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Abstract

One of the significant consequences of reduced resilience in human settlements, driven by climate
change and drought, is the rise in food insecurity. The counties within Zanjan Province face varying
degrees of drought severity. This study aims to evaluate the resilience of rural settlements to food
insecurity under drought conditions. The research is applied in nature and adopts a descriptive-
analytical approach. The statistical population comprises 122 inhabited villages, with a sample size of
30 villages from Mahneshan County. Data collection was carried out through library research and field
observations, while data analysis was performed using spatial analysis tools within the GeoDa
software. An assessment of the Standardized Precipitation Index (SPI) revealed that the study area
experienced seven mild wet years, seven mild droughts, and three moderate droughts. To investigate
and measure food insecurity levels, raw data from the Household Income and Expenditure Survey of
rural households, conducted by the Statistical Center of Iran from 2006 to 2022, were used to calculate
the food insecurity index. The findings indicated that the average food insecurity index was 44.7%.
The lowest and highest levels were observed in the villages of Yousefabad (23.4%) and Ebrahimabad
(79.3%), respectively. Furthermore, the results showed that, among economic resilience indicators,
dependency ratio, employment rate, and economic participation had the most significant influence on
resilience. Among social resilience indicators, gender ratio, population growth (1995-2045), and male
literacy rate were key factors. In terms of environmental-physical indicators, the percentage of
retrofitted housing, the proportion of unauthorized wells, and the percentage of authorized agricultural
wells had the greatest impact on enhancing village resilience to drought and reducing vulnerability to
food insecurity. Itis crucial for planners to prioritize these indicators to enhance resilience and mitigate
food insecurity in rural areas. These regions, due to their heavy reliance on natural resources and
agriculture, are particularly vulnerable to the adverse effects of climate change and drought. Increased
food insecurity can lead to migration, diminished economic and social welfare, greater pressure on
limited resources, and, ultimately, a threat to the sustainability of rural settlements.
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Extended Abstract

Introduction

Hunger is defined as a feeling of discomfort or physical pain resulting from inadequate dietary energy intake
and becomes chronic when a person does not regularly consume enough calories for a healthy and active life.
FAOQ defines food insecurity as the lack of access to sufficient safe and nutritious food for an active and healthy
life, due to lack of resources or food availability (8). Quantitatively, food insecurity is defined as consuming
less than 80% of the average calorie requirement recommended by the World Health Organization (25).
Resilience has been described as the process of effective adaptation to adversity and threats (16). This concept
helps to understand society as a changing system with an unpredictable environment and provides responses
to anticipate, identify and cope with threats (5). Several studies have examined the impact of drought and
climate change on food security. Drought reduces food security by reducing agricultural production and
increases food imports (20). Climate change has had a significant negative impact on food security (21).
Several factors, such as family size, income diversification, livestock ownership, use of improved seeds, and
access to credit and assistance, affect the resilience of rural households (4). Due to its location in the arid
climate belt, Iran faces a lack of rainfall, limited water resources, and frequent droughts (23). Agricultural
activities in the country are highly dependent on weather conditions, and climate change is reducing the yield
of rainfed crops, rangeland capacity, and livestock production (24). This situation, along with the consequences
of past droughts, indicates a lack of adequate preparedness to deal with this natural hazard (26). In Zanjan
province, drought is a gradual threat, the impact of which has become more noticeable, especially in
agriculture, and has even caused the evacuation of some rural settlements (13, 22). Given the dependence of
rural livelihoods on agriculture, the occurrence of drought is likely to reduce household resilience to food
insecurity. The aim of this study is to assess the level of resilience and identify key indicators affecting the
resilience of rural settlements in Mahneshan township to food insecurity under drought conditions.

Material and Methods

After introducing the study area, considering the size of the area and the diversity of natural conditions, 30
villages were selected as a random sample (Table 1). The present study is applied in terms of its descriptive-
analytical nature and the statistical population of the study is 30 villages in Mahneshan township, Zanjan
Province (Fig 1). The data collection method was library-based and the spatial analysis tools of GeoDa
software were used to analyze the data. The measured variables include food insecurity (FGT Index), resilience
indices (Table 2) and drought status (Table 3). In this study, raw data from the Rural Household Expenditure
and Income Survey of the Statistical Center of Iran from 2006 to 2022 were used to investigate and measure
the amount of food insecurity. In the continuation of the current research and in order to investigate the
correlation between drought and food insecurity, after interpolation of the SPI index, the numerical point values
of each village were extracted using Arc GIS software and their correlation with the food insecurity index was
calculated in Excel software.

Results

The drought situation was examined from 2006 to 2022, and during this period, 7 mild wet, 7 mild droughts
and 3 moderate droughts occurred (Fig 2). The average food insecurity index was 44.7%, the lowest was in
Yousefabad village with 23.4%, and the highest was in Ebrahimabad village with 79.3% (Table 4). The
correlation between drought and food insecurity showed that in some years the correlation was direct and weak
and in some years it was negative and weak (Table 5). The economic dimension indices showed that the
relationship between all indices except for the dependency ratio (P-value=0.735) was positive and significant.
The highest effect is in the indicators of dependency ratio (R?=0.314), employment rate (R?=0.288) and the
lowest effect is in the indicators of per capita large livestock and production coefficient (R?=0.001), Gibbs-
Martin and Location Quotient (R?>=0.003) (Table 6). Examination of the indicators of the social dimension
showed that the relationship of all indicators except the female literacy rate (P-value=-0.082) is positive and
significant. The highest effect is in the indicators of sex ratio (R?=0.208) and population growth 1966-2016
(R?=0.065) and the lowest effect is in the indicators of natural population growth rate (R?=0.001) and
household size (R?=0.002) (Table 7). Examination of the indicators of the environmental-physical dimension
showed that the relationship of all indicators is positive and significant. The highest effect is in the indicators
of percentage of reinforced housing (R?=0.063) and percentage of unauthorized wells (R?=0.057), and the
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lowest effect is in the indicators of faults and earthquakes, housing with structural framework (R?=0.000),
households per housing unit density and percentage of newly built housing (R?=0.001) (Table 8).

Conclusion and discussion

Food insecurity has increased with the increase in dependency ratio, unemployment percentage, average
orchards, and structural change and has decreased with the increase in economic participation, employment rate
and average rainfed land (Fig 3). Changes in land use in favor of industrial development have reduced agricultural
land, reduced food production, and increased food insecurity. Although structural change is usually associated
with economic growth, its uneven management can increase food insecurity. More employment brings financial
security, better access to food, and reduced food insecurity, while increased dryland area increases production
and crop diversity, helping to reduce food insecurity. Food insecurity has decreased with the increase in the youth
population percentage, sex ratio, and overall literacy rate and with the increase in the sub-indices of population
growth, the food insecurity index has increased (Fig 4). An increase in the youth population can help reduce food
insecurity by boosting production, improving productivity, adopting new technologies, and increasing awareness.
The impact of the sex ratio index on food insecurity depends on economic, social, and cultural conditions. Also,
increasing the literacy of the community helps reduce food insecurity by empowering individuals in various
fields. However, increasing population growth may lead to increased food insecurity by increasing demand for
food, pressure on natural resources, and competition for resources. With an increase in the percentage of
percentage of reinforced housing, food insecurity decreases and with an increase in the percentage of
unauthorized wells and the persons per room density, the food insecurity index increases (Fig 5). Increasing the
number of reinforced housing and improving the economic conditions of households can help reduce food
insecurity. On the other hand, an increase in unauthorized wells has negative effects on water resources,
agriculture, the environment, and food insecurity. Proper management of groundwater resources and prevention
of unauthorized well drilling helps reduce food insecurity. The difference between the current study and previous
studies is that many of the indicators evaluated in the current study, such as agricultural commercialization,
Gibbs-Martin, location quotient, spatial continuity, mechanization coefficient, production coefficient, population
aging, slope, persons per room density, faults and earthquakes and development, have not been considered.

Keywords: Climate changes; Environmental hazards; Rural development; Zanjan Province

Table 1. The number of villages that were taken as samples

Rural District Number of villages Number of samples
Anguran 45 11
Qaleh Juq 21 5
Uryad 24 6
Qezel Gachiloo 8 2
Mahneshan 24 6
sum 122 30
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Table 2. The indicators currently being studied (17, 29, 30)

Dimension Index

Dependency Ratio, Economic Participation, Employment Rate, Unemployment Percentage, Diversity of
Economic Activities, Per Capita Small Livestock, Per Capita Large Livestock, Average Irrigated Land,

Economic Average Rainfed Land, Average Orchards, Production Coefficient, Agricultural Commercialization,
Gibbs-Martin, Location Quotient, Spatial Continuity, Structural Change, Mechanization Coefficient.
Natural Population Growth Rate, Population growth 1966-2016, Population growth 1986-2016, Annual
Social Population Growth Rate, Household Size, Youth Population Percentage, Gross Enrollment Ratio for
Primary Education, Gross Enrollment Ratio for Secondary Education, Net Migration Rate, Population
Aging, Sex Ratio, Male Literacy Rate, Female Literacy Rate, Overall Literacy Rate.
) Slope, Percentage of Authorized Agricultural Wells, Percentage of Unauthorized Wells, Percentage of
Environmental- Reinforced Housing, Housing with Structural Framework, Percentage of Authorized Wells, Percentage of
physical Newly Built Housing, Title Deed, Persons per Room Density, Households per Housing Unit Density,
Faults and Earthquakes, Development.
Table 3. SPI classification and their corresponding values (28)
Class No Drought Class SPI Value Range
1 Extreme Wet >2
2 Severe Wet 1.5t01.99
3 Moderate Wet 149101
4 Mild Wet 0.99t0 0
5 Mild Drought -099t00
6 Moderate Drought -149t0-1
7 Severe Drought -15t0-1.99
8 Extreme Drought <-2
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Fig 2. The SPI index for Mahneshan township for the 12-month period between 2006 and 2022

Table 4. The Food Insecurity Index's status

Pari

Qavaq Sofla
Qozijaq Olya
Eydalu
Yousefabad
Eyalu
Ebrahimabad
Miyanj
Kahriz Beyk
Yengijeh
Khainak
Anguran
Emam Kandi
Sheykhlar
Moghanlu
Borun Qeshlaq
Behestan
Qareh Nas

Aq Kand
Almalu
Sahand Sofla
Alam Kandi
Sahand Olya
Takhteh Yurd
Qazi Kandi
Khezr Chopan
Yengijeh Sinar
Kheyrabad

Village
Hassanabad Chaykand

Qaleh Jug Siyah Mansour

Food Insecurity
77.2
43.2
46.6
371
234
241
79.3
51.2
56.1
51.1
241
48.3
41.6
61.2
35.9
411
33.2

41
37
41.2
40.9
61
40.2
37.2
45.6
46.3
47.2
42.2
48.5
375
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Table 5. The correlation coefficient between drought and food insecurity
Year Correlation Year Correlation Year Correlation
2006 -0.32 2012 0.16 2018 -0.26
2007 -0.17 2013 -0.35 2019 0.25
2008 -0.22 2014 -0.29 2020 0.12
2009 -0.13 2015 -0.14 2021 -0.29
2010 0.04 2016 -0.20 2022 -0.03
2011 -0.14 2017 -0.07
Table 6. The relationship between food insecurity and the economic dimension
Index R? T-stat P-value
Dependency Ratio 0.314 0.342 -0.735
Economic Participation 0.268 7.371 0.000
Employment Rate 0.288 7.987 0.000
Unemployment Percentage 0.025 11.343 0.000
Diversity of Economic Activities 0.010 2.650 0.013
Per Capita Small Livestock 0.057 9.806 0.000
Per Capita Large Livestock 0.001 10.223 0.000
Average Irrigated Land 0.008 12.001 0.000
Average Rainfed Land 0.121 17.263 0.000
Average Orchards 0.115 12.845 0.000
Production Coefficient 0.001 2.859 0.008
Agricultural Commercialization 0.004 3.751 0.001
Gibbs-Martin 0.003 2.547 0.017
Location Quotient 0.003 2.558 0.016
Spatial Continuity 0.005 2.609 0.014
Structural Change 0.021 2.242 0.033
Mechanization Coefficient 0.005 2.531 0.017
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Fig 3. Spatial autocorrelation between food insecurity and economic resilience variables.
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Table 7. The relationship between food insecurity and the social dimension

Index R? T-stat P-value
Natural Population Growth Rate 0.001 18.123 0.000
Population growth 1966-2016 0.065 19.184 0.000
Population growth 1986-2016 0.037 14.606 0.000
Annual Population Growth Rate 0.017 17.252 0.000
Household Size 0.002 2.631 0.014
Youth Population Percentage 0.041 0.546 0.001
Gross Enrollment Ratio for Primary Education 0.025 5.525 0.000
Gross Enrollment Ratio for Secondary Education 0.031 5.540 0.000
Net Migration Rate 0.004 17.592 0.000
Population Aging 0.008 6.072 0.000
Sex Ratio 0.208 5.276 0.000
Male Literacy Rate 0.060 4521 0.000
Female Literacy Rate 0.024 1.802 -0.082
Overall Literacy Rate 0.017 3.272 0.003
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Fig 4. Spatial autocorrelation between food insecurity and social resilience variables

Table 8. The relationship between food insecurity and the environmental-physical dimension

Index R? T-stat P-value
Slope 0.019 4512 0.000
Percentage of Authorized Agricultural Wells 0.037 11.335 0.000
Percentage of Unauthorized Wells 0.057 15.314 0.000
Percentage of Reinforced Housing 0.063 4.932 0.000
Housing with Structural Framework 0.000 3.604 0.001
Percentage of Authorized Wells 0.026 7.765 0.000
Percentage of Newly Built Housing 0.001 3.394 0.002
Title Deed 0.004 4.954 0.000
Persons per Room Density 0.026 4.997 0.000
Households per Housing Unit Density 0.001 5.160 0.000
Faults and Earthquakes 0.000 10.310 0.000
Development 0.002 3.244 0.003
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