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Objective: Food security in arid and semi-arid regions is strongly influenced by
precipitation and water resources. The present study aimed to investigate the
relationship between precipitation, groundwater resource utilization, and
agricultural production in Yazd province.

Method: 15-year precipitation and crop yield data were collected by county and,
after validation and standardization, were analyzed using Pearson and Spearman
correlation tests.

Results: The results showed that there is no significant correlation between
precipitation and crop yield; in other words, agriculture in Yazd province is based
on the utilization of groundwater resources rather than on precipitation. This finding
is consistent with domestic and international studies showing that in arid regions,
precipitation alone does not meet agricultural needs and sustainable management of
groundwater resources plays a key role in ensuring food security. Accordingly,
adopting strategies such as developing modern irrigation systems and improving
water transfer efficiency can pave the way for increasing productivity and reducing
pressure on groundwater resources.

Conclusion: The results of this study emphasize the need for policymakers to pay
attention to efficient water management in order to achieve agricultural
sustainability and improve food security in Yazd province and similar regions.
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Introduction

The contemporary global landscape is increasingly shaped by pressing environmental
challenges, including rapid population growth, global warming, stratospheric ozone depletion,
climate change, and the progressive scarcity and degradation of freshwater resources. In this
context, food security is defined as the condition in which all individuals, at all times, have
physical and economic access to sufficient, safe, and nutritious food that meets their dietary
needs, energy requirements, and food preferences for maintaining a healthy and active life.
With the global population projected to exceed 9 billion by 2050, the imperative for sustainable
agricultural intensification has become more urgent than ever. Optimal utilization of natural
resources and technological infrastructure is essential to ensure long-term food production
resilience. Among all critical factors, water resources occupy a central and indispensable role,
particularly in arid and semi-arid regions. In such environments, food security is profoundly
contingent upon the availability and sustainable management of water. Yazd Province, located
in one of the driest regions of Iran and characterized by minimal annual precipitation,
exemplifies the severe challenges associated with water scarcity and over-reliance on
groundwater for agricultural activities. The case of Yazd underscores the urgent need for
integrated water and agricultural management strategies to safeguard food security in water-
stressed environments.

Methodology

The present study is applied in nature, aiming to address practical and real-world issues
within the context of food security and water resource management in arid regions. It adopts a
descriptive-analytical research design, enabling systematic analysis of existing data and the
identification of key relationships between variables. Data collection was conducted through a
mixed-methods approach, combining both secondary (library-based) and primary (field-based)
sources. Secondary data were gathered from scholarly articles, official documents, books, and
reports related to climatic patterns, agricultural production, and water resource management.
Primary data were collected via structured interviews with local experts and stakeholders, as
well as through a validated questionnaire administered to farmers and agricultural practitioners
in Yazd Province. Meteorological and agricultural data—including annual precipitation levels
and crop yield records—were obtained from relevant governmental and institutional databases,
such as the Iran Meteorological Organization and the Ministry of Agriculture Jihad. To ensure
data reliability and validity, an initial data validation process was conducted using a Run Test
(pilot test) to assess consistency and accuracy. Subsequently, the dataset underwent
normalization using the Z-score transformation method to standardize variables with differing
scales and units, thereby facilitating meaningful comparative analysis. The interrelationships
among the normalized variables were then analyzed using Pearson’s correlation coefficient (for
linear relationships between parametric variables) and Spearman’s rank correlation coefficient
(for non-parametric or monotonic relationships). These statistical tests were performed using
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SPSS software (Version 26), allowing for robust assessment of the strength and direction of
associations between climatic factors (e.g., precipitation) and agricultural outcomes (e.g., crop
harvest). The findings from these analyses provide a quantitative foundation for understanding
the impact of water availability on agricultural productivity in water-scarce environments such
as Yazd Province.

Findings

The present study focuses on Yazd Province, a region characterized by extreme aridity
and minimal annual precipitation. Given the limited contribution of rainfall to agricultural
water supply, the sector is heavily dependent on the extraction of groundwater resources. To
assess the relationship between climatic variability and agricultural output, rainfall and crop
harvest data were collected over a 15-year period (2010-2024). These data were subjected to
rigorous statistical analysis using Pearson’s correlation coefficient (for parametric, linear
relationships) and Spearman’s rank correlation coefficient (for non-parametric or monotonic
associations), implemented via SPSS software (Version 26). The results indicate no statistically
significant correlation between annual rainfall and crop yield in Yazd Province. This finding
underscores the limited role of surface water and precipitation in sustaining agricultural
production in the region, reinforcing the critical dependence on groundwater. The lack of a
significant relationship may be attributed to the overexploitation of aquifers, inefficient
irrigation practices, and the absence of integrated water management systems. These findings
highlight the vulnerability of agricultural systems in water-scarce environments to climate
variability and underscore the urgent need for sustainable water use strategies, including the
adoption of water-saving technologies, improved irrigation efficiency, and policy interventions
to regulate groundwater extraction. Without such measures, the long-term viability of
agriculture—and by extension, food security—in Yazd Province remains at significant risk.

Conclusion

The findings of this study are consistent with both domestic and international research,
which collectively indicate that rainfall alone is insufficient to meet the water demands of
agricultural systems in arid and semi-arid regions. In the context of Yazd Province—
characterized by a hyper-arid climate and prolonged drought conditions—agriculture has
become increasingly reliant on groundwater extraction, highlighting the critical need for
sustainable water resource management. Given the region’s limited precipitation and the
growing pressure on groundwater reserves, enhancing water productivity—defined as the ratio
of agricultural output to water input—has become a strategic priority. The current dependence
on non-renewable groundwater sources poses a serious threat to long-term agricultural
sustainability and food security. To address these challenges, it is imperative to prioritize the
development and widespread adoption of modern irrigation technologies, such as drip and
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sprinkler irrigation systems, which significantly reduce water losses and improve application
efficiency. Furthermore, improving the efficiency of water conveyance and distribution
networks—through infrastructure upgrades and real-time monitoring—can minimize non-
revenue water and ensure equitable water allocation. In light of ongoing climatic variability,
persistent drought trends, and the projected increase in water scarcity, policy interventions
should focus on promoting water-saving practices, incentivizing sustainable farming methods,
and strengthening institutional frameworks for groundwater governance. Integrated water
resources management (IWRM) strategies, supported by data-driven decision-making and
stakeholder participation, are essential for enhancing both water and land productivity in
agriculture.
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Tablel. Total precipitation of stations in Yazd province in millimeters

Year Station

Robat Aghda Gariz Bafgh Yazd Mervast Meybod Bahabad Mehriz  Abarkuh Harat

Posht-e

Badam
2010 66.5 37.7 83.9 15.3 35.9 23.1 42.7 23.8 26.6 74.9 77.6
2011 102.2 61.6 79.2 125 21.5 19 37.2 19.1 46.2 38.3 66.4
2012 198.5 141.8 148.2 49.3 76.6 61.7 100.8 112.2 69.5 76.1 79.9
2013 84.04 116.5 98 70.2 60.5 77.4 85.9 57.2 81.1 68.5 134.1
2014 574 46.7 116.8 53.9 41.4 71.8 43.7 105.4 54.9 53.5 134
2015 61.2 21.7 128.9 51.8 38.6 51.7 25.5 94.4 44.6 66.4 65
2016 55 29.2 72.9 335 23.7 41.8 30.3 54.8 24.3 32.3 84.6
2017 52.5 38 92.5 40.5 23.6 36.2 315 53.6 25 31.2 47.1
2018 154.5 83 128.4 68.7 715 63.8 42.2 81 85 89.3 62
2019 128.8 78 121.5 50.8 95.4 174 49.6 84.2 56.4 47.7 90
2020 72.4 62.3 216.3 77.9 51.3 147.2 55.7 65.4 91 135 173.1
2021 59.8 59.9 103.3 335 60.7 345 445 45.8 83.8 29 58.4
2022 78.8 92.5 124.4 51.8 119.6 124.6 77.3 67.4 79.5 150.8 151.2
2023 66.4 87.3 80.5 20.7 58.9 32.8 66.4 107.6 58.7 39.4 21.3
2024 96.7 35.2 113.5 44.4 75.9 97.3 55.3 120.8 110.1 80 17.3

Sy Qt;...g‘ 5 Jyam &..i)‘b).; Egone -y Jj..\.?

Table 2. Total harvest in Yazd Province

Year Abarkuh  Ashkezr Yazd Mehriz Bafgh Bahabad Taft Meybod  Ardakan  Khatam Sum

2010 127581 52372 73552 14681 13366 22484 19196 49648 25938 109888 508706
2011 136117 53833 74366 15421 14224 23346 19520 50778 24381 115685 527671
2012 152608 59673 82812 17639 18063 27188 24078 58317 30769 128274 599421
2013 155273 59067 83800 19481 18391 27843 26587 57956 31664 136440 616502
2014 117187 50999 74605 16015 14544 23647 19660 42308 24700 98010 481675
2015 116768 35233 73781 17391 26722 24181 25307 48008 31273 131858 530522
2016 118766 36285 75566 18191 27932 24134 27413 39122 32214 138141 537764
2017 117024 32309 71222 14235 25920 23177 24945 32825 28260 131530 501447
2018 152762 30709 70353 14070 29667 24756 24344 31710 24878 183544 586793
2019 161816 34632 70605 13542 29604 24684 29819 33005 26176 162517 586400
2020 142075 37352 80315 28419 31072 27172 31198 38435 34555 138931 589524
2021 115756 40164 74345 36330 43689 38013 16538 46019 29596 114985 555435
2022 133018 41255 74726 35243 48331 38350 16418 47455 33891 132834 601521
2023 134399 42163 53454 34676 29515 37831 11936 47987 34076 135911 561948
2024 138616 35069 39033 30468 23367 8327 6786 49366 8867 125546 465445

53 ol 58 3,b sleesls (Run Test) ¢yge5l gls -Y Jgox

Table 3: Results of the (Run Test) of rainfall data in Yazd province

Result Robat Aghda  Gariz Bafgh Yazd  Mervast Meybod Bahabad  Mehriz Abarkuh Harat
Posht-e
Badam

Run Test 0.47 0.69 0.98 0.60 0.29 1.00 0.34 1.00 1.00 0.27 0.86

S ol o (65,58 Y game slaosls (RUN Test) yae3l molis - Jgax

Table 4. Results of the Run Test of agricultural product data in Yazd province

Result Abarkuh Ashkezr Yazd Mehriz Bafgh Bahabad Taft Meybod Ardakan Khatam

Run Test 0.290 0.02 0.054 0.02 0.110 0.113 0.110 0.131 0.695 0.986
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Table 5. Verification of agricultural product data through (Run Test)

Result Abarkuh  Ashkezr Yazd Mehriz Bafgh Bahabad Taft Meybod  Ardakan Khatam
Sum of 6 4 7 6 5 5 5 5 7 9
series
Numeric 3-13 3-13 3-13 3-13 3-13 3-13 3-13 3-13 3-13 3-13
range
Run Test Random  Random Random Random Random Random Random  Random Random Random

Ry v I PR WA Ko B EY S A g PR

Table 6. Standardized precipitation data for Yazd province

Year Station

Robat Aghda Gariz Bafgh Yazd Mervast Meybod Bahabad Mehriz  Abarkuh Harat

Posht-e

Badam
2010 -0.54 -0.84 -0.84 -1.52 -0.76 -1.11 -0.46 -1.56 -1.37 0.20 -0.14
2011 0.31 -0.13 -0.97 -1.67 -1.27 -1.22 -0.71 -1.71 -0.62 -0.80 -0.39
2012 2.61 2.23 0.96 0.22 0.70 -0.06 2.23 1.25 0.27 0.24 -0.09
2013 -0.11 1.48 -0.44 1.29 0.13 0.36 -0.50 -0.50 0.71 0.03 1.10
2014 -0.75 -0.57 0.08 0.46 -0.56 0.21 -0.41 1.04 -0.29 -0.38 1.09
2015 -0.66 -1.31 0.42 0.35 -0.66 -0.33 -1.25 0.69 -0.68 -0.03 -0.42
2016 -0.81 -1.09 -1.14 -0.59 -1.19 -0.60 -1.03 -0.57 -1.46 -0.97 0.01
2017 -0.87 -0.83 -0.60 -0.23 -1.20 -0.75 -0.98 -0.61 -1.43 -1.00 -0.81
2018 1.56 0.50 0.40 1.22 0.52 -0.01 -0.48 0.26 0.86 0.60 -0.49
2019 0.95 0.35 0.21 0.30 1.37 0.36 -0.14 0.36 -0.23 -0.54 0.13
2020 -0.40 -0.11 2.86 1.69 -0.20 2.25 0.14 -0.24 1.09 1.86 195
2021 -0.70 -0.18 -0.30 -0.59 0.13 -0.80 -0.37 -0.86 0.82 -1.06 -0.56
2022 -0.24 0.78 0.29 0.35 2.24 1.64 1.15 -0.17 0.65 2.29 147
2023 -0.54 0.62 -0.93 -1.25 0.07 -0.85 0.64 111 -0.14 -0.77 -1.38

2024 0.18 -0.91 -0.01 -0.03 0.68 0.90 0.13 1.53 1.82 0.34 -1.47
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Table 7. Standardized data on agricultural harvest in Yazd province

Year Abarkuh  Ashkezr Yazd Mehriz Bafgh ~ Bahabad Taft Meybod  Ardakan  Khatam

2010 -0.45 0.98 0.18 -0.82 -1.28 -0.51 -0.35 0.57 -0.33 -1.08
2011 0.09 1.13 0.25 -0.73 -1.19 -0.40 -0.31 0.70 -0.58 -0.80
2012 1.14 1.72 1.00 -0.47 -0.81 0.11 0.37 1.59 0.42 -0.19
2013 131 1.66 1.08 -0.26 -0.78 0.20 0.74 1.55 0.56 0.20
2014 -1.11 0.84 0.27 -0.66 -1.16 -0.36 -0.29 -0.30 -0.53 -1.66
2015 -1.13 -0.76 0.20 -0.50 0.04 -0.29 0.55 0.37 0.50 -0.02
2016 -1.01 -0.66 0.36 -0.41 0.16 -0.29 0.86 -0.68 0.65 0.28
2017 -1.12 -1.06 -0.02 -0.87 -0.04 -0.42 0.50 -1.43 0.03 -0.04
2018 1.15 -1.22 -0.10 -0.89 0.33 -0.21 0.41 -1.56 -0.50 2.48
2019 1.72 -0.83 -0.08 -0.95 0.33 -0.22 1.22 -1.40 -0.30 1.47
2020 0.47 -0.55 0.78 0.78 0.47 0.11 1.43 -0.76 1.01 0.32
2021 -1.20 -0.26 0.25 1.69 1.72 1.55 -0.75 0.14 0.24 -0.84
2022 -0.10 -0.15 0.28 1.57 2.18 1.59 -0.77 0.31 0.91 0.03
2023 -0.02 -0.06 -1.59 1.50 0.32 1.52 -1.43 0.37 0.94 0.18
2024 0.25 -0.78 -2.86 1.01 -0.29 -2.39 -2.20 0.53 -3.00 -0.33

O3y Soad Slowloee gl A Jgo

Table 8. Results of Pearson correlation calculations

Method  Abarkuh  Ashkezr Yazd Mehriz Bafgh Bahabad Taft Meybod  Ardakan  Khatam

Pearson 0.316 -0.050 0.008 0.518 0.199 0.162 0.484 0.602 0.214 -0.097

oyl (Son Slawlone s -1 Jgax

Table 9 Results of Spearman correlation calculations

Method Abarkuh  Ashkezr Yazd Mehriz Bafgh Bahabad Taft Meybod  Ardakan  Khatam

Spearman 0.493 -0.061 -0.030 0.461 0.319 0.084 0.261 0.402 0.311 0.246
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Table 10. Results of the difference from the mean method

Year Abarkuh  Ashkezr Yazd Mehriz Bafgh ~ Bahabad Harat Meybod Gariz Aghda
2010 7.50 -21.10 -21.1 -35.80 -29.60 -49.00 -6.50 -9.80 -29.90 -28.30
2011 -29.10 -35.5 -35.5 -16.20 -32.40 -53.70 -17.70 -15.30 -34.60 -4.40
2012 8.70 19.6 19.6 7.10 4.40 39.40 -4.20 48.30 34.40 75.80
2013 1.10 35 35 18.70 25.30 -15.60 50.00 33.40 -15.80 50.50
2014 -13.90 -15.6 -15.6 -7.50 9.00 32.60 49.90 -8.80 3.00 -19.30
2015 -1.00 18.4 -18.4 -17.80 6.90 21.60 -19.10 -27.00 15.10 -44.30
2016 -35.10 -33.3 -33.3 -38.10 -11.40 -18.00 0.50 -22.20 -40.90 -36.80
2017 -36.20 -334 -334 -37.40 -4.40 -19.20 -37.00 -21.00 -21.30 -28.00
2018 21.90 14.5 145 22.60 23.80 8.20 -22.10 -10.30 14.60 17.00
2019 -19.70 38.4 38.4 -6.00 5.90 11.40 5.90 -2.90 7.70 12.00
2020 67.60 5.7 5.7 28.60 33.00 -7.40 89.00 3.20 102.50 -3.70
2021 -38.40 3.7 3.7 21.40 -11.40 -27.00 -25.70 -8.00 -10.50 -6.10
2022 83.40 62.6 62.6 17.10 6.90 -5.40 67.10 24.80 10.60 26.50
2023 -28.00 19 1.9 -3.70 -24.20 34.80 -62.80 13.90 -33.30 21.30
2024 21.60 189 18.9 47.70 -0.05 48.00 -66.80 2.80 -0.03 -30.80
Jyaze cils p b JluSias sbhosly  Swor gli -V oo
Table 11: Results of correlation between drought data and crop harvest
Result Abarkuh  Ashkezr Yazd Mehriz Bafgh Bahabad Taft Meybod  Ardakan  Khatam
Pearson 0.325 -0.089 -0.144 0.57 0.199 -0.0169 0.386 0.599 0.325 -0.05
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