mongolia, Xinjiang, National key ecological areas Strengthenipg ecological restoration
Ningxia, and Gansu of intensely distributed in this region and protection for vulnerable areas
C northwest China Ecological risk at medium level in al.ong Yangtze and Yellow
< Qinghai and Tibet on all provinces except Qinghai River basin
Tibet Plateau and Tibet. Reducing the disturbance of human

activities on the ecological
environment

Category C zones are mainly home to national key ecological function areas. The
focus is on maintaining the ecosystem services in key ecological function areas under the
influence of different natural disasters, improving the agricultural production capacity, and
protecting the natural environment in national development-prohibited zones. Comprehen-
sive projects for water and soil erosion and land desertification control are recommended in
the middle and upper reaches of the Yangtze River and the Yellow River, where ecological
risks are high, in order to promote ecosystem restoration and reconstruction. Improv-
ing the ecosystem environment and maintaining the original ecosystems are important.
In ecologically fragile areas, restoration and protection projects should be strengthened.
Enhancing grassland grazing management and optimizing irrigation measures are the
necessary measures. Qinghai and Tibet, where production, living, and ecological risks are
low, encompass large areas of national nature reserves. The best measures are to maintain
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their original statuses, reduce the impact of human activities on the ecological environment
of the plateau, and perfect ecological protection laws and regulations.

4. Discussion and Conclusions
4.1. Discussion

In this study;, it is worth noting that the production, living, and ecological risks are
near zero in 23% of the regions in China, which are mainly distributed on the Tibetan
Plateau and along the southeastern margin of Xinjiang. Although the PLE risks are close
to zero in these regions, their comprehensive development levels are low, and their devel-
opment and utilization values are at lower levels compared to those of the southeastern
coastal areas from the perspective of territorial spatial planning. Notably, the low degree of
socioeconomic development and the low exposure of the hazard-affected objects in these
regions results in low PLE risks. This conclusion reflects the problems in risk research:
risk-prone areas may not have poor development potential, and near-zero risk areas may
not have high development potential. Therefore, the joint effect of disaster-inducing and
hazard-affected objects should be comprehensively considered. That is, an area with high
development potential should not be solely determined based on its superior natural
geographical conditions and resource endowment, and factors such as socioeconomic con-
ditions should be considered. Thus, the final results of spatial optimization can resolve the
conflict between social development and ecological civilization construction. In addition,
quantitative optimization for PLE risks in the space is an important issue. However, due to
validation indexes, their basic data for quantitative optimization has not been obtained,
and the optimization models are also being further improved, so they are not shown in this
work. In the future, if the data and methods are perfected to meet the objective, we would
quantify the optimization research for PLE risks.

4.2. Conclusions

This study identifies the production, living, and ecological risks in China based on our
research results of previous climate change risk assessments; converts these risks to PLE risk
at the provincial scale through a Box-Cox transformation; and classifies the whole region
into three categories: A, B and C. A strategy to cope with PLE risk in China considering
provincial differences is proposed based on an analysis of the conflicts and problems related
to risks. The main results are as follows:

(1) Under climate change scenarios, various provinces in China had different levels of
production, living, and ecological risks due to the impact of different disasters. When
affected by heat waves and floods, the production and living risks were high in
Jiangsu and Guangdong in the southeastern coastal areas of China. Due to the impact
of droughts, the production risks were high in Shandong, Anhui, and Henan of the
Huang-Huai-Hai Plain area. When affected by floods, the living risks were high
in Jiangxi and Jiangsu in the middle and lower reaches of the Yangtze River. With
the gradual changes in climatic factors such as temperature and precipitation, the
ecological risks were high in Yunnan and Guangxi in southern China, and Ningxia
and Shaanxi in the middle and upper reaches of the Yellow River.

(2) Based on the production, living, and ecological risks in various provinces in China,
these provinces were classified into three categories to cope with PLE risks: A, B and
C. Category A zones include the Guangdong-Hong Kong-Macao Greater Bay Area
with Guangzhou as the center, the Beibu Gulf optimized development zone with
Nanning as the center, the Hainan Free Trade Port, and Henan and Jiangsu in the
main production areas of the Huang-Huai-Hai Plain. Category B zones include Hei-
longjiang, Hebei, Hubei, and Guizhou in the main production areas of the Northeast
Plain, the Huang-Huai-Hai Plain, and the Yangtze River Basin. Category C zones
include Inner Mongolia, Xinjiang, Qinghai, and Tibet, which are located in national
key ecological function zones and development-prohibited zones.
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(38) Strategies to cope with PLE risk in China were proposed from the perspective of
territorial spatial planning. The specific recommendations for each category to cope
with the risks are as follows. Category A zones should be optimized by establishing
disaster risk monitoring and early warning systems for the southeastern coast and
the main agricultural production areas to cope with high risks. Moreover, urban
protection areas with the potential to serve as ecological shelters, such as Nanning
and Haikou, should be developed. The economic and energy structures should be
adjusted, and greenhouse gases and other pollutant emissions should be controlled.
Category B zones are mainly characterized by high production and living risks.
In the main production areas of the Huang-Huai-Hai Plain, the construction of
agricultural infrastructure and improving the agricultural mechanization rate is key.
Promoting water-saving economics is very important, especially in this area, which
suffers from water shortages. Additionally, crops with strong adaptability need to
be established in each main production area. Relocation programs are necessary for
disaster-prone rural areas with living risks at a high level. In category C zones, where
ecological risks are the focus, strengthening ecological restoration and permafrost
protection in ecologically fragile areas, and reducing the impact of human activities
are indispensable. For the three-river source region, the improvement of water use
efficiency is important. The stability of alpine ecosystems should be maintained. The
ice/snow-related tourism resources are an opportunity for Northeast China.

This study compensated for the fact that few previous studies on territorial space
planning have included the impact of natural disasters or hazard-affected bodies under
future climate change, which suggests that study in this field should add the factor of
natural disaster risk generated by climate change, especially the impact of hazard-affected
bodies. It could provide a more comprehensive level of scientifical support for the PLE
space optimization, enable a new perspective for researchers in related fields, and also
provide a decision-making basis for policy makers. In the future, we will develop and
improve a more scientific model to quantify the optimization of territorial space, combined
with the existing research.
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