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Flood is one of the main problems faced by agricultural production in China. The research
of agriculture’s floods vulnerability is the premise of scientifically dealing with floods. Based
on the vulnerability assessment framework of “sensitivity-exposure-adaptability,” this
paper selects 14 evaluation indicators from three aspects: sensitivity, exposure,
adaptability, and the index weights which are determined by the entropy weight
method to evaluate the sensitivity, resilience, and vulnerability of flood In terms of time,
China’s overall flood vulnerability shows a trend of increasing first and then decreasing.
From a spatial point of view, the number of highly vulnerable areas is relatively small which
are mainly concentrated in Henan, Hubei, Anhui and other provinces, and most areas of
the country are at low andmild levels. From the factor analysis model, the main contributing
factors of agricultural flood exposure, sensitivity and adaptability are soil erosion control
area, forest coverage rate, total reservoir capacity and total power of agricultural
machinery. Therefore, controlling soil erosion, increasing forest coverage, further
improving water conservancy facilities and strengthening agricultural mechanization
level are the keys to reduce vulnerability of agricultural floods.
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INTRODUCTION

In recent years, global climate change has intensified, and extreme climate events have also
increased significantly, which has increased the instability of agricultural production. The
security of agricultural production has been threatened and challenged. The report “Climate
Change 2022: Impacts, Adaptation, and Vulnerability” published by group II of the
Intergovernmental Panel on Climate Change (IPCC) pointed out that the current global
temperature rise is only 1.1°C, but it has caused great damage on a global scale. Record
floods have seriously threatened agricultural security and the livelihoods of tens of millions
of people around the world. The increasing risk of flood disasters has become a global problem
accompanied by climate change. The rising sea level and the increasing frequency of catastrophic
storms caused by the increase in global average surface temperature have increased the threat of
future flood disasters.

Affected by the factors such as monsoon, geographical location, topography and landform, China
is a country with frequent and serious flood disasters in the world. Flood disasters not only have a
wide range, frequent occurrence, strong suddenness, but also create huge losses. According to the
statistics, from 1991 to 2020, an average of 2,020 people died or went missing due to floods in China,
with a total of more than 60,000 deaths, resulting in an average annual direct economic loss of 160.4
billion yuan, totaling about 4.81 trillion yuan.

Edited by:
Dingde Xu,

Sichuan Agricultural University, China

Reviewed by:
Tongchao Zhang,

Chongqing Academy of Governance,
China

Huang Kai,
University of Chinese Academy of

Sciences, China

*Correspondence:
Jiaxi Zheng

470507355@qq.com
Honggang Lu

879144704@qq.com

Specialty section:
This article was submitted to

Interdisciplinary Climate Studies,
a section of the journal

Frontiers in Environmental Science

Received: 23 March 2022
Accepted: 11 April 2022
Published: 08 June 2022

Citation:
Liu Y, Zheng J, Lu H and Li X (2022)
Vulnerability Assessment and Spatio-

Temporal Dynamics Analysis of
Agricultural Flood in China.

Front. Environ. Sci. 10:902968.
doi: 10.3389/fenvs.2022.902968

Frontiers in Environmental Science | www.frontiersin.org June 2022 | Volume 10 | Article 9029681

ORIGINAL RESEARCH
published: 08 June 2022

doi: 10.3389/fenvs.2022.902968

http://crossmark.crossref.org/dialog/?doi=10.3389/fenvs.2022.902968&domain=pdf&date_stamp=2022-06-08
https://www.frontiersin.org/articles/10.3389/fenvs.2022.902968/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.902968/full
https://www.frontiersin.org/articles/10.3389/fenvs.2022.902968/full
http://creativecommons.org/licenses/by/4.0/
mailto:470507355@qq.com
mailto:879144704@qq.com
https://doi.org/10.3389/fenvs.2022.902968
https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org/journals/environmental-science#editorial-board
https://doi.org/10.3389/fenvs.2022.902968


Floods have a wider impact on farmland than in cities and
other systems. Especially for China’s agriculture with small
farmers as the main production unit, the construction of rural
infrastructure is insufficient, the popularity of agricultural
insurance is not high (Xu et al., 2019), and the ability of
farmers to deal with flood disasters is limited. Flood disasters
directly lead to the reduction of crop yields, the reduction of
people’s income, and the shortage of food. The reduction of crop
productivity and the deterioration of the ecological environment
have severely restricted the agricultural development.

China is a big agricultural country, and agriculture is the
foundation of the national economy. The safety of agricultural
production is related to food security, social and economic
development, and more importantly, social stability. From
2000 to 2020, the average area affected by agricultural floods
in China was 0.851 million hectares, and the harvest area was
reduced by 0.129 million hectares. After 2006, the economic
losses caused by flood disasters to China’s agricultural production
have been increasing year by year. In 2006–2009, the annual
economic loss caused by floods in China was about 46.6 billion
yuan, and after 2010, this figure soared to 91.3 billion yuan. In
2012, China’s grain output decreased by 40 million tons due to
floods, which was close to 6.8% of the total grain output in that
year. Therefore, in the face of more and more frequent flood
disasters, assessing the vulnerability of China’s agricultural floods
has practical value for formulating disaster prevention and
mitigation strategies and improving the ability of agriculture
to cope with flood disasters.

LITERATURE REVIEW

The concept of vulnerability originated in the social sciences,
firstly used by O’Keefe et al. (1976), to describe concepts related to
natural disasters. Vulnerability is defined as a measure of the
unfavorable degree to which the socioeconomic system of human
groups is damaged by natural disasters, and is determined by
sensitivity, exposure, and resilience (IPCC, 2001). Now, it is
widely used in disaster research (Sahana and Sajjad, 2019).
IPCC (2014) believed that vulnerability is mainly the result of
socio-economic processes and social conditions, that is, the socio-
economic pathways, adaptation and mitigation actions, and
management practices of the assessed area need to be
considered. Vulnerability is often related to disasters, aggravated
by human activities (Aroca-Jiménez et al., 2020), and will reduce
the ability of human beings and regions to respond to threats
(Fatemi et al., 2017). Climate change has an increasing impact on
production and people’s lives. In order to effectively reduce the
losses caused by floods, it is necessary to understand the
vulnerability of floods (Lian and Morimoto, 2019). In recent
years, the issue of flood vulnerability has gradually become the
focus and research hotspot of scholars from all over the world.

In the past few decades, a large number of scholars have
measured and evaluated the vulnerability of floods. From the
research field, researchers divide the vulnerability of flood into
many types, including social vulnerability, economic
vulnerability and environmental vulnerability., including

social vulnerability, economic vulnerability and
environmental vulnerability. Munyai et al. (2019) measured
the social vulnerability of communities in South Africa, and
found that the social and economic components of the flood
disaster vulnerability index system scored higher than the
natural environment score. Li et al. (2022) evaluated the
vulnerability of China’s agricultural ecosystem by multi-index
method. From the perspective of research scope, the existing
research focuses on flood vulnerability from both micro and
macro perspectives. At the micro level, the research objects are
mainly individuals, families, and communities. Mahmood et al.
(2017) used seven integrated methods to assess the impact of
flash flood events in the Sudanese capital Khartoum in 2013 and
2014, assessing vulnerability to mountain flooding. Tessema and
Simane (2019) calculated the livelihood vulnerability index
from the aspects of ecology, agriculture, society, community,
wealth, technology and infrastructure, and evaluated the
vulnerability of Ethiopia’s agricultural system based on
farmer’s interview and questionnaire. Percival and Teeuw
(2019) took a systematic approach to study flood hazard
vulnerability in mountainous Nepal. It is found that the high
vulnerability level stems from higher flood risk and lower
adaptive capacity, and the ordinal response model is used to
analyze the micro-factors affecting the flood vulnerability level.
Nazeer and Bork (2021) assessed the integrated indicators of
flood vulnerability in Khyber Pakhtunkhwa, Pakistan, from a
microscopic perspective through a household survey, setting
relative indicators and a color matrix. At the macro level,
researchers collect regional statistical data to obtain research
data. Muqtada et al. (2014) assessed flood vulnerability using
indicators such as population mortality, economics, and
agriculture. Ahmed and Balica (2019) developed a new flood
vulnerability index from six dimensions: climatic,
physiographic, land use, anthropogenic, economic and access
to services. Thereby evaluating the flood vulnerability index of
the Pre-Saharan Region. Kociper et al. (2019) analyzed the
agricultural vulnerability of Slovenia. At present, the main
methods of vulnerability measurement are mainly divided
into Indicator based approach and Multi-Criteria Approach.
At the same time, GIS methods are more and more used in
vulnerability research. Desalegn and Mulu (2021) used GIS
method to analyze the economic vulnerability of flood in
Fetam basin. Guo et al. (2021) established 12 indexes,
measured drought vulnerability in China by comprehensive
index method, and studied spatial change by GIS software.

Based on the above literature, there are abundant researches
on flood vulnerability, including research fields, research angles,
research methods and so on. However, the existing research still
has some shortcomings. First of all, the existing research mainly
focuses on the vulnerability assessment and analysis of flood
disasters in cities and river basins, and the research on the
vulnerability of floods in agriculture is insufficient. Especially
for China, a big agricultural country, there is a lack of evaluation
and discussion on the vulnerability of agricultural floods in
China. In addition, another problem of the existing research is
that the research period is short, and the long-term spatio-
temporal evolution analysis of flood vulnerability is lacking.
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Drawing on the definitions of vulnerability of IPCC (2001)
and IPCC (2014), this paper adopted the vulnerability assessment
framework of "exposure-sensitivity-adaptability" (Li et al., 2015;
Gurri et al., 2018) selected meteorological and socio-economic
indicators, combined the natural ecosystem with the socio-
economic system, collected and sorted out the statistical data
of 31 provinces (cities) in China for 21 years, established an
evaluation model of agricultural flood vulnerability, and analyzed
the vulnerability of agricultural flood in different provinces. This
will provide a reference for the prevention and control of
agricultural floods in China.

METHODS AND DATA

Model Settings
This study is based on the vulnerability concept and analytical
framework proposed by the Intergovernmental Panel on Climate
Change (IPCC). According to the existing research (Rehman
et al., 2019; Moreira et al., 2021), 14 meteorological and socio-
economic indicators were selected from the three aspects of
exposure, sensitivity and adaptability to construct a
vulnerability assessment system for agricultural flood
vulnerability. The flood vulnerability evaluation index system
established in this study is shown in Table 1.

(1) In the vulnerability assessment of agricultural floods,
exposure is the degree to which agriculture is faced with flood
disaster, including the affected area of crop floods, population
density, annual precipitation, and soil erosion control area. The
flood-affected area of crops reflects the scale of the region affected
by floods and floods for a long time. The larger the affected area,
the higher the vulnerability of flood. Population density reflects
the regional population status, and a larger population density
means greater economic losses when suffering from floods.
Precipitation is the main natural cause of flood disasters, and
annual precipitation reflects regional agricultural conditions and
has a positive impact on vulnerability to flood disasters. In
addition, soil erosion often aggravates the frequency and scale
of flood disasters and increasing the area of soil erosion control is
one of the means to alleviate flood vulnerability.

(2) Sensitivity is the degree to which agriculture is vulnerable
to floods, including the proportion of agriculture to GDP, annual
sunshine hours, crop sown area, and forest coverage. The
proportion of agriculture in GDP reflects the position of
agriculture in the national economy. The higher the
proportion, the greater the impact of agricultural natural
disasters on the economy. Annual sunshine duration are the
sum of the time when the direct solar radiation is equal to or more
than 120 w/m2 in a year. More sunshine duration mean that the
possibility of flood disaster is low. The larger the sown area of
crops, the greater the losses in the event of floods, thus increasing
the vulnerability. The forest coverage rate reflects the ecological
level of the environment, and a higher forest coverage rate is
helpful to improve the soil water storage capacity and reduce the
flood disaster.

(3) Adaptability is the ability to cope with and reduce the losses
caused by floods, which helps to reduce the vulnerability of
agricultural floods, including per capita GDP, per capita
disposable income of rural households, per capita grain
production, total reservoir capacity of the reservoir, the total
power of agricultural machinery, and the area of flood control.

GDP per capita can objectively reflect a country’s economic
level. Compared with underdeveloped countries, countries with
higher GDP per capita often have stronger infrastructure and
social resources to cope with floods. The net income per capita of
rural residents reflects farmers’ economic affordability and
disaster prevention and recovery ability (Zhou et al., 2021).
Increasing people’s net income can effectively improve rural
residents’ ability to cope with floods (Xu et al., 2017). The per
capita grain production reflects the level of agricultural
productivity, and higher agricultural productivity naturally has
a stronger ability to resist natural disasters. Water conservancy
facilities such as reservoirs are important facilities for alleviating
and weakening flood disasters. The total power of agricultural
machinery represents the degree of modernization of agricultural
production, and modern agricultural production methods are
more conducive to dealing with sudden natural disasters such as
floods. The flood-removed area is the area of land that is managed
in an area and is not affected by flood disasters and has a negative
impact on flood vulnerability.

TABLE 1 | China’s agricultural flood vulnerability evaluation index system.

Indicators and units Character

Exposure E1:Flood-affected area of crops (khm2) +
E2:Population density (person/km2) +
E3:Annual precipitation (mm) +
E4:Soil erosion control area (khm2) -

Sensitivity S1:Agriculture in GDP proportion (%) +
S2:Annual sunshine duration (h) -
S3:Crop sown area (khm2) +
S4:The forest coverage rate (%) -

Adaptability A1:GDP per capita (yuan/per) -
A2:Net income per capita of rural residents (yuan/per) -
A3:Food production per capita (kg/per) -
A4:Total reservoir capacity (100 million m³) -
A5:Total power of agricultural machinery (10 MW) -
A6:Flood-free arable land area (khm2) -
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(4) It is necessary to explain the character of indicators
(Table 1). For the indicators whose character is “+”, the
vulnerability degree increases with the increase of the index
value. However, for the indicators whose character is “−”, the
vulnerability degree decreases with the increase of the index
value.

Source of Data
The historical data used in this article are the climate and
economic data of 31 provincial-level administrative units in
China (except Hong Kong, Macao, and Taiwan) from 2000 to
2020. The climate data includes annual total rainfall and annual
sunshine hours, all from the National Meteorological Science
Data Center (http://data.cma.cn). Economic data are from the
National Bureau of Statistics of China (http://www.stats.gov.cn)
and the China Statistical Yearbook. Table 2 shows the relevant
characteristics of the sample data.

Entropy Weight Method
Referring to Guo et al. (2020), in order to make the evaluation
results more objective, this study selected entropy weight method
to calculate the vulnerability of agricultural floods. The entropy
weight has the following methods and steps:

The first step of entropy weight method is to standardize the
index data to eliminate the differences in units between different
data. The entropy weight method specifies the standardization
methods of positive and negative indicators, as shown in Formula
1 and Formula 2.

In this paper, i is the number of provinces, i=1,2,... ,31, j is the
number of evaluation indexes, and j=1,1,2,... ,14.Xij represents the
value of j index of ith province. Xmax and Xmin represent the
maximum and minimum values of Xij. Yij is the normalized value
of Xij.

Positive indicator: Yij � Xij −Xmin

Xmax −Xmin
(1)

Negative indicator: Yij � Xmax −Xij

Xmax −Xmin
(2)

Calculate the weight index Pij, m=31

Pij � Yij

∑m
i�1Yij

(3)
Calculate the information entropy of the jth index Ej:

Ej � − 1
lnm

∑m

i�1Pij ln(Pij) (4)
Calculate the coefficient of variance of the jth indicator Hj:

Hj � 1 − Ej (5)
Calculate the weight of the jth indicator Wj:

Wj � Hj

∑m
j Hj

(6)

Vulnerability Assessment Model
According to Yuan et al. (2021), agricultural flood vulnerability is a
function of exposure, sensitivity, and adaptive capacity. This paper
constructs a vulnerability evaluation model to measure the
vulnerability index of agricultural flood in China.

V � E + S + A (7)
Where V represents vulnerability, E represents exposure, S

represents sensitivity, and A represents adaptive capacity. E, S and
A are calculated as follows:

E � ∑
4

j�1
WejYeij

S � ∑
4

j�1
WsjYsij

A � ∑
6

j�1
WajYaij

(8)

WhereWej,Wsj, andWaj are the weights of the jth indicators of
exposure, sensitivity, and adaptive capacity, respectively; Yeij, Ysij,
and Yaij are the standardized values of the jth indicators of
exposure, sensitivity, and adaptive capacity, respectively.

Cj � Ij × Wj

∑
14

j�1
(Ij × Wj)

× 100% (9)

TABLE 2 | Descriptive statistics of the sample.

Indicators Obs Mean Std. Dev Min Max

Flood-affected area of crops 651 274.587 412.104 0 3204
Population density 651 422.081 623.0776 2.146012 3924.29
Annual precipitation 651 940.619 448.2305 200.8411 2231.668
Soil erosion control area 651 3453.729 2873.445 0 15221.5
Agriculture in GDP proportion 651 11.835 6.587329 0.3 37.9108
Annual sunshine duration 651 2077.531 500.4262 932.9999 3156.375
Crop sown area 651 5167.48 3671.55 88.6 14910.1
The forest coverage rate 651 29.575 17.73673 2.94 66.8
GDP per capita 651 36004.07 28497.04 2661.557 164889
Net income per capita of rural residents 651 7964.299 5951.785 1330.8 34911.3
Food production per capita 651 408.945 299.6235 13.3529 2347
Total reservoir capacity 651 232.036 212.7197 4.9 1263.894
Total power of agricultural machinery 651 2763.183 2685.304 93.97 13353.02
Flood-free arable land area 651 714.5034 977.4855 0 4483
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Factor Contribution Model
The premise of effectively reducing vulnerability is to identify and
analyze its main influencing factors. In the research of influencing
factor identification, factor contribution models are widely used.
This paper analyzes the main factors affecting the vulnerability of
agricultural floods in China. the calculation equation is as follows:

Cj is the contribution of the jth index to vulnerability, Ij is the
index deviation, usually expressed as the difference between 1 and
the pu value Yij of each index; Wj is the weight of index j
calculated by Formula 6.

RESULTS AND DISCUSSION

Vulnerability Assessment of Agricultural
Floods in China
According to Formula 8, the agricultural flood vulnerability index,
exposure index, sensitivity index, and adaptability index inChina from
2000 to 2020 is calculated in this paper, and lists the data in Table 3.

From2000 to 2020, China’s agricultural flood vulnerability showed
a fluctuating downward trend, reflecting the improvement of China’s
overall flood vulnerability. The national average flood vulnerability
increased from 0.365 in 2000 to 0.403 and in 2004, reaching the
highest value, and then began to fluctuate and decrease to 0.338 in
2020. The possible reason is that since 2005, China’s Central
Document No. 1 of the Central Government has continuously
paid attention to the construction of agricultural infrastructure.
The corresponding increase increases the ability of agriculture to
resist natural risks, resulting in a lower vulnerability index.

In the existing research, there is no clear level standard of
agricultural flood vulnerability. Based on the researches of
Kociper et al. (2019), Yuan et al. (2021), Guo et al. (2021) and
Li et al. (2022), this study graded the vulnerability index, exposure
index, sensitivity index and adaptability index of agricultural
floods in China from 2000 to 2020. The classification range is
shown in Supplementary Data Sheet S2. Among them, all the
indicators that constitute the adaptability index are negative (as
shown in Table 1), and reverse normalization is carried out, that
is, the smaller the adaptability index, the higher the adaptability.

Spatio-Temporal Dynamics Analysis of
Agricultural Flood Vulnerability in China
After calculating the vulnerability index of agricultural floods in
China, this study used Arcgis10.5 software to visualize the data, and
the results of a temporal and spatial variation of agricultural flood
vulnerability in China from 2000 to 2020 were shown in Figure 1.

The vulnerability of agricultural floods in China is weakening
from the central and southern regions to the northwest regions.
Compared with the northwest provinces, the central and
southern provinces have relatively more annual precipitation,
high population density, and high intensity of agricultural and
economic activities.

The number of highly and moderate vulnerable areas is
relatively small, mainly concentrated in south-central and
southwest areas, including Henan, Hubei, Hunan, Anhui,
Sichuan, Guangxi, Jiangxi, Guizhou and Shanghai. The first is

geographical factors. There are problems such as instability,
flooding, short river channels, concentrated rainstorms, and
poor circulation in the Yellow River (Wu et al., 2012), so the
Henan near the Yellow River is more vulnerable to floods. Hunan
and Hubei are located in the middle and lower reaches of the
Yangtze River, the largest river in China. The topography of
Sichuan, Guizhou and Guangxi is mainly mountainous and hilly,
with frequent floods in mountainous areas (Zeng et al., 2021).
Secondly, compared with other regions, these regions are
provinces with higher population density in China, and their
cultivated land area ranks among the top in the country. The
natural conditions for agricultural development are good, and the
exposure and sensitivity to flood disasters are relatively high.
Therefore, the vulnerability is high.

Low and mildly vulnerable areas maintain an absolute
majority in aggregate, accounting for more than two-thirds of
all areas in the country. Mainly concentrated in the Northeast and
West. Among them, Jilin, Heilongjiang and Liaoning in the
northeast have long been in low and mild vulnerability levels,
with high forest coverage, per capita grain production, total
power of agricultural machinery, and total reservoir capacity,
and have strong adaptability to flood disasters. Xinjiang, Tibet,
Gansu, Qinghai, Ningxia, Inner Mongolia, Shaanxi, and other
regions in the western region have been in low vulnerability level
for a long time. These regions have relatively arid climate, low
precipitation, many sunshine hours, and weak sensitivity to flood
disasters.

Spatio-Temporal Dynamics Analysis of
Agricultural Flood Exposure in China
Figure 2 shows the evaluation results of agricultural flood
exposure and the spatial distribution of exposure index levels
in each province in China from 2000 to 2020.

TABLE 3 | Average vulnerability of agricultural floods in China from 2000 to 2020.

Year Vulnerability Exposure Sensitivity Adaptability

2000 0.365 0.111 0.125 0.128
2001 0.399 0.136 0.131 0.133
2002 0.394 0.137 0.128 0.129
2003 0.370 0.133 0.120 0.118
2004 0.403 0.154 0.123 0.126
2005 0.392 0.140 0.123 0.128
2006 0.382 0.129 0.123 0.130
2007 0.384 0.135 0.126 0.124
2008 0.361 0.118 0.124 0.120
2009 0.343 0.111 0.121 0.111
2010 0.382 0.130 0.130 0.122
2011 0.382 0.117 0.135 0.130
2012 0.389 0.122 0.139 0.128
2013 0.328 0.095 0.118 0.114
2014 0.351 0.112 0.122 0.118
2015 0.371 0.125 0.125 0.121
2016 0.352 0.109 0.121 0.122
2017 0.352 0.114 0.121 0.116
2018 0.327 0.099 0.121 0.108
2019 0.327 0.099 0.121 0.108
2020 0.338 0.112 0.123 0.103
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From 2000 to 2020, China’s overall agricultural flood exposure
showed a trend of increasing first and then decreasing. Xinjiang,
Tibet, Gansu, Qinghai, Ningxia, Inner Mongolia and other places
have the lowest exposure to agricultural floods, belonging to low-
exposure areas, concentrated in the western region and west of
the Huyong line, which may not only be arid and less rainy, but
also have a small population density. related. The lightly exposed
areas were concentrated in the southwest and southeast coastal
areas, mainly in Sichuan, Yunnan, Guizhou, Fujian, and
Guangdong. Similar to the vulnerability index distribution, low
and mild exposures account for the vast majority of the national
area. Anhui, Henan, Hunan, Hubei and Shanghai have the
highest exposure to agricultural floods. This may be due to the

fact that these places are located in the Yangtze River and Yellow
River basins, with abundant water resources, and the scale of
agricultural production and population are at the forefront of the
country. Among them, Shanghai is located in the coastal area, and
typhoons are frequent., easy to bring heavy rain, resulting in high
exposure.

Spatio-Temporal Dynamics Analysis of
Agricultural Flood Sensitivity in China
Figure 3 shows the results of agricultural flood sensitivity
evaluation and the spatial distribution of sensitivity index
levels in various provinces in China from 2000 to 2020.

FIGURE 1 | Temporal and spatial variation of agricultural flood vulnerability in China.
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From 2000 to 2020, the main distribution areas of high-value
and medium-value areas of agricultural flood sensitivity in China
are similar to the exposure, mainly in Shandong, Henan, Hubei
and Anhui. Shandong, Henan and Hubei are major agricultural
provinces in China. Agriculture accounts for the proportion of
gross domestic product and the sown area of crops is relatively
high. Once a flood disaster occurs, agriculture suffers huge losses.
Mild flood-sensitive areas are mainly distributed in western
China, including Qinghai, Ningxia, Tibet, Gansu, Shaanxi,
Xinjiang, Shanxi, and Inner Mongolia. These areas are deep
inland, not easily affected by monsoons, and have little
rainfall. In addition, more than two-thirds of the provinces in
China are at the level of mild and low flood sensitivity.

Spatio-Temporal Dynamics Analysis of
Agricultural Flood Adaptability in China
Figure 4 shows the results of agricultural flood
adaptability evaluation and the spatial distribution of
adaptability index levels in various provinces in China from
2000 to 2020.

From 2000 to 2020, the adaptability of agricultural floods in
China’s provinces has shown a significant improvement trend.
The number of provinces with high adaptability has increased
from 5 in 2000 to 10 in 2020. The adaptability of agricultural
floods in China has been significantly enhanced. Over time, the
adaptive index of the central and western provinces improved
significantly. At present, the areas with mild adaptability to

FIGURE 2 | Temporal and spatial variation of agricultural flood exposure in China.
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agricultural floods are mainly in Gansu, Qinghai, Tibet, Hainan
and other places, which may be related to the backward
agricultural development and low agricultural investment in
these places.

Factor Contribution Analysis of Agricultural
Flood Vulnerability in China
In order to further analyze the factors that affect the vulnerability
of agricultural floods in China, this study uses the factor
contribution model to calculate the contribution of each factor
to the vulnerability to agricultural floods and lists the top three

factors with the largest contributions in 2020 in Supplementary
Data Sheet S3.

It is noted that in Supplementary Data Sheet S3 that the main
contributing factors of agricultural flood exposure in China are
E4 (Soil erosion control area) and E3 (Annual precipitation).
Therefore, it is necessary to improve the ecology and
environment, restore forest and grass vegetation, and adjust
the land use structure to continuously increase the area of soil
erosion control. The main contributing factors to my country’s
agricultural flood sensitivity are S4 (The forest coverage rate) and
S2 (Annual sunshine duration). The principle of adapting
measures to local conditions, combined with climate and soil

FIGURE 3 | Temporal and spatial variation of agricultural flood sensitivity in China.

Frontiers in Environmental Science | www.frontiersin.org June 2022 | Volume 10 | Article 9029688

Liu et al. Vulnerability Assessment of Agricultural Flood

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


conditions, restores forest and grass vegetation in ecologically
fragile areas, and gives full play to the role of forests in conserving
water and soil and weakening flood disasters. The main
contributors to China’s agricultural flood resilience are A4
(Total reservoir capacity) and A5 (Total power of agricultural
machinery). It is necessary to strengthen the construction of
agricultural infrastructure such as water conservancy, improve
the level of agricultural mechanization and ensure China’s food
security.

At the same time, from the perspective of regional
characteristics. Soil erosion control area is the main exposure
factor and annual sunshine duration is the main sensitivity factor

that affect the vulnerability of agricultural floods in western
provinces such as Tibet, Shaanxi, Gansu, Qinghai, Ningxia and
Xinjiang. The main factors affecting the exposure, sensitivity and
adaptability of Yunnan, Guizhou and Sichuan are annual
precipitation, forest coverage rate and total reservoir capacity
respectively.

CONCLUSION AND DISCUSSION

This study constructed the vulnerability evaluation system of
agricultural flood in China. The vulnerability, exposure,

FIGURE 4 | Temporal and spatial variation of agricultural flood adaptability in China.
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sensitivity and adaptability of agricultural floods in China from
2000 to 2020 were calculated by entropy weight method, and their
temporal and spatial evolution was analyzed. The main
conclusions are as follows:

1) From the perspective of the whole country, from 2000 to 2020,
the vulnerability of China’s agricultural floods showed a
fluctuating downward trend. Specifically, the vulnerability
to agricultural flooding decreases from the central south to
the northwest. Central regions such as Hunan, Henan, Hubei,
and Anhui have long-term high vulnerability to floods, while
northwestern provinces such as Gansu, Ningxia, and Shaanxi,
and northern provinces such as Beijing and Hebei are mildly
vulnerable, and Heilongjiang Province in northeastern China
has increased vulnerability to agricultural floods over time.

2) The number of highly and moderately vulnerable areas is
relatively small, mainly concentrated in south-central and
southwest areas. The main distribution areas of high-value
and medium-value areas of agricultural flood sensitivity in
China are similar to the exposure, mainly in Shandong,
Henan, Hubei and Anhui. The areas with mild adaptability
to agricultural floods are mainly in Gansu, Qinghai, Tibet, and
Hainan.

3) Henan, Hubei and Anhui, which are located in central China,
are big agricultural provinces and important agricultural
producing areas to ensure national food security. However,
in the past 21 years, their vulnerability to agricultural flooding
has been high and medium. For food security and sustainable
agricultural development, the central provinces should take
effective measures to reduce the vulnerability of agricultural
floods.

4) The main contributing factors of agricultural flood exposure ar
soil erosion control area and annual precipitation. The main
contributors to sensitivity are the forest coverage rate and annual
sunshine hours. The main contributors to resilience are total
reservoir capacity and total power of agricultural machinery.

This study expanded the research scope of agricultural
vulnerability, and based on the vulnerability analysis framework,
the vulnerability assessment system of agricultural floods in China
was constructed from three aspects: exposure, sensitivity and
adaptability. This paper analyzes the vulnerability of agricultural
floods in China from two dimensions of time and space, and points
out the provinces that are still in high vulnerability, providing

reference for the formulation of disaster prevention and mitigation
planning. Secondly, this paper calculates the factor contribution of
different indicators, so as to better identify the main indicators that
affect the vulnerability of agricultural floods. This has certain policy
significance for reducing the vulnerability of agricultural floods in
China and realizing the sustainable development of agriculture.
However, this paper also has shortcomings. For example, due to the
consideration of data availability, the vulnerability index selected in
this paper mainly comes from social and economic factors, without
taking topographic structure, climatic conditions, soil and other
factors into account. It is necessary to further study it in the future.
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