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Abstract: Peanut growth in Shandong Province, a major peanut-producing area in China, is greatly
affected by drought. The present study uses hierarchical analysis, weighted comprehensive eval-
uation, and ArcGIS spatial analysis to conduct spatial zoning of peanut drought risk in Shandong
Province based on daily precipitation data for the province acquired from 1991 to 2020, the per capita
GDP, and the peanut planting area of Shandong Province, so as to quantify the disaster risk of peanut
drought and formulate disaster prevention and resilience planning accordingly. The results show
the high-drought-risk zone was mainly distributed in the northwestern part of Shandong Province
and on the Jiaodong Peninsula, covering 32.4% of the province. Drought risk was concentrated on
the Jiaodong Peninsula, covering 20.7% of the province. The high-vulnerability zone was mainly
distributed in the cities of Yantai, Weihai, Linyi, and Rizhao, accounting for 26.8% of the total area.
The low-disaster-prevention and low-mitigation-capacity zone was mainly distributed in the western
part of Shandong Province, covering 38.7% of the province. Medium- and high-risk areas for drought
affecting peanuts were widely distributed, while the overall comprehensive risk index was high,
covering 76.2% of the province. Spatial analysis to conduct risk zoning and assessment of peanut
drought in Shandong Province, so as to provide a basis for peanut drought disaster prevention and
safe peanut production in Shandong Province.

Keywords: peanut drought; risk zoning; Shandong Province; natural disaster risk assessment principles

1. Introduction

According to the World Meteorological Organization, meteorological disasters cause
about 85% of the total losses caused by various types of natural disasters, and drought
in turn accounts for about 50% of meteorological disasters losses [1]. The peanut is an
important food, source of oil, and cash crop in China [2,3]. Drought can seriously affect the
plants during flowering and the quality of peanut kernels during the podding period [4-6],
leading to a decline in peanut quality and yield [7,8]. Therefore, drought is an important
factor limiting peanut growth and yield. Shandong Province ranks among the top peanut-
growing areas in China, with the peanut cultivation area accounting for about 15-16% of
the total domestic peanut growing area; total production in Shandong accounts for about
18-20% of the total domestic production [9,10]. The critical period of water demand for
peanut growth is concentrated from June to August, which coincides with the occurrence
of summer drought in Shandong Province; therefore, drought disasters are one of the major
types of disasters affecting the growth and yield of peanuts in Shandong Province [11].

Natural disaster risk refers to the possibility of loss from the impact of a certain disaster
in a certain area after considering the natural and social attributes together [12]. Therefore,
the purpose of natural disaster risk research is to provide a scientific basis for regional dis-
aster prevention and mitigation, and strengthening the research of comprehensive natural
disaster zoning has been listed as one of the actions of disaster prevention and mitigation
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in China’s Agenda 21 [13]. Significant work has been carried out in various countries for
drought risk zoning research. Araya, A. et al. [14] developed a suitable drought assess-
ment technique by analyzing long-term climate data from four sites in northern Ethiopia;
Moumita Palchaudhuri et al. [15] used a combination of AHP and GIS to conduct a drought
zoning study in Puruliya, West Bengal, India; Nazarifar Mohammadhadi et al. [16] as-
sessed and zoned drought risk in the Karkheh basin for different years and return peri-
ods; Zhongyi Sun et al. [17] proposed a methodology for integrated risk analysis, assess-
ment, combination, and regionalization of droughts and floods in Anhui Province; and
Luo D et al. [18] assessed the drought hazard by constructing a gray predictive incidence
model (GPIM). Additionally, for peanut drought, risk zoning has also attracted the atten-
tion of scholars, but up to now the relevant research literature has been relatively scarce.
Wei S. Cheng et al. [19] conducted a risk evaluation of peanut drought in the Yellow and
Huaihai Sea region and concluded that high-risk areas for peanut drought disaster were
scattered and mainly concentrated in the northwestern part of the Yellow River Basin.
Additionally, more scholars have studied the impacts of drought on peanut growth and
yield. For example, Celikkol Akcay U. et al. [20] concluded that the growth retardation of
peanuts under drought stress conditions was mainly due to drought-induced oxidative
damage and antioxidant responses; Jiang, C.J. et al. [21] proposed that drought inhibited
different varieties of peanut and the drought resistance of different peanut varieties varied;
and Zhang, K. et al. [22] selected 16 peanut varieties for drought resistance testing and
concluded that geological drought can start and end quickly, while meteorological drought
takes longer to develop and recover. These research results provide important reference
values for conducting peanut drought risk assessment and zoning studies.

This paper selected Shandong Province, China, as the study area, and conducted
a spatial zoning study on peanut drought risk in Shandong Province based on natural
disaster risk theory, considering four aspects, hazard, exposure of disaster-affected bodies,
vulnerability of disaster-affected bodies, and disaster prevention and mitigation capacity, by
establishing a peanut drought risk index model, combined with Arc-GIS spatial analysis, a
weighted comprehensive evaluation method, and hierarchical analysis method. Compared
with the existing studies, in addition to the study of peanut drought risk, the exposure of
disaster-affected bodies, vulnerability of disaster-affected bodies, and disaster prevention
and mitigation capacity were also evaluated and zoned, providing a reference for carrying
out peanut drought risk assessment and zoning studies. Research results provide a basis for
the prevention of peanut drought and the safe production of peanuts in Shandong Province
and provide a quantitative basis for the scientific formulation of disaster prevention and
mitigation policies and planning by relevant departments.

2. Materials and Methodology
2.1. Study Area

Shandong Province is located on the east coast of China and the lower reaches of the
Yellow River (114°48’ E-122°42" E and 34°23' N-38°17’ N), as shown in Figure 1. Total
land area is 157,900 km?. The climate type is warm temperate monsoon. Precipitation is
concentrated, and rain and heat occur in the same season. Spring and autumn are short,
while winter and summer are long. The annual average temperature range is 11 °C-14 °C,
and the annual average precipitation range is 550-950 mm. The rainfall season is unevenly
distributed, with 60-70% of annual precipitation in summer. Landform types include plains,
terraces, hills, and mountains. There is a dense river network in the region, including the
Yellow River, Huaihe River, Haihe River, and smaller rivers in the central and southern
mountainous area.
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Figure 1. Administrative division of Shandong Province, China.

2.2. Data Sets

This paper covers a total of 122 meteorological stations in Shandong Province from
1991 to 2019, and the precipitation data for each month were obtained based on the daily pre-
cipitation data of each station. The daily precipitation data were obtained from Shandong
Meteorological Center. According to the ground meteorological observation specification
of China Meteorological Administration, the daily precipitation data were reviewed by
the stations, their municipal meteorological bureaus, and the data review department of
the provincial meteorological bureau before being entered into the database of Shandong
Meteorological Center, and the anomalous values were eliminated to ensure the uniformity
and accuracy of the data. Total GDP, total population, peanut planting area, percentage of
peanut cultivation area, population density, per capita GDP, and water facilities are from
the 2018-2020 Statistical Yearbook of Shandong Province.

2.3. Methods

This paper constructs a theoretical model for peanut drought risk assessment based
on the basic theory of disaster risk assessment. The trend analysis method is used to
analyze the temporal characteristics of the disaster-causing factors; the hierarchical analysis
method is used to determine the weights of the factors constituting the risk impact; and the
comprehensive weighted evaluation method is used to constitute the risk index model.

2.3.1. Basic Theory of Disaster Risk Assessment

Based on the theory of natural hazard risk formation [12], meteorological hazard risk
is formed by the combination of four components: hazard (causative factor), exposure
(carrier), vulnerability (carrier), and prevention and mitigation capacity. Each factor is in
turn composed of a series of subfactors. The expressions are:

Disaster risk index = f (hazard, exposure, vulnerability, disaster prevention and mitigation capacity) 1)

Hazardous factors: Hazardous factors include meteorological factors and environmental
sensitivity. All meteorological factors that may lead to disasters can be called meteorological
factor hazards; the sensitivity of the pregnant environment refers to the degree of strengthening
or weakening of meteorological factors in the natural surface environment.

Exposure of disaster-bearing body: Disaster-bearing body is the object of disaster-
causing factors and is the entity that bears the disaster. Exposure of the hazard-bearing body
is the result of the interaction between the hazard-causing factor and the hazard-bearing
body, and the exposure of the hazard-bearing individual to the hazard-causing factor.

Vulnerability of the disaster-bearing body: A disaster can be formed only when it
acts on the corresponding object, i.e., human beings and their socioeconomic activities.
Specifically, it refers to the degree of hazard or loss caused by the potential risk factors
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for all objects that may be threatened by the disaster-causing factors that exist in a given
hazard area, and its combination reflects the degree of loss from meteorological disasters.

Prevention and mitigation capacity: It refers to various management measures and
countermeasures used to prevent and mitigate meteorological hazards, including manage-
ment capacity, mitigation input, and resource preparation. The more proper the manage-
ment measures and the stronger the management capacity, the less potential losses that
may be suffered and the less risk of meteorological disasters.

Based on the above theory, a hierarchical analysis model for peanut drought disaster
risk assessment in Shandong Province was built (Figure 2). Figure 2 shows the model
of peanut drought risk zoning. The risk was divided into meteorological factor risk and
pregnancy disaster environmental sensitivity. The risk of meteorological factor selected was
the precipitation anomaly percentage. The environmental sensitivity of pregnant disaster
referred to the environmental factors that can enhance or weaken the risk of peanut drought.
In this paper, factors such as elevation and slope were selected. Exposure was selected as the
peanut planting area; vulnerability referred to the percentage of the peanut cultivation area;
and the factors for disaster prevention and mitigation capabilities selected were the aspects
of per capita GDP, level of education, and so on. However, when selecting indicators, they
will be selected or replaced according to the factors in the Statistical Yearbook. Please refer
to Sections 3.1-3.4 for the selection basis of specific indicators.

Meteorological The precipitation
factor risk 0.7 anomaly percentage 1
—> Risk 0.5
Slope 02064
Trprare i Elevation 02064
e S River network density 0.3683
03 : TLand use type 0.1094
Soil texture 0.1094

—> Exposure 0.167 ——> FPeanutplantingarea 1
—>|

Percentage of peanut

—> Vulnerability 0.167 =~ cutivation area 1

adutAo1 ] Suopueyg ut 3y8norp jnuead jo Suruoz jenedg

Per capita GDP 04226
Disaster prevention and Per capita income of farmers 02973
L mitigation capabilities 0.167 = Levelof education 0.1443

‘Water conservation facilities 0.1622

Figure 2. Hierarchical model for peanut drought risk assessment.

2.3.2. Weighted Comprehensive Evaluation Method

The weighted comprehensive evaluation method is a method that solves the “bottom-
up” indexes in the risk hierarchy analysis and evaluation model, which takes into account
the degree of influence of each factor on the overall object and integrates the strengths and
weaknesses of each specific index and uses a numerical index to focus on the strengths
and weaknesses of the entire evaluation object. This method is especially suitable for
comprehensive analysis and evaluation of technologies, strategies, or programs and is one
of the most commonly used calculation methods. Its expression is:

m
Y; =) WyY;ji=1,234j=12,...,m @)
i=1

In the formula, Y; represents the disaster risk index, and i, respectively represents the
risk, susceptibility, vulnerability, and disaster prevention and mitigation capabilities; Y;
is the factor that affects the risk, susceptibility, vulnerability, and disaster prevention and
mitigation capabilities, and Wj; is the weight value of risk, susceptibility, vulnerability, and
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disaster prevention and mitigation capabilities (0 < Wj; < 1), while j represents the number
of factors affecting i.
For the comprehensive risk index of natural disasters, the expressions are:

n
Y=Y WY;i=1,234 3)
i=1

In the formula, Y represents the comprehensive disaster risk index; Y; is the risk index,
susceptibility index, vulnerability index, and disaster prevention and mitigation capability
index, and W; is the weight value. The stronger the disaster prevention and mitigation
capacity, the smaller the comprehensive risk index, so the “negative sign” is used.

Among them, Wj; and W; are determined by the analytic hierarchy process; see research
method Section 2.3.3 for details. Each factor in the formula needs to be standardized because
of different dimensions; see research method Section 2.3.4 for details.

2.3.3. Analytic Hierarchy Process

Analytic hierarchy process (AHP) is a simple method for making decisions on more
complex and vague problems, especially for those problems that are difficult to fully
quantitatively analyze [23]. This paper used the operation principle of the analytic hierarchy
process and used the 1-9 scale method given by Saaty to construct the judgment matrix for
the pairwise relationship of the influence factors. The pairwise comparison of all influence
factors determines the weight of each influence factor, which prevents the result error
caused by the subjectivity of the expert. The qualitative comparison scale values between
the two influencing factors are shown in Table 1 below.

Table 1. Scale of AHP analysis method.

Scale b;; Definition
1 The i factor is as important as the j factor.
3 The i factor is slightly more important than the j factor.
5 The i factor is more important than the j factor.
7 The i factor is much more important than the j factor.
9 The i factor is absolutely more important than the j factor.
2,4,6,8 Between the noted levels.

The maximum eigenvector value of the judgment matrix and its corresponding eigen-
vector need to be solved by the sum-product method, and the consistency of the matrix (the
following formula) should be solved; then, this should be solved by the sum-product method.

CI:/\max_” _ i; : 4)
n—1 n—1
I
CR = % <01 ®)

In the formula, CI is the consistency index of the judgment matrix; A4y is the largest
characteristic root of the matrix; » is the order of the discrimination matrix; CR is the random
consistency index of the judgment matrix; and RI is the average random consistency index
of the discrimination matrix. The values of RI are shown in Table 2.

Table 2. Numerical values of random consistency index RI.

M 1 2 3 4 5 6 7 8 9 10 11
RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51
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We summarize the calculation process in Table 3, as follows.
Table 3. Judgment matrix and weights of various perceptual factors.
I II 111 v v Weight (W) Matrix Product (AW) AW/W A snax CI CR
I 1 2 2 3 3 0.368 1.851 5.03 5.013 0.009 0.003
II 1/2 1 1 2 2 0.206 1.035 5.02
mo 12 1 1 2 2 0.206 1.035 5.02 ACI:_ZA(AW//W) &
v 13 1/2 172 1 1 0.109 0.548 5.03 = guj f)l 2” B
A% 1/3 1/2 1/2 1 1 0.109 0.548 5.03 T
2513 CR=CI/RI

Note: In the table: I. river network density, II. slope, III. elevation, IV. land use type, and V. soil texture.

This paper adopted the analytic hierarchy process (AHP), taking the sensitivity of the
pregnancy disaster environmental sensitivity as an example, and constructed the judgment
matrix of each index; the calculation results are shown in Table 3. Since CR < 0.1, the matrix
passed the consistency test.

Similarly, the weights of each factor of risk, exposure, vulnerability, disaster prevention
and mitigation capacity, and comprehensive risk were obtained as shown in Figure 2.

2.3.4. Standardization

Because the dimensions of the selected factors are different, the values of each factor
vary greatly. It is necessary to normalize each factor so that the values of each factor are
between 0 and 1. When evaluating the risk of disaster-causing factors, the exposure of
the disaster-affected body, the vulnerability of the disaster-affected body, and the disaster
prevention and mitigation capacity, the correlations between the selected factors and each
evaluation index are different; some are positively correlated, and some are negatively
correlated. Therefore, when normalizing the factors with a positive correlation, if the cause
subvalue is large, the normalized value is also large, so the maximum value should be
selected for standardization. On the contrary, if the factors with a negative correlation
are standardized, the minimum standardization is selected. For example, the larger the
peanut planting area, the greater the exposure, so the great value standardization is chosen
for the peanut planting area, and Equation (6) is selected; for example, the greater the
river network density, the smaller the sensitivity of the pregnant environment, so the very
small value standardization is performed for the river network density, and Equation (7)
is selected.

Maximum standardization:

X’ - |Xi]‘_Xmin (6)
e Xmax_Xmin
Minimum standardization:
|X —Xi-|
X/ L max ] 7
i Xmax*Xmin ( )

where X,-]- is the index number of the j-th factor of the x factor; X'y and X',,;;,, are the
dimensionality of X;;; and Xyuax and Xy, are the minimum and maximum values in the
index sequence.

2.3.5. Arc-GIS Spatial Analysis

In this paper, the meteorological elements and geographic environment elements were
interpolated using the Kriging method to obtain spatial distribution maps with a spatial
resolution of 100 m x 100 m. The socioeconomic factors were resampled by administrative
units to obtain spatial distribution maps with a spatial resolution of 100 m x 100 m.
Then, according to the weights of each element, the raster calculation method was used
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to superimpose each element spatially to obtain the spatial distribution map of risk index,
exposure index, vulnerability index, and disaster prevention and mitigation capability
index. Finally, each index of risk was spatially superimposed by weights to obtain the
spatial distribution map of comprehensive risk index. The natural grading discontinuity
method was used to grade each index, and the zoning map of each index of risk zoning
and the comprehensive risk zoning map were obtained.

2.3.6. Drought Classification

A precipitation anomaly percentage indicator can visually reflect the degree of drought
caused by precipitation anomalies; therefore, the precipitation anomaly percentage of
peanuts for the entire growing period was selected as the risk indicator of a peanut drought
meteorological factor. The precipitation anomaly percentage for a certain period was
calculated according to Equation (8):

P—-P
Pa = —— x 100% )

where Pa is the precipitation anomaly percentage (%); P is the precipitation for a certain
time period (mm); and P is the multiyear average precipitation for the corresponding time
period (mm), and the average value of 30 years was generally calculated.

In this paper, all grades of drought were calculated for each station according to (QX/T
82-2019) (Table 4) [24], and their frequencies were calculated and integrated in the formula
of the danger index of meteorological factors of drought, which was calculated as:

R =0.0960D; + 0.1611Dyy, 4 0.2771Ds + 0.4658D, )

where R is the meteorological risk index of peanut drought; D) is the average number of
days in 30 years of light drought (d); Dy, is the average number of days in 30 years of
moderate drought (d); Ds is the average number of days in 30 years of severe drought (d);
and De is the average number of days in 30 years of exceptional drought (d).

Table 4. The precipitation anomaly percentage drought classification table (based on meteorological
drought rating criteria).

The Precipitation Anomaly Percentage P, (%)

Level Types
Monthly Scale Quarterly Scale Annual Scale
1 Drought-free —40< P, —-25< P, -15< P,
2 Light drought —-60<P, <—-40 -50<P,<-25 —-30<P,<-15
3 Moderate drought —80< P, < —-60 —70< P, < -50 —40< P, <-30
4 Severe drought —-95< P, <-80 —-80< P, <-70 —45< P, < —40
5 Exceptional drought P, <-95 P, < -80 P, < —45

3. Results
3.1. Spatial Distribution of Peanut Drought Risk

Peanut drought risk includes meteorological factor risk and disaster formative envi-
ronmental sensitivity, which were assigned weights of 0.7 and 0.3, respectively, based on
the AHP method (Figure 2).

3.1.1. Meteorological Factor Risk Zoning

In this paper, the daily precipitation data of 122 stations in Shandong Province from
1991 to 2020 were used for meteorological data, and the precipitation anomaly percentage
was calculated according to Equation (8), and the frequency of different drought levels
in 122 stations in Shandong Province was calculated using the precipitation anomaly
percentage according to the drought grade (Table 4); the drought grade was determined
according to the meteorological drought standard of the people’s Republic of China (QX/T
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82-2019), and the spatial distribution map of the frequency of different drought levels in
peanut in Shandong Province during the whole reproductive period was obtained, and the
spatial distribution of the frequency of different levels of drought in peanut growing areas
in Shandong Province during the entire growing period was obtained (Figure 3). These
findings show that the frequency of light drought was higher mainly in the southwestern
part of Shandong Province, with a frequency of about 1.72%, with local high values in the
northwestern and some eastern areas; the frequency of light drought in the northwestern
area was the lowest, at 0. The frequency of moderate drought was higher in Dezhou, Zibo,
Dongying, and Weifang, with the highest value being 2.14%, and lower in other areas.
Severe drought was mainly concentrated in the Jiaodong Peninsula, with a frequency of
about 2.59%, and it was also higher in some areas in western Shandong and lower in other
areas; exceptional drought was widely distributed in the province, with a higher frequency
in both northern and eastern areas at about 2.55% in the northern and eastern parts of the
province, while the frequency was the lowest in the southwest.
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Figure 3. Spatial distribution of the frequency of different drought levels for peanuts in Shandong
Province during the whole reproductive period: (a) frequency of light drought; (b) frequency of

5°N

3

moderate drought; (c) frequency of severe drought; and (d) frequency of exceptional drought.

The frequencies of light, moderate, severe, and exceptional drought were assigned
weights of 0.0960, 0.1611, 0.2771, and 0.4658, respectively, to construct the meteorological
factor risk index and obtain the spatial distribution of peanut drought meteorological
factor risk in Shandong Province, as shown in Figure 4. The spatial distribution of the
peanut drought meteorological factor risk in Shandong Province varied significantly. Specif-
ically, the high-value areas were mainly distributed in Liaocheng, Dezhou, Binzhou, Zibo,
Weifang, Qingdao, Yantai, and Weihai; the low-value areas were mainly distributed in
Jinan, Zaozhuang, Linyi, and Rizhao.

3.1.2. Zoning of Disaster Environment Sensitivity

Slope, elevation, river network density, land use type, and soil texture were selected
as zoning indicators for the disaster-formative environmental-sensitivity analysis. Gen-
erally, the higher the elevation, the greater the chance of a drought occurring and the
greater the sensitivity of an area to drought. Areas with greater slopes experience faster
runoff and less infiltration so less moisture is stored in the slope body, making an area
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more prone to drought. Areas with a less dense river network had lower atmospheric
humidity, making them more prone and sensitive to drought. Urbanization has resulted in
arable land, grassland, and woodland being replaced by buildings and hardened ground
that blocks rainwater from infiltrating into the soil, resulting in a worsening of drought
conditions. Therefore, areas different land use types were given unique scores (Table 5).
Areas with more clayey and heavier soil texture were less permeable to water, resulting in
weaker vertical infiltration, and they were more likely to retain ground water, which is not
conducive to the occurrence of drought disasters. Different soil textures were thus scored
as in Table 6. In the calculation of the environmental sensitivity index, all factors except the
river network density were normalized by the maximum value.

38°N

37°N

36:’N

:l Province and city
boundary
District/County
Boundary
Main river

35°N

Meteorological factor risk

P High :2.1

RS \ 0 Low 112

— - T — T T T T T
115°E 116°E 117°E 118°E 119°E 120°E 121°E 122°E

Figure 4. Spatial distribution of peanut drought meteorological factor risk in Shandong Province.

Table 5. Land use type scores.

Land Use Type Arable land Woodland Grassland Waters Construction Land Unused Land
Score 4 2 3 1 5 6

Table 6. Soil texture composite score.

Soil Texture Overall Score Soil Texture Overall Score
Clay 1 Clay loam 2
Chalky loam 5 Loam 4
Sandy clay loam 3 Sandy loam 6
Loamy sand 6 Sand 7

The spatial distribution of elevation, slope, river network density, land use type, and
soil texture in Shandong Province are shown in Figure 5. It can be seen that the elevation
of Shandong Province ranges from —169 to 1527 m, with an average elevation of about
90 m. The slope ranges from 0 to 49.1°, and the slope is below 1.5° in most areas, and the
spatial distribution of elevation and slope is roughly the same. Areas with higher elevation
and slope are concentrated in mountainous areas, such as Tai’an, Zibo, Jinan, and parts
of Linyi in central Shandong, while the peninsula areas such as Yantai are also relatively
high. The density of the river network in the northwest of Shandong Province is obviously
higher than in the rest of the province; In particular, along the Yellow River where the river
network density is high, high-value areas are mainly distributed in Dezhou, Binzhou, Jinan,
and other parts of the region. The land use types in Shandong Province are mainly arable
land and construction land, and arable land is distributed in a large area in all cities; forest
land and grassland are more concentrated in the south and east of Shandong Province;
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the distribution of water is not concentrated; construction land is mainly distributed in
the center of each city; and the area occupied by unused land is very small. Loam and
sandy clay loam are widely distributed in Shandong Province, and clay soil is scattered in
the province.
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Figure 5. Spatial distribution of elevation (a), slope (b), river network density (c), land use type (d),
and soil texture (e) in Shandong Province.

The five factors of the zoning results for elevation, slope, river network density, land
use type, and soil texture were spatially superimposed according to the weights of 0.2064,
0.2064, 0.3683, 0.1094, and 0.1094. This resulted in the zoning results for the environmental
sensitivity risk of peanut drought pregnancy in Shandong Province, as shown in Figure 6.
Figure 6 shows the spatial distribution of this type of risk in Shandong Province had
relatively little variability, with the low-value areas concentrated along the Yellow River
and the rest sporadically distributed in Dezhou, Binzhou, Zaozhuang, and Jining. The
high-risk areas were distributed in the province, but mainly in Jinan and the cities of
Weifang, Qingdao, Yantai, Weihai, Heze, and Linyi.

3.1.3. Drought Risk Zoning for Peanuts in Shandong Province

According to the calculation from (2) and using the natural discontinuity point method
to classify the areas with risks into low, medium, and high levels of risk, we obtained a
spatial distribution map of peanut drought risk in Shandong Province (Figure 7).
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Figure 6. Spatial distribution of environmental sensitivity of peanut drought pregnancy in Shan-
dong Province.
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Figure 7. Spatial distribution of peanut drought risk in Shandong Province.

As Figure 7 shows, peanut drought risk in Shandong Province has an obvious spa-
tial distribution trend, showing the spatial distribution characteristics from high in the
northwest to low in the southeast. Low-, medium-, and high-risk areas accounted for
22.6%, 50%, and 27.4% of the province’s area, with areas of 35,685.4 km?2, 79,013.8 km?2, and
43,227.8 km?, respectively. The entire area of Weihai City was a high-risk area while the
cities of Qingdao, Yantai, and Liaocheng all had relatively larger areas identified as high-
risk areas; meanwhile, the cities of Dezhou, Binzhou, Zibo, and Weifang had sporadically
distributed areas with a high risk for drought that affects peanuts. The cities of Weifang
and Dongying had a relatively large area with a moderate risk. The cities of Jining, Heze,
Tai’an, Jinan, Zaozhuang, Linyi, and Rizhao were mainly exposed to low and moderate
risks. In particular, Zaozhuang was basically in a low-risk area.

3.2. Spatial Distribution of Exposure of Peanut-Drought-Affected Bodies

In this paper, the disaster-affected body is the peanut, so the peanut planting areas
were selected as the exposure index. The larger the peanut planting area, the higher the
chance of being affected by the drought, so when calculating the exposure index, the factor
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was standardized by the maximum value, and the natural discontinuity point method was
used to classify the exposure of the disaster-affected body into low, medium, and high
exposure, and the spatial distribution of the exposure of the peanut-drought-affected body
in Shandong province was obtained (Figure 8).
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Figure 8. Spatial distribution of exposure of peanut-drought-bearing bodies in Shandong Province.

Figure 8 shows that the medium- and high-exposure areas for peanut drought in
Shandong account for 76.8% of the total area of the province, with a high degree of exposure
overall. Among these areas, the high-exposure areas covered 32,669.1 km?, or 20.7%, of
the province; these were mainly distributed in Yantai and Linyi. The medium-exposure
areas were mainly distributed in Heze, Jining, Zaozhuang, Tai’an, Jinan, Weifang, Rizhao,
Weihai, and Qingdao with an area covering 88,538.9 km?, or 56.1%, of the province. The
low-exposure area covered only 36,692 km?, mainly including the cities of Liaocheng,
Dezhou, Binzhou, Zibo, and Dongying, or 25% of the province.

3.3. Spatial Distribution of Vulnerability of Peanut-Drought-Bearing Bodies

Since this paper took administrative districts as the unit for zoning, if the planting areas
of peanuts in two administrative districts were the same, but two administrative districts
were different, the percentages of peanut cultivation area were different, as obviously their
vulnerabilities were not the same. Therefore, the percentage of peanut cultivation area was
chosen as a vulnerability indicator in this paper. The larger the percentage of the peanut
cultivation area, the stronger the vulnerability. This factor was normalized to the maximum
value in the calculation of the vulnerability index. The natural discontinuity point method
was used to classify the vulnerability of disaster-affected bodies into low, medium, and
high vulnerability, and the spatial distribution of vulnerability of peanut-drought-affected
bodies in Shandong province was obtained (Figure 9).

Figure 9 shows the vulnerability of drought-affected areas where peanuts are grown
in Shandong Province has obvious spatial regional differences. The low-, medium-, and
high-vulnerability areas accounted for 58.3%, 14.9%, and 26.8% of the province’s area, with
areas of 92,059.1 km?2, 23,566.5 km?, and 42,274.4 km?, respectively. Among these, the
cities of Linyi, Rizhao, Yantai, and Weihai were areas with a generally high vulnerability
to drought. Medium-vulnerability areas were mainly distributed in the cities of Tai’an,
Zaozhuang, and Qingdao. Low-vulnerability areas were widely distributed in the cities of
Heze, Jining, Liaocheng, Dezhou, Jinan, Zibo, Binzhou, Dongying, and Weifang.



Sustainability 2022, 14, 3322

15 of 21

4 \
Z | )
oo /
o
/T
Y

P oy
Z
&
[ T

Qingdao

36°N

Legend
Province and city
:l boundary
District/County
Boundary
——  Main river
Vulnerability
- Low-vulnerability
:l Medium-vulnerability
I High-vulnerability

35°N

ll5’°’E 1 Iéc’E 1 |+°E V IIEIi“E ll")DE 12(')°E lZiDE lZéc’E
Figure 9. Spatial distribution of vulnerability of peanut-drought-bearing bodies in Shandong Province.

3.4. Spatial Distribution of Disaster Prevention and Mitigation Capability

The capacity to prevent and mitigate disasters refers to various management measures
and countermeasures designed to prevent and mitigate meteorological disasters. The
higher the economic level of a location, the stronger the capacity of humans to prevent
and mitigate disasters. The higher the per capita GDP and income of farmers as and the
higher their education level, the better ability they will have to develop policies designed to
prevent and respond to disasters when peanut drought occurs. Improved construction of
water conservation facilities is a direct manifestation of a stronger capacity to prevent and
mitigate drought disasters; to reflect this reality, the per capita GDP and income of farmers,
their level of education, and the existence of water conservation facilities were selected as
indicators of the capacity of an area to prevent and mitigate disasters. Additionally, all
factors are normalized to the maximum value in the calculation of the disaster prevention
and mitigation capacity index. These selected indicators were given weights of 0.4226,
0.2708, 0.1443, and 0.1622, respectively, by using the AHP method. The calculations were
carried out according to (2), and the natural discontinuity point method was used to classify
the disaster prevention and mitigation capacity into low, medium, and high levels to obtain
the spatial distribution of the capacity to prevent and mitigate drought disasters related to
growing peanuts in Shandong Province (Figure 10).

Figure 10 shows the spatial distribution of the capacity to prevent and mitigate drought
disasters related to peanuts in Shandong Province is highly variable. The area with a high
level of this type of capacity covered 64,581.1 km? and was mainly distributed in Jinan,
Dongying, Weifang, Qingdao, Yantai, and Weihai, or 40.9% of the province’s area. The area
with a medium level of this type of capacity was mainly distributed in Jining, Binzhou,
Zibo, and Rizhao and covered 32,211.6 km? or 20.4% of the province’s area. The area with a
low level of this type of capacity covered 61,107.3 km? or 38.7% of the province’s area; this
area was mainly in the cities of Liaocheng, Dezhou, Tai’an, Heze, Zaozhuang, and Linyi.
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Figure 10. Spatial distribution of peanut drought prevention and mitigation capacity in Shan-
dong Province.

3.5. Spatial Distribution of Comprehensive Peanut Drought Risk

The four factors of the zoning results, risk, exposure of disaster-bearing bodies, vulner-
ability of disaster-bearing bodies, and disaster prevention and mitigation capability, were
spatially superimposed according to the weights of 0.5, 0.167, 0.167, and 0.167. This allowed
us to obtain the zoning results of the comprehensive risk of peanut drought in Shandong
Province, as shown in Figure 11. Note that the comprehensive risk of peanut drought differs
substantially in different areas. The medium- and high-risk regions were located mainly in
the west and central areas, with low-risk regions in the east. The overall spatial distribution
shows a strong degree of fragmentation. Table 7 shows the areas of the high-, medium-,
and low-risk regions in each city. In Yantai, Linyi, Liaocheng, and Weihai, high-risk regions
had the largest area. In Binzhou, Dongying, and Jinan, there were no high-risk regions. In
Tai’an, Weifang, and Heze, the medium-risk regions had the largest area. The number of
areas with medium risk in Weihai was zero. In Jinan, and Dongying, low-risk regions had
the largest area. In summary, there were no low-risk regions in Qingdao or Yantai, only
medium- and high-risk areas. High-, medium-, and low-risk regions for peanut drought
amounted to 36,833.4 km?, 83,441.1 km?, and 37,625.5 km?, accounting for 40.6%, 37.0%,
and 22.4% of the total land area, respectively.

Table 7. Low-, medium-, and high-risk areas in Shandong Province by city.

Low-Risk Area Medium-Risk Area High-Risk Area
Area (km?) Ratio (%) Area (km?) Ratio (%) Area (km?) Ratio (%)
Binzhou 5098.2 53.1 4498.6 46.9 0 0
Dezhou 3104.1 29.3 6953.8 65.6 541.1 5.1
Dongying 7082.6 98.1 135.8 1.9 0.0 0.0
Heze 1178.3 9.7 10,921.3 90.1 18.3 0.2
Jinan 10,330.0 98.9 110.3 1.1 0.0 0.0
Jining 53429 47.6 5862.8 52.2 16.3 0.1
Liaocheng 18.3 0.2 3003.9 34.3 5737.3 65.5
Linyi 13.1 0.1 10,004.1 58.2 7173.1 41.7
Qingdao 1.0 0.0 11,068.9 98.9 121.7 1.1
Rizhao 9.1 0.2 1940.8 36.3 3392.6 63.5
Taian 147.6 1.9 7484.3 95.4 214.4 2.7
Weihai 0.0 0.0 0.0 0.0 5714.6 100.0
Weifang 887.0 5.5 15,168.6 94.4 12.2 0.1
Yantai 0.0 0.0 15.3 0.1 13,961.3 99.9
Zaozhuang 3345.6 73.8 1175.7 26.0 9.1 0.2
Zibo 1076.9 17.7 5005.8 82.3 3.0 0.0
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Figure 11. Spatial distribution of peanut drought comprehensive risk index zoning result in Shan-
dong Province.

4. Discussion

Droughts are divided into meteorological drought, climatic drought, atmospheric
drought, agricultural drought, hydrological drought, and socioeconomic drought [25],
which correspond to different monitoring methods and indicators for different drought
types. These include precipitation (P) and precipitation anomaly percentages (Pa), a stan-
dardized precipitation index (SPI), relative wetness index, integrated drought index, soil
moisture drought index, Palmer drought index, soil moisture remote sensing model, vege-
tation water supply index, and so on [26]. Among them, atmospheric drought, agricultural
drought, hydrological drought, and socioeconomic drought involve several meteorological
factors, soil property factors, and socioeconomic factors, which are easier to obtain at
smaller spatial scales but more difficult to obtain at larger spatial scales. Therefore, this
study focused on whether precipitation during the critical growing period of peanuts met
its growth demand and therefore selected meteorological drought index and considered
only precipitation. In the future, with more and more basic data at high spatial resolution,
agricultural drought will be further considered, and parameters such as field moisture
capacity and soil weight will be added to more accurately target the water deficit in peanuts
caused by soil water deficiency during the peanut reproductive period.

In this paper, the meteorological factor risk was based on the observational results
of meteorological observation sites; the frequency of drought occurrence in the entire
growth cycle of peanuts at each site was calculated. A spatial distribution map of drought
risk was obtained using Kriging interpolation in Arc-GIS. However, spatial interpolation
methods other than Kriging exist, such as inverse distance weight interpolation, the spline
function method, and trend surface analysis. This paper further compared the results of
the centralized interpolation methods, as shown in Figure 12, which shows the spatial
distribution of the frequency of drought occurrence obtained using different interpolation
methods. The comparison shows that the spatial distribution of drought occurrence fre-
quencies obtained by different interpolation methods varied in that the results of Kriging
interpolation, inverse distance weight interpolation, the spline function method, and trend
surface analysis all differed greatly. These four interpolation methods show that the areas
with a high frequency of drought affecting peanuts during the entire growing period were
located in the northwestern and eastern areas of Shandong Province. The results of existing
studies show that the areas with drought frequency from 20% to 25% in the Yellow River
and Huaihai regions include certain planting areas in the western, northwestern, northern,
and central Yellow River basin, as well as in the northern and northeastern planting areas
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in the Huaihe River basin. The planting areas in the northwestern Huaihe River basin have
a lower drought frequency of less than 15% and are not prone to drought [19]; after image
comparison, the results obtained with Kriging interpolation method were more consistent
with the results of related studies.
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Figure 12. Spatial distribution of peanut drought meteorological factors risk in Shandong Province:
(a) Kriging interpolation method; (b) inverse distance weight interpolation method; (c) spline function
method; and (d) trend surface analysis method.

In the process of risk zoning, the main indicators that were selected were exposure,
zoning of the vulnerability, and the capacity of an area to prevent and mitigate disasters,
along with social and economic indicators; however, the influence of the statistical yearbook
data based on the indicators tended to not be uniform across counties, with some indicators
available in some counties and not in others. In order to achieve uniformity, there were
cases in which adjustments or replacements were mad according to specific situations,
which would more or less affect the zoning results. Nevertheless, the influence of the
statistical yearbook information caused some indicators to be limited to the city level, so
there were no indicators at the county level in some places, which would affect the spatial
resolution of the zoning. In addition, the influence of statistical yearbook data caused the
indicators selected to not be available, such as indicators based on the physical significance
of exposure, and the vulnerability and capacity of an area to prevent and mitigate disaster
because the data were not available in the statistical yearbooks, so similar indicators had
to be substituted for these. For example, the education level of peanut farmers should be
expressed by the percentage of farmers with a diploma at each level, but some statistical
yearbooks lacked relevant information, and the number of school students had to be used
to express the local level of education. This type of treatment also affected the final risk
zoning results.

In this paper, when constructing the risk index, exposure index, vulnerability index,
disaster prevention and mitigation index, and comprehensive risk index, weights needed
to be assigned to different influencing factors. Since the above indices were used as
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dependent variables in this study and no specific data were available, methods such
as multiple regression, principal components, and neural networks could not be used.
The main advantage of the hierarchical analysis method is that it is a more appropriate
method to determine the weights of the respective variables when the specific value of
the dependent variable is not known and only the independent variable is available. It
constructs a discriminant matrix by the relative importance of two factors and solves the
weight of each factor on the premise that the matrix passes the heterogeneous consistency
test. The hierarchical analysis method organically combines qualitative and quantitative
methods of evaluation, neither one-sidedly pursuing high mathematical logic, nor simply
focusing on subjective behavior and conscious judgment, so it is widely used when the
dependent variables lack quantitative data and the weights of their influence factors need
to be determined.

This paper assessed and zoned the risk of peanut-related drought in Shandong
Province in terms of risk, exposure, vulnerability, prevention, mitigation capacity, and
integrated risk assessment. Because little in the way of related research results exist, the
analysis of this paper is comprehensive, and the zoning indices used proved to be good.
The present study provides a research example for related studies, has certain reference
value, and can promote future studies. The Jiaodong Peninsula is one of the major peanut-
production areas in Shandong Province, so the actual peanut yields per unit in Yantai and
Weihai of Shandong Province were used to verify the comprehensive peanut drought risk
result obtained in this paper, as shown in Figure 13. The comprehensive peanut drought
zoning results of the selected areas show that the high-risk areas were mainly distributed
in Weihai and the northeastern areas of Yantai, and the spatial distribution of peanut yields
per unit showed that peanut yields per unit in Weihai and the northeastern areas of Yantai
were low. This shows that peanut yields per unit were lower in areas with higher integrated
risks, indicating that the results obtained in this paper have a certain degree of accuracy
and credibility.

Comprehensive analysis of peanut drought risk zoning results showed that the spatial
distribution of peanut drought hazard, exposure, vulnerability, and disaster prevention and
mitigation capacity in Shandong Province varied widely. Yantai in Shandong Province is a
high-risk zone and also the area with the largest peanut cultivation area, the highest expo-
sure zone, and highest vulnerability zone, and the comprehensive risk of Yantai determined
it as a high-value zone. While Liaocheng in western Shandong Province is a high-value
area for comprehensive risk of peanut drought, which is mainly caused by high risk and
low disaster prevention and mitigation capacity; Weihai in eastern Shandong Province is a
high-risk area with high vulnerability, which eventually forms a high-comprehensive-risk
area. Therefore, for different regions, targeted measures can be proposed. For example,
Liaocheng should focus on improving disaster prevention and mitigation capacity, while
Yantai and Weihai should focus on improving the drought resistance of peanut varieties.
The risk assessment and zoning of peanut drought in Shandong Province can not only
improve people’s understanding of peanut drought, but also provide a reference for rele-
vant departments to develop and carry out peanut drought prevention and relief policies
and decisions.
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Figure 13. Spatial distribution of peanut yields per unit in Yantai and Weihai (a); spatial distribution
of comprehensive peanut drought risk in Yantai and Weihai (b).

5. Conclusions

The proportion of areas at medium and high risk for peanut drought in Shandong
Province was 80.6%, with the cities of Weihai, Yantai, and Qingdao having a significantly
higher risk than other cities. The proportion of medium- and high-exposure areas was
76.8%, which is high overall and distributed in patches in the cities of Yantai and Linyi. The
medium- and high-vulnerability areas accounted for 41.7% of the province’s area. Except
for the cites of Weihai, Yantai, Linyi, and Rizhao, other cities had low vulnerability. Areas
with a strong, medium, and relatively strong capacity to prevent and mitigate drought
accounted for 61.3% of the province’s area. The cities of Qingdao, Yantai, and Dongying
had the highest capacity to prevent and mitigate drought disasters among the cities of the
entire region. In addition, 76.2% of the area had medium and high integrated drought risk
for peanuts in Shandong Province; the overall integrated risk was high.

Peanut drought risk, exposure, vulnerability, disaster prevention and mitigation ca-
pacity, and integrated risk in Shandong Province all showed spatial variability, with an
inconsistent distribution of these factors across cities. The cities of Liaocheng had a sig-
nificantly higher risk, poorer disaster prevention and mitigation capacity, and an overall
higher integrated risk. The cities of Yantai had a higher risk, exposure, and overall higher
integrated risk while Yantai and Weihai had a higher risk, vulnerability, and integrated risk.
Dongying City had lower exposure, vulnerability, and integrated risk.
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