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Abstract: The impact of global climate change has intensified, and the frequent occurrence of me-
teorological disasters has posed a serious challenge to crop production. This article conducts an
integrated risk assessment of agricultural drought disasters in the main grain-producing areas of Jilin
Province using the temperature and precipitation data of the study area from 1955 to 2020, the sown
area of crops, historical disaster data, regional remote sensing images, and statistical yearbook data.
The agricultural drought integrated risk assessment model was built around four factors: drought
hazards, vulnerability of hazard-bearing bodies, sensitivity of disaster-pregnant environments, and
stability of disaster mitigation capacity. The results show that the study area has shown a trend of
changing from wet to dry and then wet over the past 66 years, with the occasional occurrence of
severe drought, and a decreasing trend at a rate of −0.089. (10a)−1 overall. The integrated risk of
drought in the study area exhibits regional clustering, and the overall risk level has some relationship
spatially with the regional geological tectonic units, with the high-risk level concentrated in the
central area of Song Liao Basin and close to the geological structure of Yishu Graben and the low risk
level concentrated in the marginal area of Song Liao Basin. Based on the results of the risk factor
analysis, integrated risk prevention suggestions for drought in the main grain-producing areas of Jilin
Province were put forward from four aspects. Fine identification and evaluation of high-risk areas
of agricultural drought can provide a quantitative basis for effective drought resistance activities in
relevant areas.

Keywords: drought; integrated risk assessment; major grain-producing areas; Jilin province

1. Introduction

Global warming and urbanization have brought about changes in the intensity and
frequency of weather-causing factors and the exposure of crop-bearing bodies, which
have important implications for agricultural production’s ability to withstand natural
disasters [1,2]. The IPCC Fourth Assessment Report (AR4) and Fifth Assessment Report
(AR5) point out that global warming has led to an increase in the frequency and intensity
of droughts, and the risk of drought is expected to show an increasing trend in the future.
The Sixth Assessment Report (AR6) indicates that droughts in northern China have tended
to increase since 1960 [3]. Drought is the most serious meteorological disaster that impacts
on agricultural production. In agricultural sectors, it refers to the phenomenon of water
deficit in crops caused by the continuous lack of soil moisture during the crop reproductive
period, which affects the normal growth and development of the crop [4]. Therefore,
an objective evaluation of the risk of drought disasters and the current state of regional
disaster mitigation capacity is of great significance to ensure the sustainable development
of regional agriculture.

Agricultural production relies on the natural environment for animal and plant growth
and is more vulnerable to natural disasters than other industries. In recent years, agri-
cultural disaster risk assessment has been carried out in various regions. Villani et al.
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presented a complete drought risk assessment methodology, applied to the agricultural
systems of five Italian coastal watersheds, introducing a simple robustness evaluation
method to validate the assessment tool and archetype analysis to link the outputs with
adaptation strategies [5]. Liu et al. used an integrated multi-indicator evaluation combined
with an entropic information diffusion model to assess the risk of agricultural droughts
and floods in the middle and lower reaches of the Yangtze River, and proposed relevant
policy suggestions based on the assessment results [6]. Summarizing previous research, it
is concluded that there is a less integrated risk assessment for agricultural meteorological
catastrophes, which primarily focuses on the study of disaster risk. At the same time,
regions or nations serve as the primary assessment units for the risk assessment outcomes.
Gridding-based refined evaluations are scarce due to the extent of the available data statis-
tics, and there is insufficient advice for disaster risk assessment and work in tiny regions.
Additionally, there is limited evaluation of the regional disaster preventive and mitigation
capability and the quantified disaster-pregnant environment system, and the study on
these topics is still in the qualitative analysis stage.

China is a major grain-producing and consuming country. Natural disasters have
posed a major challenge to food security in China. The regional meteorological disasters
have obvious seasonal changes and regional differences in the western part of Jilin Province.
It is a typical climate ‘vulnerable area’ in China [7,8]. The total grain output of Jilin
Province in 2021 was 80.784 billion pounds, maintaining the fifth place in the national
ranking, and the yield continued to maintain the fourth place in the country (http://
www.moa.gov.cn/xw/qg/202112/t20211227_6385576.htm/, accessed on 20 October 2022).
All data reflect that Jilin Province’s grain security production cannot be ignored. As
China’s important commodity grain-production base distribution area, China’s top five
regions (Yushu, Nongan, Gongzhuling, Lishu, Fuyu) are located in this area. Therefore,
the agricultural development of the main grain-producing areas in central and western
Jilin Province is very important to ensure national food security. Previous studies have
shown that the recurrence period of drought disasters in the study area is short, about
1–2 years, which seriously threatens the regional economy and food security [9]. In order to
comprehensively consider the impact of drought disasters on regional agricultural systems,
the study area was finely divided into a grid, and an integrated agricultural drought risk
assessment model was constructed from four aspects: drought hazards, the vulnerability of
hazard-bearing bodies, the sensitivity of disaster-pregnant environments, and the stability
of disaster mitigation capacity. The risk of agricultural drought in the region is analyzed
and evaluated, the spatial variation of the risk level and integrated risk of agricultural
drought in different time scales is obtained, and suggestions for sustainable development
of regional agriculture are made. This article is expected to provide refined guidance for
relevant departments to scientifically formulate drought prevention and mitigation policies
and plans.

2. Materials and Methods
2.1. Study Area

Jilin province is located at mid-latitudes on the eastern side of the Eurasian con-
tinent (121◦38′ E–131◦19′ E, 40◦52′ N–46◦18′ N). It has a cultivated land area of about
749.85 million hectares. The fertile soil in the region mainly produces corn and rice.
Jilin Province has an average annual temperature of 5.2 ◦C and average yearly sunshine
hours range from 2133 to 2903 h. The distribution of temperature and sunshine in the
province decreases from west to east. The average annual precipitation in Jilin Province is
612.2 mm, and it rises from west to east. Moreover, 60% of the yearly precipitation falls dur-
ing the summer, the wettest of the four seasons, whereas just 14% of the precipitation falls
between April and May. As a result, Jilin Province has several spring droughts, particularly
in its western region, where “nine droughts in ten years” are believed to have occurred [10].
Combining the available data, the article classifies the province’s grain yield using the
natural intermittent classification method based on the grain yield data of 60 districts in

http://www.moa.gov.cn/xw/qg/202112/t20211227_6385576.htm/
http://www.moa.gov.cn/xw/qg/202112/t20211227_6385576.htm/
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Jilin province in 2020, and finally obtains 18 districts with high and medium–high yield
grades as the study area. The study area is mainly located in the central and western regions
of Jilin Province (Figure 1). The main grain-producing area of Jilin Province is located
in the transition zone with a semi-humid to semi-arid climate in the middle temperate
zone [11,12]. The region is flat, vast farmland, a fertile land, which is one of the worlds’
three black soil distribution centers. The grain output of 18 major grain-producing areas
in the study area is more than 800,000 tons in 2020 (Table 1). Through the integrated risk
assessment of drought in major grain-producing areas, it is expected to provide a reference
for the sustainable development of regional agriculture and the protection of regional
food security.

Land 2023, 12, x FOR PEER REVIEW 3 of 27 
 

between April and May. As a result, Jilin Province has several spring droughts, particu-
larly in its western region, where “nine droughts in ten years” are believed to have oc-
curred [10]. Combining the available data, the article classifies the province’s grain yield 
using the natural intermittent classification method based on the grain yield data of 60 
districts in Jilin province in 2020, and finally obtains 18 districts with high and medium–
high yield grades as the study area. The study area is mainly located in the central and 
western regions of Jilin Province (Figure 1). The main grain-producing area of Jilin Prov-
ince is located in the transition zone with a semi-humid to semi-arid climate in the middle 
temperate zone [11,12]. The region is flat, vast farmland, a fertile land, which is one of the 
worlds’ three black soil distribution centers. The grain output of 18 major grain-producing 
areas in the study area is more than 800,000 tons in 2020 (Table 1). Through the integrated 
risk assessment of drought in major grain-producing areas, it is expected to provide a 
reference for the sustainable development of regional agriculture and the protection of 
regional food security. 

 
Figure 1. Research area map. 

Table 1. Overview of the situation in each region. 

Region Name Abbreviation Grain Production in 2020 
(Million Tons) 

Region Area 
(Million Hectares) 

Sown Area in 2020 
(Million Hectares) 

Nongan NA 305.0046 54 42.6 
Fuyu FY 300 46.58 33.3771 

Yushu YS 296.574566 47.22 38.0681 
Gongzhuling GZL 250.3623 40.27 31.3891 

Lishu LS 200 42.09 26.4963 
Qianguo QG 194.4849 70 32.2881 

Changling CL 173.68926 57.284 33.1743 
Dehui DH 142.25 34.35 20.2009 

Tongyu TY 138.1 84.76 28.0806 
Shuangliao SHL 120.35 31.212 18.9896 

Jiutai JT 119.7508 28.75 19.4158 

Figure 1. Research area map.

2.2. Data Sources and Indicator Selection

Risks do not exist in a vacuum. The motion of the Earth as a whole, as well as
changes in other systems, are thought to govern and impact natural hazard systems, which
are seen as an essential component of the Earth’s surface system. The more commonly
used disaster risk assessment models internationally are UN-DRO, NOAA, APELL, and
others. They mainly include the identification of risk events, hazard analysis of risk factors,
vulnerability or exposure analysis of disaster-bearing bodies, risk classification and impact
analysis [13–16]. Disasters caused by drought have a more difficult time developing. The
sensitivity of the environment to hazards and disasters, susceptibility of disaster-bearing
entities, and mitigation capability all play a role in the integrated risk of agricultural
drought hazards in this study. The research area’s drought integrated risk assessment
model may be constructed using the equation below:

F =
XH × XS × XV

XR
(1)

In the formula: F is the integrated risk index of agricultural drought disaster; XH ,
XS, XV , and XR represent the disaster-causing hazard, the sensitivity of the agricultural
disaster-pregnant environment, and the vulnerability of the hazard-bearing body and
drought resistance of the agricultural system, respectively. The calculation results are
reclassified to obtain the integrated risk level of agricultural drought disasters.
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Table 1. Overview of the situation in each region.

Region Name Abbreviation Grain Production in 2020
(Million Tons)

Region Area
(Million Hectares)

Sown Area in 2020
(Million Hectares)

Nongan NA 305.0046 54 42.6

Fuyu FY 300 46.58 33.3771

Yushu YS 296.574566 47.22 38.0681

Gongzhuling GZL 250.3623 40.27 31.3891

Lishu LS 200 42.09 26.4963

Qianguo QG 194.4849 70 32.2881

Changling CL 173.68926 57.284 33.1743

Dehui DH 142.25 34.35 20.2009

Tongyu TY 138.1 84.76 28.0806

Shuangliao SHL 120.35 31.212 18.9896

Jiutai JT 119.7508 28.75 19.4158

Taonan TN 116.15196 51.03 21.9038

Zhenlai ZL 116.05043 47.37 17.4508046

Qianan QA 110.1002 36.166 16.2898

Yitong YT 104.1922 25.23 12.5333

Taobei TB 100.56755 25.25 14.98984

Shulan SL 96.003 45.5705 13.7887

Daan DA 86.5897 48.79 15.3928

2.2.1. Disaster-Causing Hazard

Drought-disaster-causing hazard refers to a water shortage due to persistently dry
weather. The analysis of precipitation level changes cannot fully reflect the degree of
drought, and the influence of evapotranspiration needs to be included to characterize
the regional risk status of disaster-causing factors. In this study, monthly data from
18 meteorological stations in the study area, including temperature, precipitation, and other
meteorological elements, were selected for the period 1955–2020, and the above data were
obtained from the National Tibetan Plateau Scientific Data (https://data.tpdc.ac.cn/zh-
hans/, accessed on 22 October 2022). The average temperature and average precipitation
data for each meteorological station in the study area for 792 months were extracted in
batches using Python software. At the same time, the standardized evapotranspiration
index (SPEI) was calculated at different time scales (monthly, seasonal, and annual scales),
i.e., SPEI-1, SPEI-3, and SPEI-12. The data from each meteorological station was classified
into drought classes, and the frequency of drought at the station was calculated based on the
classification results. In order to visualize and synthesize the danger that precipitation and
temperature may trigger in the formation of drought, the standardized evapotranspiration
index (SPEI) at SPEI-1 (monthly), SPEI-3, and SPEI-12 was selected. The standardized
evapotranspiration index (SPEI) on the SPEI-1 scale was selected as the hazard index in the
study. Based on the inverse distance weighting method in ArcGIS, the drought frequency
at the corresponding monthly scale of meteorological stations was interpolated into raster
data, and the results were assigned to a 1 km by 1 km grid in the study area.

The standardized Precipitation Evapotranspiration Index (SPEI) is an index calculated
using precipitation and air temperature data to characterize wet and dry conditions. It is
further developed from the SPI normalized precipitation index, and incorporates the effect
of evapotranspiration, making it more applicable in areas with significant temperature
trends, especially for long-time-scale studies. The article analyzes the temporal trends and
spatially significant characteristics of the SPEI index at different time scales using data from

https://data.tpdc.ac.cn/zh-hans/
https://data.tpdc.ac.cn/zh-hans/
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18 meteorological stations in the study area for the last 66 years and is used to characterize
the risk of drought-causing factors in the study area. The SPEI is obtained by normalizing
the difference between the average annual precipitation and potential evapotranspiration,
and the SPEI calculation method considers the influence of meteorological factors on the
potential evapotranspiration and is suitable for drought assessment in the study area
because of the large potential evapotranspiration [17–19]. The specific calculation steps are
as follows:

Calculating the difference (Di) between potential evapotranspiration and mon-
thly precipitation:

Di = Pi − ETi (2)

where: Pi is the accumulated precipitation in month i, mm; ETi is the potential evapotran-
spiration in month i, mm, and Di is the parameter reflecting the moisture surplus and
deficit in month i, mm.

The water profit and loss accumulation sequence were constructed, the log–logistic
probability distribution function was used, and the probability density was standardized
to calculate the corresponding SPEI value:

I =

 w− C0+C1w+C2w2

1+d1w+d2w2+d3w3 , p ≤ 0.5

−
(

w− C0+C1w+C2w2

1+d1w+d2w2+d3w3

)
, p > 0.5

(3)

where: I is the SPEI value; w probability weighted moments; p is the cumulative probability;
C0, C1, C2, d1, d2, d3 are constant terms, C0 = 2.515517, C1 = 0.802853, C2 = 0.010328,
d1 = 1.432788, d2 = 0.189269, d3 = 0.00130. The drought grade standard of SPEI is: I ≤ −2.0
is severe drought, −2.0 < I ≤ −1.5 is heavy drought, −1.5 < I ≤ −1.0 is medium drought,
−1.0 < I ≤ −0.5 is light drought, I > −0.5 is no drought. Because the amount of data is too
large, the drought index is calculated in batches by R language. This paper calculates the
SPEI values of three different time scales, namely, monthly scale (SPEI-1), seasonal scale
(SPEI-3) and annual scale (SPEI-12). The division standard of four seasons: March to May
is spring, June to August is summer, September to November is autumn, December to
February is winter. For SPEI-3, April is spring, July is summer, October is autumn, and
January is winter.

The times n of different time scales I ≤ −0.5 in the study area from 1955 to 2020 were
counted, and its proportion in the total number of years N (N = 66) was calculated, which
was the frequency of drought in the study area:

D =
n
N
× 100% (4)

2.2.2. Vulnerability of Hazard-Bearing Body

The vulnerability of agricultural disaster-bearing bodies is an important indicator
of the resistance of crops to the effects of disasters. Agriculture’s vulnerability and the
recurrence period of drought are two perspectives that together reflect the magnitude
of agricultural disaster-bearing bodies’ vulnerability. Exposure indicates the extent to
which a crop may be affected by a drought during a disaster. In the study, the sown
area of regional crops was obtained from the 2020 statistical yearbooks of 18 regions
in study area and the exposure of agricultural disaster-bearing bodies was calculated.
The Chinese meteorological dictionary was checked to find the area of crops affected by
drought in history, and the fuzzy risk theory was used to calculate the recurrence period
of drought disasters in each region. The weights of the above indicators were calculated
using hierarchical analysis, and the weight values were all 0.5.

2.2.3. Sensitivity of Disaster-Pregnant Environment

The sensitivity of the disaster environment refers to the sensitivity of the exter-
nal environment of agricultural drought-disaster-bearing bodies to disaster risk. The
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sensitivity analysis of the disaster-pregnant environment was carried out from four as-
pects: Topographic Position Index, river network density, vegetation coverage, and soil
type. Among them, the elevation data of the terrain and the NDVI data of vegeta-
tion are from the NASA official website (https://search.earthdata.nasa.gov/, accessed
on 30 November 2022), rivers and lakes data are from HydroSHEDS hydrological data
(https://www.hydrosheds.org/, accessed on 30 November 2022), soil data is from the FAO
soil data website (https://www.fao.org/soils-portal/en/, accessed on 30 November 2022).

As a basic element in the natural environment, topography plays an important role
in human life and social development. The digital elevation model (DEM) of the study
area extracts two basic topographic factors, namely slope and slope direction, for analysis
and research and combines the ArcGIS modeling function to process the elevation and
slope factors to obtain the topographic position index to analyze the overall characteristics
of the topography of the study area [20,21]. The topographic position index can realize
the collection of slope and elevation information to reflect the topographic conditions of a
certain area in an integrated way, which is calculated as follows [22].

T = lg
[

E
E
+ 1
]
×
[

S
S
+ 1
]

(5)

where: T is the topographic position index; E is the elevation value of any point in space;
and E is the average elevation value in the region; S is the slope value of any point in space;
S is the average slope value in the region. The higher the elevation and slope, the higher
the topographic index value, and the more vulnerable the environment is to disaster.

The distribution of water systems largely determines the disaster-pregnant conditions
for the occurrence of drought disasters in the study area. The closer the distance is to
rivers, lakes, and reservoirs, the higher the grade of the rivers, and the larger the area of
lakes and reservoirs, the greater their influence on the drought-gestation environment. In
this paper, we primarily extract rivers with grades one through five, as well as large scale
lakes and reservoirs, as river network water system factors, and we set the width of the
three levels of river and lake buffer zones to 1 km, 3 km, and 5 km, respectively. ArcGIS
software was used to calculate the buffer zones of each level of the river network water
system of rivers and lakes, and the distribution map of the river network water system
impact index was obtained after normalization and raster overlay calculation. The greater
the water system’s buffer zone index, the denser the rivers in its area, and the less sensitive
the drought disaster disaster-pregnant environment.

Vegetation cover is the percentage of the vertical projection of vegetation on the ground
to the total area of the region. Vegetation has a strong shading capacity and can play a role
in mitigating persistent drought disasters, to a certain extent [23]. The relationship between
vegetation cover and drought disaster risk is proportional; the risk of disaster is low where
vegetation density is high, and conversely, where vegetation density is low, the possibility
of disaster is increased [24]. The vegetation cover can be calculated based on an elementary
dichotomous model equation.

VFC =
NDVI − NDVImin

NDVImax − NDVImin
(6)

In the formula, VFC is vegetation coverage, NDVI is normalized vegetation index, and
the NDVI values with cumulative probabilities of 5 and 90 percent are taken as NDVImin
and NDVImax, respectively.

Soil type is also an important aspect in determining the environmental sensitivity of
the potential disaster. Based on soil type, organic matter content, soil water retention, and
local experts’ experiences, different soil types in northeast China were ranked for drought
resistance and assigned vulnerability levels, respectively.

https://search.earthdata.nasa.gov/
https://www.hydrosheds.org/
https://www.fao.org/soils-portal/en/
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2.2.4. Stability of Disaster Mitigation Capacity

Drought resilience characterizes the ability of a region to reduce the damage caused
by drought based on human measures taken before and during drought-causing disasters.
Regional drought resilience mainly includes the following three aspects: first, the manage-
ment countermeasures that can be quickly recovered before, during, or after a disaster, i.e.,
emergency management capacity. The second is the reserve of materials needed in case
of disasters, i.e., resources supporting capacity; the third is the use of modern science and
technology to manage agriculture, i.e., the level of agricultural modernization. The weights
of the three indicators in the calculation of disaster prevention and mitigation characteriza-
tion values are determined by the entropy weight method. The specific indicators are listed
in Table 2.

Table 2. Regional agricultural drought mitigation capacity indicator system.

First-Level Indicators Secondary Indicators Secondary Indicator Explanation Data Source

Emergency management
capacity

Number of expert managers Number of technical experts
and managers

Survey Data *Disaster reduction funding input Proportion of investment in disaster
reduction to GDP

Number of emergency plans Number of Regional Emergency
Management Plans

Resources supporting
capacity

Energy conservation expenses ratio

Expenditure on energy conservation,
forest protection, pollution reduction

to forests, renewable energy, and
natural ecological protection

Statistical Yearbooks *
Agriculture affairs expenses ratio Expenditure on livestock, farm

machinery, etc.
Regional GDP Regional GDP in 2020

Rural population ratio Proportion of rural population in
regional population

Agricultural
modernization level

Total power of
agricultural machinery

The total power of each power
machine used in agriculture, forestry,

and animal husbandry

Statistical Yearbooks *

Large and medium machinery
farm tools Number of agricultural machines

Effective irrigation area
The sum of the area of paddy and

watered land capable of
normal irrigation

Fertilizer load per unit area Proportion of Chemical Fertilizer
Application in Cultivated Land

* Questionnaire source (https://www.doc88.com/p-64087194059392.html/, accessed on 20 May 2022); Statistical
yearbook source (http://tjj.jl.gov.cn/tjsj/tjnj/, accessed on 24 November 2022).

2.3. Research Method

The article builds an integrated risk assessment model of agricultural drought disaster
using research findings from integrated disaster risk assessment, evaluates agricultural
drought risk in the primary grain-producing regions of Jilin Province, determines the
spatial distribution of agricultural drought risk, and offers regional integrated agricultural
risk prevention suggestions from various angles (Figure 2). Process details: (1) Determine
the drought risk scenario. The drought index was created by calculating the average
temperature and precipitation for each month over 66 years in order to determine the
regional and temporal distribution of drought risk. (2) Define vulnerable regions. A
thorough computation was done to determine the highly sensitive locations in the research
area based on four environmental indicators: topography, river network density, plant
cover, and soil type. These four environmental indicators all have an impact on crop
development. (3) Calculate agriculture vulnerability. The exposure of crops and the
duration of drought recurrence were assessed using the area of crops sown in the area and

https://www.doc88.com/p-64087194059392.html/
http://tjj.jl.gov.cn/tjsj/tjnj/
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the historical disaster damage index of crops, and the vulnerability of crops was thoroughly
computed. (4) Measure the capability for catastrophe mitigation and prevention. To
evaluate the regional integrated disaster reduction capacity and determine the current state
of agricultural disaster reduction in each region, the three disaster reduction indicators of
emergency management capacity, resource security capacity, and degree of agricultural
modernization are used. (5) Based on the results of the risk assessment for drought disasters,
construct an integrated risk prevention model for agricultural disasters in the key grain-
producing districts of Jilin Province and offer suggestions for the sustainable development
of local agriculture.
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2.3.1. Fuzzy Risk Assessment Model

Based on the fuzzy mathematical method, the traditional observation sample point set
is valorized to solve the problem of insufficient sample data and achieve the purpose of
improving the accuracy of information processing [25–27]. With the help of the disaster
index reflecting the degree of agricultural disaster, the single sample observation value is
converted into fuzzy by the information diffusion coefficient, and the quantitative analysis
of a regional agricultural drought disaster is carried out to calculate the probability value
and risk value of each evaluation unit under different disaster indices for multiple disaster
species [9]. The specific operation steps are as follows:

Assume that y1, y2, · · · , ym are the actual values (observations) of risk factor indicators
(hazard indicators) in year m, and the set of observation samples are:

yj = {y1, y2, · · · , ym} (7)

where: yj—sample observation points; m—total number of sample observations.
Let the universe of yj (ui), ui(i = 1, 2 . . . n) be the control point of the universe of

disaster index:
ui = {u1, u2, · · · , un} (8)

where: ui—any discrete real value obtained by discretizing at a fixed interval in the interval
[0, 1]; n—the total number of discrete points.
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The information carried by each single observation sample value yj is diffused to
each member of the indicator domain ui based on the following equation, the information
diffusion equation for yj.

f j(ui) =
1

h
√

2π
e[−

(yj−ui)
2

2h2 ] (9)

where h—the diffusion coefficient, which is determined according to the number of samples,
is given by the following equation.

h =



0.8146(b− a), m = 5
0.5690(b− a), m = 6
0.4560(b− a), m = 7
0.3860(b− a), m = 8
0.3362(b− a), m = 9
0.2986(b− a), m = 10
2.6851(b−a)

(m−1) , m ≥ 11

(10)

b—the maximum value in the sample set; a—the minimum value in the sample set;
m—the number of samples.

If marked:

Cj =
n

∑
i=1

f j(ui), j = 1, 2, . . . , m (11)

Then any observation sample yj becomes a fuzzy set with µyj(ui) as the affiliation
function, and the affiliation function of the corresponding fuzzy subset is:

µyj(ui) =
f j(ui)

cj
(12)

cj is the sum of f j(ui); µyj(ui) is the normalized information distribution of sample yj.
Then, let:

Q(ui) =
m

∑
j=1

µyj(ui) (13)

From the set of observation samples {y1, y2, · · · , ym}, sample observation can only
take one of {u1, u2, · · · , un}, the number of samples with observation ui is q(ui) when all yj
are considered as sample representatives. q(ui) is usually not a positive integer, but must
be a number not less than 0.

Q =
n

∑
i=1

q(ui) (14)

Q is the sum of the number of samples at each ui point, theoretically it should be
Q = m, but with the error of numerical calculation, Q is slightly different from m.

P(ui) =
q(ui)

Q
(15)

P(ui) is the probability value of the sample falling at ui, which can be used as a prob-
ability estimate. For a single-valued observation sample indicator yj = {y1, y2, · · · , ym},
take yj as an element ui in the theoretical domain u. The probability value of exceeding ui
should be:

P(u ≥ ui) =
n

∑
k=i

P(ui) (16)
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P(ui) is the value of the frequency of the sample falling at ui which is the value of
the probability of exceeding ui ; P(u ≥ ui) is called the risk value or loss value of the
hazard factor.

2.3.2. Sen + M-K Trend Analysis

Theil–Sen Median (Sen) Trend Analysis is a robust nonparametric statistical trend
calculation method by calculating the median in the series, which can well reduce noise
interference [28]. The Mann–Kendall test (M-K) is very effective for change tests of changing
elements from one relatively stable state to another and is widely used in hydrology, climate,
chemistry, mineral composition, and other aspects. It is widely used and has many benefits
for analyzing trends in long time series [29,30]. In this research, we utilize the Sen trend to
assess the multi-scale drought changes in the study region, and use the Mann–Kendall test
to examine the trend and significance test of the temporal features of SPEI in the primary
grain producing area of Jilin Province. The specific calculation formula is as follows:

The Sen trend is calculated as:

Sen = Median
( xj − xi

j− i

)
, ∀i > j (17)

where: xi and xj are time series data, Median is the median of the series, Sen > 0 means the
time series is in an upward trend; Sen < 0 means the time series is in a downward trend.

The Mann–Kendall statistical test for drought index mutation characteristics was used
for analysis to construct the order column Sk:

Sk =
k

∑
i=2

j−1

∑
j=1

Rij (k = 2, 3, 4 . . . , n) (18)

Rij =

{
1, xi > xj
0, xi ≤ xj

(19)

Statistical variables:

UFk =
Sk − E(Sk)√

Var(Sk)
(k = 1, 2, 3 . . . , n) (20)

where: UF1 = 0, E(Sk) and Var(Sk) are the mean and variance of Sk. x1, x2... xn are
independent and have the same continuous distribution, the formulas of E(Sk) and
Var(Sk) are:

E(Sk) =
k(k + 1)

4
(k = 2, 3, . . . , n) (21)

Var(Sk) =
k(k− 1)(2k + 5)

72
(k = 2, 3, . . . , n) (22)

The M-K test calculates the positive series statistic UFk and the inverse series statistic
UBk by computing the rank of each sample, UBk = −UFk. If UFk and UBk curves intersect,
the moment corresponding to the intersection is the mutation point.

3. Results and Discussion
3.1. Drought Hazard Assessment
3.1.1. Interannual Variation Characteristics of SPEI Index

The Mann–Kendall (M-K) mutation test was used to the yearly scale SPEI in the
research region in order to examine the change and mutation of the index. From 1955 to
2020, the research area’s SPEI-12 index varied around the 0-value line, and the overall trend
was declining at a rate of −0.089 (10a)−1 (Figure 3), showing that the study area’s drought
trend has progressively been worsening over the previous 66 years. The years 1960–1965
and 1980–1990 were the wet stages, and there was little to no drought, generally. The years
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1975–1981 and 2000–2010 were the aridification stages (except 2005). Due to decreased
precipitation, rising temperatures, and increasing evapotranspiration currently, there was a
significant water loss, particularly in 1981 and 2001. From 2010 to 2020, it was back in the
wetting stage. However, there was a severe drought that was congruent with the actual
occurrence of the drought in 2014. According to the Jilin Province’s 2014 drought work
report, the province saw consistently high temperatures and minimal rain from 1 July to
17 August, with an average rainfall of 132.0 mm, 46% less than the same time in a typical
year. At its worst, the drought in the province devastated 958,000 hectares of dry land,
mostly in eight regions in the province’s center and west: Changling, Shuangliao, Qianguo,
Qianan, Tongyu, Nongan, Lishu, and Gongzhuling [31]. SPEI is therefore well suited for
use in the research area’s drought monitoring. The UF line alternatively showed increasing
and declining trends. The UF and UB curves have four mutation sites, mostly concentrated
in 1958–1963 and 2017. The drought scenario was noteworthy since the UF lines for the
neighboring years of 1982 and 2010 crossed the 0.05 crucial line. The management of
continuous agricultural drought resistance should be strengthened.
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3.1.2. Spatial Variation Characteristics of Drought at Different Time Scales

Seasonal variations in the SPEI-3 spatial patterns in the research region showed a
substantial difference on a seasonal scale. Drought has the greatest impact on agriculture
during the growing season. The cropping system in the study area is mainly “one crop
per year”. The whole cycle from sowing to harvesting takes place mainly from March to
September. Therefore, in order to make the analysis more effective, the SPEI-3 (seasonal
scale) is analyzed mainly in the spring and summer. The SPEI-3 index’s spring trends were
declining and growing, accounting for 88.8% and 11.2% of the total. The spring drought in
Qianan and Tongyu exhibited a growing tendency, and farmers in these two regions need
to be mindful of its effects while planting during the early stages of crop growth. However,
the declining trend was not significant in nine locations, including the eastern portion of
the research, and it is important to highlight that an intermittent spring drought can occur.
The summer decreasing tendency in the study area is also a regional trend. In the southern
portion of the research region, in places like Shuangliao, Lishu, and Gongzhuling, summer
drought is significantly on the decline (p < 0.05). The formation of an episodic persistent
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drought in the summer should be observed, and the drought reduction trend in the western
section of the research region, including Zhenlai and Daan, decreases significantly when
seasonal precipitation declines (Figure 4a,b).
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The likelihood of drought-related disasters was calculated by examining the spatial
variation pattern of regional drought frequency and intensity. Based on Equation (4), the
frequency of various drought types at the regional monthly scale was calculated (Table 3).
The 1960s, the early 21st century, and 2010 were the main time periods in which the regional
special drought occurred, with Tongyu and Qianan having the highest concentration of
occurrences. The frequency of the regional special drought was 1.12%. Additionally,
the analytical hierarchy technique was used to calculate the weights of various drought
intensities (AHP). The regional drought risk rating was derived by adding the risk rating
to the weightings based on the frequency of drought. The weightings for special drought,
severe drought, medium drought, and light drought were 0.4, 0.3, 0.2, and 0.1, respectively.
After raster reclassification of the local disaster-causing hazard levels, the results were
obtained (Figure 5). The findings indicate that Qianan and Yitong, where droughts occur
frequently and intensely, are the primary locations with a high risk of drought.

Table 3. Drought frequency at monthly scale (SPEI-1) in the study area.

Drought Type SPEI Value Frequency Drought Hazard
Grade

No drought SPEI > −0.5 66.08% 1
Light drought −1.0 < SPEI ≤ −0.5 19.63% 2

Medium drought −1.5 < SPEI ≤ −1.0 10.33% 3
Heavy drought −2.0 < SPEI ≤ −1.5 2.85% 4
Severe drought SPEI ≤ −2.0 1.12% 5

3.2. Vulnerability Assessment of Agricultural Disaster-Bearing Bodies

The vulnerability of the crop transporter is an essential measure for characterizing
crop resilience to disaster impact. The article reflects the vulnerability of the crop carrier
from two perspectives: the exposure of the carrier and the recurrence period of disasters.
The vulnerability of the disaster-bearing body in each major grain-producing region is
reflected by the sown area of crops in the region and the historical disaster exposure.

Based on the agricultural fuzzy risk analysis model to estimate the drought disas-
ter risk values of 18 major grain-producing areas in Jilin Province, the discrete domain
was constructed according to the maximum and minimum values of the disaster-causing
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range and intensity and their possible values, and the disaster risk probabilities under
different disaster indices in each major grain producing area could be obtained based on
Equations (7)–(16). The probability density responds to the probability of occurrence of
major hydrometeorological disasters under different disaster indices in the main grain-
producing areas of Jilin Province, so as to infer the magnitude of the probability of occur-
rence of different disaster levels (Figure 6); the results show that the disaster indices of
drought disasters in all districts and counties except Shulan, Tongyu, Dehui, Nongan, and
Gongzhuling almost cross 80% of the disaster index axis and all have the possibility of
occurrence of large-scale disasters.
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The excess probability density can laterally reflect the level of agricultural vulnerability
in the study area under different disaster indices of major meteorological hazards (Figure 7);
the results show that the risk values of drought hazards all decrease with the increase of
the disaster index, and the hazard values of the main food production areas of Lishu, Fuyu,
and Qianguo are at a higher level under the same disaster index.
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The risk recurrence period grading criterion (T = 1/P) was used to calculate the risk
levels of meteorological hazards under various disaster indices. To aid in the analysis and
evaluation of the spatial distribution characteristics of agricultural drought disaster risk in
the study area’s main grain producing areas, a disaster reoccurrence period with a disaster
index of 30% was chosen for each main grain producing area, and the vulnerability of
the disaster-bearing body was assessed and classified into five levels using the natural
interruption point method (Figure 8a). The findings revealed that the historical recurrence
periods of drought in the research area’s Yushu, Lishu, Dehui, Taonan, and Qianguo regions
were small in comparison to other regions, and the frequency of catastrophes was high.

Using the sown area data of crops in each town, the exposure of agricultural disaster-
bearing bodies in the entire study area was determined using the Kriging interpolation
analysis method of ArcGIS software. The outcomes revealed that Yushu, Dehui, Gongzhul-
ing, and Lishu had the highest exposure to agricultural disaster-bearing bodies in the
study area, which had spatial distribution features of high in the east and low in the west
(Figure 8b).

The vulnerability of regional crop disaster-bearing bodies was obtained by overlaying
the raster images with equal weights for the exposure of disaster-bearing bodies and the
recurrence period of drought disasters (Figure 9). The results show that the vulnerability
of crop disaster-bearing bodies in Yushu, Dehui, and Lishu is large, i.e., the exposure of
disaster-bearing bodies is large and the recurrence period of disaster occurrence is small.
When disasters occurred, the damage caused by drought damage was more serious than in
other places.
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3.3. Sensitivity Assessment of Agricultural Disaster-Pregnant Environment

The environmental sensitivity of the potential disaster refers to the sensitivity of the
external environment of the area threatened by the disaster to the disaster or damage. In the
case of a disaster of equal intensity, the higher the sensitivity, the more severe the damage
caused by the drought, and the greater the risk of disaster. In order to quantify and ana-
lyze the indicators of a disaster-predisposing environment, several disaster-predisposing
environment indicators are superimposed on a refined grid using four evaluation factors:
topographic position index, river density, vegetation cover, and soil type.

The topographic position index is a topographic feature value describing the height
and slope, and the topographic position index is large in areas with high elevation and
slope, and the larger the topographic position index value is, the more likely it is to breed
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drought disasters. The high and medium-high risk of topographic position index in the
study area accounts for about 20%, which is sporadically distributed in the study area,
among which the western edge of the study area, the east side of Qianguo, and the southeast
side of Lishu present a concentrated distribution (Figure 10a).
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Vegetation cover is usually defined as the ratio of forest area to total land area, which
has an important regulating role for land surface and the hydrological cycle, promoting
rainfall redistribution, influencing soil moisture movement, changing the conditions of
water production and sink flow, and playing a role in flood reduction and mitigation, con-
trolling soil erosion, and improving water quality in the watershed. Therefore, vegetation
cover has high vegetation density and high soil water storage capacity. The results showed
that the vegetation cover in the study area showed a distribution pattern of high in the east
and low in the west, which was mainly distributed near Dahei Mountain and Yishu Graben,
and the vegetation cover in Tongyu, Daan, and Qianan was low, with strong environmental
sensitivity to drought pregnancy and relatively weak drought resistance (Figure 10b).

Most of the research region lies in the zone of transition between black land and semi-
arid steppe chestnut-calcium soil. From east to west, the zone’s zonal soils are black calcium
soil, light black calcium soil, and chestnut calcium soil, according to the distribution of soil
types. Marsh soil, saline soil, meadow soil, and wind-sand soil are the non-zonal soils of
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alkali lake flat land and sandy land. While the distribution region of light black calcium soil
contains both basic and general farmland, the distribution area of black calcium soil is now
mostly a basic farming protection area [32,33]. Varied soil types include different amounts
of organic matter, which affects how well the soil retains water. The vulnerability levels of
each soil type are displayed in Table 4, and different levels are allocated to soil types based
on soil type and organic matter level, respectively. The findings indicate that the majority
of the research area’s regions are classified as high or greater risk, with only Tongyu and
Shulan having higher soil susceptibility due to their locations in salty and highly vegetated
areas (Figure 10c).

Table 4. Drought resistance of soil type in study area.

Drought Resistance Soil Type Grade Value

Strong Black soil, black calcium soil, meadow soil 5
Stronger Alluvial soils, whitish soil, paddy soil 4
Medium Dark brown soil, sandy soil, chestnut soil 3
Weaker Brown soil 2
Weak Alkaline soil, limestone soil, swamp soil, peat soil, salt soil 1

The disaster-pregnant environment for the development of drought disasters in the
research region are mostly determined by the dispersion of the river network’s water
system. The impact on the ecosystem during a drought season is greater the closer one
is to a river, the higher the river’s level, and the larger the lake’s area. To establish the
buffer zone range for rivers in the research region and gauge the extent to which the river
network affects flood dangers, ArcGIS software’s buffer zone analysis feature is employed.
The distribution of the buffer zone index of the water system was determined by raster
superposition after normalizing the buffer zones of each water system. The greater the
buffer zone index, the denser the local river network and the less vulnerable the disaster-
pregnant environment to drought hazards. The results show that the river network density
in Dehui, Yushu, and Shulan is denser than that in other areas, and the rivers are well
supplied with water so that water resources can be deployed in case of persistent drought
(Figure 10d).

Based on the assessment results of the four indicators of an agricultural disaster-
pregnant environment, the weights of the topographic position index, soil type, vegetation
cover, and river network density of the study area were determined based on the char-
acteristics of the study area using hierarchical analysis (AHP). The weights were 0.5, 0.3,
0.1, and 0.1, respectively, and the final integrated calculation was carried out to obtain
the integrated index of regional agricultural disaster-pregnant environments. The results
showed that 14.17% of the study area had medium-high or high sensitivity to the regional
disaster-pregnant environment, mainly distributed in most areas of Tongyu, the eastern
area of Qianguo, and near the Yishu Graben. All the indicators of the disaster-pregnant en-
vironment in the region were of medium or higher level, and the regional disaster-pregnant
environment was more sensitive (Figure 11).

3.4. Stability Assessment of Disaster Reduction Capacity

The evaluation of regional agricultural drought mitigation capacity is an important
part of agricultural drought disaster risk assessment, which is an estimation of regional
capacity to defend against agricultural drought and mitigate agricultural drought losses.
The evaluation is carried out in three aspects: emergency management capacity, resource
security capacity, and agricultural modernization, which can provide a basis for the formu-
lation of regional disaster mitigation planning and sustainable development of agricultural
production. After standardizing the data indicators in Table 1, the agricultural drought
mitigation model was obtained, and the weights of each indicator were calculated using the
classical entropy weight method. The three weights of emergency management capacity,
resource security capacity, and agricultural modernization level were 0.29, 0.24, and 0.47,
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respectively. Using the agricultural drought mitigation model, the agricultural drought mit-
igation capacity index was calculated for the main grain-producing areas in Jilin province.
In order to reflect the current situation and differences of disaster reduction capacity more
objectively among regions [34], the mean-standard deviation ranking method was used
to classify the agricultural drought disaster reduction capacity index in the main grain-
producing areas of Jilin Province (Table 5), and the index was plotted into a graph using
GIS software.
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Table 5. Mean-standard deviation method of classification.

Scope Grade Grade Value

[µ + 1.5 σ, 1] Strong 5
[µ + 0.5 σ, µ + 1.5 σ] Stronger 4
[µ − 0.5 σ, µ + 0.5 σ] Medium 3
[µ − 1.5 σ, µ − 0.5 σ] Weaker 2

[0, µ − 1.5 σ] Weak 1
µ represents the mean, σ represents the standard deviation.

The results of emergency management capacity show that the emergency management
capacity of Qianan and Yishu are at strong and stronger levels because of the high percent-
age of experts and emergency management teams and disaster reduction funds invested
in these two regions (Figure 12a); the results of resource security capacity show that the
resource security capacity of Nongan and Gongzhuling are at stronger levels because of
the high capacity of agriculture, forestry, water affairs, and total agricultural machinery
(Figure 12b); the results of agricultural modernization level show that the modernization
levels of Yushu and Yitong are at higher levels because of the neighboring provinces and
their policies (Figure 12c).
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The emergency management capacity, resource security capacity, and agricultural
modernization degree of the study area were overlaid and calculated according to the
weights. The evaluation results were reclassified to finally obtain the regional agricultural
drought integrated disaster reduction capacity grade (Figure 12d). The results show that
the integrated disaster reduction capacity of Yushu and Nongan is at a high level, and
all indicators for the two regions are at a medium level or above. The integrated disaster
reduction capacity of the western part of the study area is generally weak and needs to be
improved in terms of disaster preparedness, response, and relief.

3.5. Integrated Risk Assessment of Agricultural Drought

Based on the above calculation results, the regional integrated drought risk is calcu-
lated according to Formula 1, including disaster-causing hazards, vulnerability of hazard-
bearing bodies, sensitivity of disaster-pregnant environments, and stability of disaster
mitigation capacity. The risk level results are reclassified according to the method of nat-
ural discontinuity points to obtain the integrated risk assessment results of the regional
agricultural drought (Figure 13). The integrated risk level of drought in the main grain-
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producing areas of Jilin Province presents regional agglomeration, and the integrated risk
level has a certain relationship with the regional geological structure unit. The high-risk
level is concentrated in the central area of Song Liao Basin and near the geological struc-
ture of Yishu Graben, and the low risk level is concentrated in the marginal area of Song
Liao Basin.
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In particular, the four evaluation indices in Taonan, Taobei, and Zhenlai in the western
half of the research area are all at the medium-low or below level, and the total drought risk
in these three locations is primarily of low grade. The integrated risk of agricultural drought
is medium-high or high-grade in Tongyu and Daan, in the eastern section of the western
fault line tectonics and southwest uplift area, with considerable environmental sensitivity
and limited integrated disaster mitigation ability in this area. The central arrondissement
primarily consists of Qianan, Qianguo, and Changling. The overall agricultural drought
integrated risk is medium and medium-low risk, with the Daan uplift tectonic unit being
primarily medium-high and medium-risk areas, the Changling depression tectonic unit
being primarily medium risk, and the Shuangtuozi uplift tectonic unit being primarily
medium risk [35,36]. However, there are high-risk areas close to Changchun Bulge and
Yishu Graben due to the sensitivity of agricultural disaster-inducing environments and the
vulnerability of disaster-bearing bodies in this region [37], which is the focus of agricultural
drought risk prevention. The integrated risk level of agricultural drought in the Southeast
Uplift region is primarily low, and the integrated disaster mitigation capacity in this
region is strong. In conclusion, Tongyu, Daan, and northeastern Jiutai have high levels of
integrated agricultural risk, and drought has a significant impact on regional agricultural
production, which is the focus of regional integrated agricultural risk prevention and
should be prioritized in the ensuing drought risk warning, supply deployment, etc.

4. Suggestions on Sustainable Development of Regional Agriculture from the
Perspective of Drought

Based on the results of integrated agricultural drought risk assessment, high-risk
zones with grid-level refinement are identified. A regional integrated risk prevention
model for agricultural drought is created after analyzing the shortcomings of high-risk
areas (Figure 14). Four areas are addressed in the suggestions for sustainable agricultural
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development: monitoring and early warning, institutional framework, management model,
and modernization.
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4.1. Improving Disaster Risk Perception and Strengthening Drought Monitoring Systems

The cornerstones of drought mitigation are monitoring and early warning. Based on
observed indicators, drought occurrence likelihood, timing, intensity, and other features
are evaluated, and monitoring and early warning information on the onset and progression
of drought is disseminated to the government and the general public through a variety of
channels. One of the first nations to begin work on an integrated drought monitoring and
early warning system was the United States. The United States created a national drought
classification and monitoring system at the end of the 20th century. This system integrates
numerous techniques, including geological surveys, artificial observations, remote sensors,
and aerospace remote sensing [38,39]. It also regularly summarizes and analyzes meteoro-
logical data as well as monitoring data from various localities and other related agencies.
Information on drought monitoring and warning will be made available as soon as possible.
Considering this, it is imperative to complete the building of drought sub-centers, drought
monitoring stations, soil moisture monitoring sites, as well as the installation of the drought
monitoring system in the western dry zone of the research area. A full network system
for monitoring, reporting, and summarizing drought information in the western drought
zone should be established in order to understand the dynamics of drought occurrence and
changes in the region in a timely way and to assess and anticipate the development trend.
To better comprehend the development of vegetation and crops in the area and to provide
timely and accurate information and decisions for the local government to take charge,
make decisions, and organize drought relief, evaporation monitoring stations can be built,
concentrating on drought-prone areas and areas with sparse station network density.

4.2. Formulating Drought Resistance System and Strengthening Whole Process Risk Management

The execution of command and decision-making by various management depart-
ments is based on the ideal drought resistance system. The National Drought Policy Act,
which was passed by the United States in 1998, and the drought accident and emergency
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response plan, which was released by Australia in 2002, were just two examples of the
developed nations that successively promulgated drought-resistant technical standards
and regulations at the turn of the century. However, China’s mechanism for addressing
drought was launched later. The National Flood Control and Drought Relief Emergency
Plan, which was promulgated in 2005, marked the formal start of the system’s develop-
ment in China. China’s existing flood control and drought technical standards are almost
entirely formulated by government organizations, mainly involving the Ministry of Water
Resources, the Ministry of Construction, and other departments. In the standards, there are
relevant provisions of duplication and mutual reference phenomena [40,41]. At present,
there are fewer laws and regulations in the study area, a lack of systematic basic research
and extensive publicity and training, and the overall drought mitigation management
system is not yet sound, and an effective drought protection mechanism has not yet been
formed. Firstly, strengthening the reserve of drought equipment is the most practical and
effective way to improve emergency drought resistance; secondly, we should improve
the frequent and dangerous water conservancy projects to improve their water storage
capacity, carry out the construction of farmland water conservancy infrastructure, and build
more various drought emergency facilities according to local conditions; finally, we should
vigorously develop the facilities of machine irrigation and electric irrigation to improve
the ability to resist drought in agriculture. At the same time, the government should give
farmers certain financial support and issue relevant drought facilities to farmers to improve
the emergency drought prevention capacity.

4.3. Optimizing Integrated Management Model and Establishing Drought Risk
Responsibility Mechanism

To achieve an optimized integrated management model requires promotion of re-
gionally coordinated drought disaster risk reduction plans and setting up a network for
exchanging information about drought disasters. According to the historical frequency of
drought in each location, the National Integrated Drought Information System (NIDIS),
developed in the U.S. in 2003, separates the drought level into five levels, ranging from
low to high. The NIDIS publishes weekly data on the drought situation for the previous
week, the severity of the present drought in each region, and the anticipated trends for the
drought over the following week. Its customers include federal government agencies, stock
and futures dealers, legislative representatives, and agricultural producers and business
owners. The entire disaster management process, from pre-disaster planning to disaster
response, post-disaster relief, and the cycle of recovery and reconstruction, integrates the
resources of the entire society for disaster management, and an administrative organization
for disaster risk management is formed from upper to lower levels to effectively coordinate
the strengths of all facets of society, efficiently allocate limited resources, and vigorously
pursue recovery and reconstruction [42]. To actualize an integrated system, insurance,
relief, and services with the purpose of preventing and resolving drought risks before
disasters and coping with drought risk consequences after disasters, a drought disaster
network information sharing platform needs to be established. For regional drought and
food security, improving the coherence of integrated drought disaster risk prevention
is essential.

4.4. Improving the Modernization Level of Drought Resistance and Strengthening Drought
Infrastructure Construction

Regional drought resistance is significantly influenced by the upgrading of drought-
resistant infrastructure and level. The United States started water conservation projects
earlier and compensated for the lack of surface water sources by creating reservoirs, transfer-
ring water between basins, and developing groundwater resources. such as the large-scale
water conservation initiatives in the Midwest and the California North–South Water Diver-
sion Project [43], in response to the lack of drought resistance in the study area. Firstly, we
should carry out engineering construction, and build key water conservancy projects such
as the introduction of Nen Jiang into Bai Cheng, the Hadashan Water Conservancy Project,
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Daan Irrigation District, and the water transfer of the central urban agglomeration, make
full use of the rich surface water resources such as Songhua River and Nen River, realize the
reallocation of water resources, increase the water supply of life and production, agriculture
and ecology in the western region, and improve the drought and water shortage in the
arid areas of the western region. Secondly, changing the cropping system and changing
the cultivation method reasonably is one of the effective ways to overcome the continuous
cropping obstacle. Because the natural precipitation in the western arid region cannot
meet the water demand of crop growth, we try to explore the feasibility of adjusting the
traditional cropping system in the western region from ‘one crop a year’ to ‘two crops
a year’. Finally, the construction of water-saving projects such as channel anti-seepage,
pipeline water conveyance, sprinkler irrigation, and drip irrigation should be done well. In
key water-scarce cities, necessary backup water sources should be constructed. To ensure
the introduction of water in drought years, alleviate the drought in the year, and maintain
the local ecology and environment, key areas such as nature reserves and wetlands should
undergo necessary engineering construction and certain backup water sources.

5. Conclusions

In order to evaluate the integrated agricultural drought risk in the primary grain-
producing regions of Jilin Province, this article builds an integrated agricultural drought
risk assessment model using drought hazards, vulnerability of disaster-bearing bodies,
sensitivity of disaster-pregnant environments, and disaster mitigation capacity. In order to
grow regional agriculture sustainably, guidelines for the geographical variation of drought
risk in agriculture were obtained. The conclusions showed the following:

(1) Over the previous 66 years, the study area has demonstrated a trend of slow transition
from wet to dry to wet, with occasional severe droughts, and an overall declining trend
at a rate of −0.089. (10a)−1. Except for Qianan, all other places showed significant
characteristics, and the areas with high risk of regional drought hazards were mainly
concentrated in Qianan and Yitong, with high frequencies and high intensities of
drought. Yushu, Dehui, and Lishu are agricultural disaster-prone areas because of
their high susceptibility, which is characterized by their high exposure and short
repetition time of disaster occurrence. Drought damage losses are more severe than
losses in other areas when calamities strike. The majority of Tongyu, the eastern
portion of Qianguo, and the area close to the Yishu Graben were among the regions
in the study area where 14.17% of the regional disaster-bearing environments were
medium-high or highly sensitive, and where all the indicators of disaster-pregnant
environments were at medium-level or above. All indicators in Yushu and Nongan
are at a medium-level or above, indicating that the two areas have a high degree of
capacity for integrated disaster mitigation. In terms of readiness, response, and relief
for disasters, the western portion of the research area’s overall disaster reduction
capability is typically inadequate and urgently requires development.

(2) The integrated risk of drought in the primary grain-producing areas of Jilin Province
exhibits regional clustering, and the overall risk level has some relationship spatially
with the regional geological tectonic units, with the high-risk level concentrated in
the central area of Song Liao Basin and close to the geological structure of Yishu
Graben and the low risk level concentrated in the marginal area of Song Liao Basin.
In Tongyu, Daan, and northeastern Jiutai, the integrated risk level of agricultural
drought is high. Because drought has a significant impact on regional agricultural
production, prevention of regional integrated agricultural risk should be a top priority,
as should the subsequent drought risk warning and drought supply deployment.

(3) High-risk regions with grid-level refinement are selected based on the findings of
the regional integrated agricultural drought risk assessment. In order to give more
precise instructions to the relevant departments for the scientific formulation of
drought mitigation policies and plans, a regional integrated agricultural drought risk
prevention model is established, and suggestions for the sustainable development of



Land 2023, 12, 160 24 of 25

regional agriculture are put forward in four aspects: monitoring and early warning,
institutional systems, management model, and modernization construction.
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