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ABSTRACT 3 

 The primary objective of this study is to develop a spatially explicit Agricultural Drought 4 

Hazard (ADH) map for Iran by integrating precipitation and soil moisture data. For this, 5 

two key datasets spanning 30 years (1987-2016) were utilized: monthly precipitation 6 

from 63 synoptic stations (Iran’s Meteorological Organization) and gridded (0.5°x0.5°) 7 

monthly soil moisture from the Climate Prediction Center (CPC). These were 8 

transformed into the Standardized Precipitation Index (SPI) and Standardized Soil 9 

Moisture Index (SSMI), respectively. A core quantitative finding is the regionally distinct 10 

correlation between SPI and SSMI: the strongest positive correlations were observed in 11 

Iran’s expansive dry climates (southern and eastern halves), while significantly weaker 12 

correlations characterized the more humid northern and western halves. This indicates a 13 

more rapid and direct propagation of meteorological drought to agricultural drought in 14 

arid zones. These standardized indices were then integrated to construct Iran’s ADH map. 15 

This map quantitatively classifies the central, southern, and southeastern regions as 16 

experiencing ‘high’ and ‘very high’ agricultural drought hazard. These findings provide 17 

a critical, data-driven tool for national and regional policymakers, offering improved 18 

insights for targeted drought mitigation and water resource management compared to 19 

single-indicator assessments, particularly crucial for Iran’s vulnerable agricultural sector. 20 

Author keywords: Drought, Hazard, Iran, Precipitation, Soil moisture. 21 

 22 
Introduction  23 

Drought, characterized by a significant shortage of precipitation over a period (Wilhite, 2005), 24 

stands as one of the most complex and impactful climatic hazards globally (Ghorbani et al., 25 

2019). Its insidious onset and prolonged duration often result in severe and cascading 26 

economic, social, and environmental consequences (Kao et al., 2021; Erfurt et al., 2019), 27 

particularly threatening water resource availability and agricultural productivity, which forms 28 

the backbone of many economies, especially in arid and semi-arid regions. 29 
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Effective drought monitoring and management necessitate its quantification, leading to the 30 

development of numerous indices over recent decades. These indices typically categorize 31 

droughts based on their primary impact: meteorological (precipitation deficits), agricultural 32 

(soil moisture shortages impacting crop yields and thereby food security), and hydrological 33 

(reduced surface and groundwater) (Chanda et al., 2014). Within meteorological drought 34 

assessment, the Standardized Precipitation Index (SPI) (McKee et al., 1993) and the 35 

Standardized Precipitation Evapotranspiration Index (SPEI) (Vicente-Serrano et al., 2010) are 36 

widely adopted. Their strength lies in standardizing deviations in precipitation (SPI) or climatic 37 

water balance (SPEI), allowing for versatile multi-scalar analysis and cross-regional 38 

comparisons. For agricultural drought, which directly impacts rural livelihoods and regional 39 

economies, indices like the Standardized Soil Moisture Index (SSMI) (e.g., Modarres, 2007; 40 

Kao & Govindaraj, 2010) quantify deficits in soil moisture, often employing a standardization 41 

approach akin to SPI. While these category-specific indices are invaluable for characterizing 42 

particular drought facets, relying solely on individual metrics can obscure the multifaceted 43 

nature of drought and its cascading impacts, particularly when assessing comprehensive 44 

drought risk. 45 

The inherent complexity and multi-dimensional impacts of drought underscore the limitations 46 

of relying on single, univariate indices for a comprehensive assessment of its detrimental 47 

effects. Consequently, contemporary drought management increasingly adopts a ‘risk’-based 48 

framework. This framework posits that risk arises not solely from the natural hazard itself (e.g., 49 

meteorological drought intensity), but from the intricate interplay between the drought hazard 50 

(characterized by its frequency, severity, and duration) and the vulnerability of exposed 51 

systems (e.g., agriculture, water resources, socio-economic structures) (Shahid and Behrawan, 52 

2008; Nasrollahi et al., 2018; Hagenlocher et al., 2019). Within this paradigm, quantifying the 53 

drought hazard component is a critical first step, typically achieved by analyzing patterns and 54 

characteristics derived from various drought indices (Blauhut et al., 2015). However, 55 

translating information from one or more drought indices into spatially explicit and practically 56 

applicable drought hazard maps—which are crucial for informing overall risk assessments and 57 

guiding proactive mitigation strategies—presents ongoing methodological considerations and 58 

has been approached in diverse ways in existing literature. 59 

Building on this, the literature reveals several approaches to constructing drought hazard maps, 60 

often as a crucial input for broader risk assessments. One prevalent strategy, exemplified by 61 

Shahid and Behrawan (2008) in their study of western Bangladesh, involves a multi-stage 62 
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process focused on deriving a drought hazard map using the Standardized Precipitation Index 63 

(SPI). Their methodology included: (i) extracting the frequency of different SPI-defined 64 

drought severity classes for study stations, (ii) calculating the probability of occurrence for 65 

each class, and (iii) assigning impact-based weights (ranging from 1 for weak to 4 for extreme 66 

drought). The final hazard map was then generated by aggregating the product of these weights 67 

and occurrence probabilities. Variations of this weighted, frequency-based approach to hazard 68 

mapping, primarily utilizing indices like SPI, have been similarly applied in other regional 69 

contexts such as Indonesia (Avia et al., 2023), Iran (Nasrollahi et al., 2018), and South Korea 70 

(Kim et al., 2015), highlighting its utility in transforming index data into spatially explicit 71 

hazard assessments. 72 

While frequency analysis of meteorological indices like SPI, as discussed previously, offers 73 

one pathway to hazard mapping, other research has focused on agricultural drought and 74 

incorporated diverse data sources. Faridatul and Ahmed (2020), for example, employed the 75 

satellite-derived Modified Vegetation Condition Index (mVCI) to map agricultural drought 76 

hazard across Bangladesh, assigning coefficients based on severity classes. The integration of 77 

vegetation health into hazard assessment is also seen in the work of Yu et al. (2018), who 78 

combined SPI with the Vegetation Condition Index (VCI) for drought hazard mapping in north 79 

of South Korea, contrasting with approaches like Daneshvar et al. (2012) in Iran which relied 80 

primarily on SPI. Further illustrating methodological diversity, Adnan and Ullah (2020) 81 

developed an empirical model for Pakistan that integrated the frequency of various drought 82 

classes with seasonal soil moisture characteristics to derive a multi-level drought hazard map. 83 

These examples collectively illustrate the ongoing exploration of different indices, data 84 

integration techniques, and classification schemes in the pursuit of robust drought hazard 85 

characterization. 86 

The preceding review highlights a spectrum of methodologies for drought hazard assessment. 87 

However, for a country like Iran, characterized by its arid to semi-arid climate, significant water 88 

scarcity, and high dependence on climate-sensitive agriculture (Vaghefi et al., 2019; 89 

Mahmoudi et al., 2019b), the translation of hazard information into comprehensive, national-90 

scale drought risk assessments remains a critical imperative. Recent climatic variabilities and 91 

severe drought episodes have already imposed substantial economic burdens, underscoring the 92 

urgent need for robust planning tools. While existing approaches, such as the empirical model 93 

by Adnan and Ullah (2020) for drought hazard mapping, offer valuable foundations, a clear 94 

gap exists in adapting and enhancing such techniques to develop integrated drought risk maps 95 
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that also consider underlying vulnerabilities at a national scale for Iran. This study aims to 96 

address this gap. Therefore, the primary objective of this research is to develop a national 97 

drought risk map for Iran by refining and advancing the empirical modeling approach 98 

previously utilized for hazard assessment by Adnan and Ullah (2020), specifically by 99 

incorporating a tailored assessment of Iran’s diverse precipitation regimes and their associated 100 

vulnerabilities through a novel, country-specific classification and weighting scheme 101 

integrated into the ADHI (Agricultural Drought Hazard Index) framework. The anticipated 102 

contributions of this work are threefold: (1) to present an enhanced methodological framework 103 

for national-scale drought risk assessment tailored to arid/semi-arid regions; (2) to deliver the 104 

first comprehensive, spatially explicit drought risk map for Iran using this improved 105 

methodology; and (3) to provide actionable insights for targeted drought mitigation, water 106 

resource management, and agricultural policy formulation in the country. 107 

The study area 108 

Iran is situated in the arid belt on the world map and a large part of its climate (over 90%) is 109 

arid. This land borders the water regions of the Caspian Sea in the north and the Persian Gulf 110 

and the Sea of Oman in the south. The spatial precipitation distribution in a large swathe of 111 

Iran is highly dependent on rough areas. Alborz  mountains, which extend from western and 112 

eastern directions to the north, and Zagros mountains, which extend from northwestern to 113 

southeastern directions, control the entry of precipitating systems towards the central plateau. 114 

Surrounded by water areas and a large area of mountains, Iran enjoys a diverse climate (Figure 115 

1a). According to the De Martonne classification index (De Martonne 1909), Iran’s climate is 116 

generally arid (around 65%), semi-arid (around 20%), while only 10% of which is humid 117 

(Katiraie-Boroujerdy et al. 2013). The average annual precipitation in Iran is close to 250 mm, 118 

whose spatial distribution is highly different in various areas, with desert regions recording less 119 

than 250 mm and other areas such as the western boundaries of the Caspian Sea recording 1800 120 

mm (Figure 1b) (Mahmoudi et al. 2021). The spatial distribution of the average annual 121 

precipitation of Iran is a function of rough areas and the changing angles of the sun’s 122 

inclination. The lowest average annual temperature in Iran is noted in the northwest and the 123 

highest in the southeast coasts. In sum, the country’s temperature sees a reduction from the 124 

south to the north and from the east to the west (Figure 1c) (Mahmoudi et al. 2021). 125 

 126 
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Figure  1. (a) Location and physical geography of Iran (Southwest Asia), (b) spatial distribution map of the 

mean annual precipitation (Mahmoudi et al. 2021), and (c) spatial distribution map of the mean annual 

temperature (Mahmoudi et al. 2021). 

 127 
Data and Methods 128 

Data 129 

Two various databases are needed to prepare Iran’s agricultural drought hazards map. The first 130 

database, comprising monthly precipitation data from 62 synoptic stations for 30 years (from 131 

1987 to 2016), was received from Iran’s Meteorological Organization. These stations were 132 

selected based on an adequate span of the statistical period (at least 30 years) and their spatial 133 

scattering across the country. The data were complete and reliable, with few missing values 134 
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reconstructed using correlation and linear regression methods (Asakereh, 2011). Figure 2 135 

illustrates the distribution and scattering of the studied stations. To assign a representative area 136 

of influence to each station for the spatial representation of drought hazard, Thiessen’s Polygon 137 

Method (Thiessen, 1911) was employed. We acknowledge the inherent limitations of this 138 

method in representing fine-scale spatial variability across Iran’s diverse topography and 139 

microclimates, particularly its assumption of uniform conditions within polygons. However, it 140 

was utilized in this national-scale study because the primary Agricultural Drought Hazard 141 

Index (ADHI) calculations, which form the basis of the agricultural drought hazard map, were 142 

performed using the specific long-term precipitation records of each individual station. The 143 

Thiessen polygons then served as a standard approach to provide a first-order approximation 144 

for spatializing these station-based ADHI assessments and attributing the calculated hazard 145 

levels to distinct geographical areas across the country. Consequently, the calculations and 146 

analyses for the agricultural drought hazard map were developed based on these station-147 

specific ADHI values and then regionalized using the areas defined by the Thiessen polygons 148 

(Figure 2) 149 

 

Figure 2. Scattering and geographical situation of studied stations and the areas assigned to each station using 

Thiessen’s Polygon Method. 

 150 
The second database pertained to the gridded monthly amounts of soil moisture (0.5*0.5°, in 151 

millimeters per 1 meter of soil depth), downloaded from the Climate Prediction Center (CPC) 152 

(NOAA) (http://www.esrl.noaa.gov/psd/data/gridded/data.cpcsoil.htm) (Fan and van den Dool 153 

2004), for the same 30-year time interval from 1987 to 2016. These data were not re-analysis 154 
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data, and it was argued that the re-analysis data could not be reliable due to their biases (van 155 

den Dool et al. 2003; Fan and van den Dool 2004). In sum, the number of gridded points 156 

extracted from the CPC (NOAA) database for the framework of Iran’s political borders 157 

amounted to 622 gridded points. The time series of these data were complete and lacked any 158 

missing data. These data were validated by Mahmoudi et al. (2021) using soil moisture data 159 

measured at Iran’s agricultural meteorological stations. Validation results suggested that the 160 

correlation coefficient between the gridded data of soil moisture and the stations located in arid 161 

and semi-arid regions in Iran was lower than 0.65, while the correlation coefficient between 162 

the gridded data of soil moisture and the stations located in humid regions was higher than 163 

0.89.  164 

 165 

Methods 166 

Standardized Precipitation Index (SPI) and Standardized Soil Moisture Index 167 

(SSMI) 168 

The Standardized Precipitation Index (SPI) is a tool originally developed by McKee et al. 169 

(1993; 1995) to identify and monitor droughts and their severity across various timescales. In 170 

the present study, all drought indices—including both the SPI and the Standardized Soil 171 

Moisture Index (SSMI)—were calculated and analyzed exclusively on an annual timescale. 172 

That is, the calculation steps for the SPI involved: (1) summing cumulative precipitation for 173 

each year using an annual timescale, (2) fitting gamma distribution functions to each 174 

hydrological year, (3) estimating distribution function values for total annual precipitation, and 175 

(4) converting the gamma-distributed values to standard normal variates. Since the SPI is 176 

essentially a z-score, it expresses the deviation of precipitation from the mean in units of 177 

standard deviation, facilitating comparison among sites and periods. Periods when the SPI is 178 

persistently negative, especially at -1 or lower, are regarded as drought events, which conclude 179 

when SPI values return to positive. Because all indices in this study were calculated over annual 180 

periods, all drought events and severity classifications are also defined on this annual basis 181 

(Table 1). Similarly, the Standardized Soil Moisture Index (SSMI), like the SPI, was calculated 182 

on an annual timescale (Gautam et al. 2023; Das et al. 2020; Lin et al. 2015), with drought 183 

severity determined using the thresholds summarized in Table 1. 184 

 185 

 186 

 187 
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Table 1. Classification of droughts based on the SPI and SSMI. 188 
Category SPI value 

Extreme wet 2.00 or more 

Severe wet 1.50 to 1.99 

Moderate wet 1.00 to 1.49 

Mild wet 0.50 to 0.99 

Normal 0.49 to -0.49 

Mild drought -0.50 to -0.99 

Moderate drought -1.00 to -1.49 

Severe drought -1.50 to -1.99 

Extreme drought -2.00 and less 

                    Reference: McKee et al. (1993). 189 

Agro-Climatic Regionalization using Moisture Index (MI) 190 

To provide a spatial context for the drought analysis across Iran’s varied climatic conditions 191 

and to enable a stratified assessment of drought characteristics, an agro-climatic regionalization 192 

was undertaken using the Moisture Index (MI). The MI offers a quantitative measure of long-193 

term moisture availability by comparing mean annual precipitation (P) with mean annual 194 

potential evapotranspiration (ETo) (Adnan et al., 2017). 195 

For this study, the MI was calculated for the synoptic stations across the study area using long-196 

term (1986-2018) mean annual precipitation (P) data and corresponding mean annual potential 197 

evapotranspiration (ETo) data, with ETo estimated using the FAO-56 Penman-Monteith 198 

method. The MI was computed as a percentage according to Equation 1: 199 

𝑀𝐼(%) = [
(𝑃 − 𝐸𝑇𝑜)

𝐸𝑇𝑜
] × 100 

(1)  

 

 200 
Subsequently, Iran was classified into distinct agro-climatic zones based on these MI values. 201 

The classification framework initially proposed by Adnan et al. (2017), which outlines nine 202 

classes, was adopted. For its application to Iran, this framework was refined by consolidating 203 

certain adjacent classes: the “wet semi-arid” and “dry semi-arid” classes were merged into a 204 

single “Semi-arid” category, and similarly, the “wet sub-humid” and “dry sub-humid” classes 205 

were combined into a “Sub-humid” category. The MI thresholds for the original and the 206 

reclassified categories adapted for Iran are detailed in Table 2. 207 

 208 

 209 

 210 

 211 

 212 

 213 
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Table 2. Agro-climatic classes of moisture index (MI) and its reclassification for Iran. 214 

Agro-climatic 

classes 
Symbol MI limits (%) 

Reclassification of 

the Agro-climatic 

classes 

MI limits (%) 

Extremely arid 𝐴𝑒 <−90.0 Extremely arid <−90.0 

Arid 𝐴 −90.0 to −80.0 Arid −90.0 to −80.0 

Dry semi-arid 𝑆𝐴𝑑 −79.9 to −56 
semi-arid −79.9 to −26.0 

Wet semi-arid 𝑆𝐴𝑤 −55.9 to −26.0 

Dry sub-humid 𝑆𝐻𝑑 −25.9 to 0.0 
sub-humid −25.9 to –20.0 

Wet sub-humid 𝑆𝐻𝑤  0.1 to –20.0 

Humid 𝐻 20.1 to 50.0 Humid 20.1 to 50.0 

Very humid 𝐻𝑣  >50 Very humid >50 

 215 

To delineate the spatial distribution of these agro-climatic zones across Iran, the station-specific 216 

MI values were spatially interpolated using the Kriging method. The resulting map (Figure 5) 217 

illustrates the geographical boundaries of the agro-climatic regions used in subsequent drought 218 

analyses. 219 

 220 

The Agricultural Drought Hazard Index (ADHI) 221 

In the present study, a modified version of Adnan and Ullah’s (2020) drought hazard 222 

assessment model was adopted to evaluate the severity of agricultural drought risk in Iran. This 223 

model integrates three principal components: (a) drought frequency—expressed as the 224 

proportion of drought years to the total period of record, (b) the dominant seasonal precipitation 225 

contribution index (𝑆_𝐼𝑛𝑑𝑒𝑥), and (C) the ratio of dominant seasonal soil moisture to annual 226 

soil moisture (
𝑆𝑀𝑖−𝑗

𝑆𝑀𝐴𝑛𝑛𝑢𝑎𝑙
). The formula is defined as follows: 227 

𝐷𝐻𝐼 =
1

3
(
𝑇𝑑
𝑇𝑦

+ 𝑆𝐼𝑛𝑑𝑒𝑥 +
𝑆𝑀𝑖−𝑗

𝑆𝑀𝐴𝑛𝑛𝑢𝑎𝑙
) (1) 

Where: 228 

• 𝑇𝑑: Total number of drought years, 229 

•  𝑇𝑦: Total number of years in the study period, 230 

•  𝑆𝐼𝑛𝑑𝑒𝑥: index reflecting the agricultural system’s dependence on the dominant seasonal 231 

rainfall at each station, 232 

•  𝑆𝑀𝑖−𝑗: Soil moisture during the dominant precipitation season (e.g., July–September 233 

for monsoon, January–June for winter), 234 

•  𝑆𝑀𝐴𝑛𝑛𝑢𝑎𝑙: annual soil moisture.  235 

Adnan and Ullah (2020) estimated 𝑆_𝐼𝑛𝑑𝑒𝑥 by calculating the ratio of dominant seasonal 236 

rainfall to annual rainfall and assigning weights based on regional climatic context—primarily 237 
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dividing provinces into “Sindh” and “others” with relatively broad weighting categories (Table 238 

3). 239 

Unlike Pakistan, Iran is characterized by marked variations in seasonal precipitation regimes. 240 

Therefore, in this study, the dominant precipitation season at each station was first identified 241 

according to its highest contribution to annual precipitation. The range of the dominant 242 

season’s percentage share was subsequently divided into four classes for each precipitation 243 

regime (winter, autumn, spring), with assigned weights from 1 to 4) according to the degree 244 

of reliance on that season. This weighting reflects regional variations in vulnerability by 245 

accounting for the criticality of the main rainfall season for agricultural activities. 246 

The ADHI was then calculated for all stations using the above formula and categorized into 247 

five hazard classes, ranging from ‘extremely high’ to ‘very low’ (Table 4). This new structure 248 

allows the model to account for the diverse climate characteristics of Iran while enhancing its 249 

spatial reliability and interpretability compared to the original formulation by Adnan and Ullah 250 

(2020). 251 

Table 3. Criteria used for the hazard assessment of drought using percentage of normal for rainfall for different 252 
regions of Pakistan. 253 

Index Class limit and rating score 

Percentage of Seasonal rainfall for Sindh province >89 79 – 89 70 - 79 59 -60 

Percentage of Seasonal rainfall for other provinces >60 51 – 60 41 - 50 30 - 40 

Index value 4 3 2 1 

Reference: Adnan and Ullah (2020). 254 

Table 4. Severity classes used in the ADHI map. 255 
Hazard Index Hazard Classes 

> 1.50  Extremely High 

1 - 1.50 High 

0.75 – 0.99 Moderate 

0.60 – 0.74 Low 

< 0.60 Very low 

                                   Reference: Adnan and Ullah (2020). 256 

Results and Discussion 257 

patio-temporal Patterns of Soil Moisture 258 

Analysis of the long-term monthly average soil moisture reveals pronounced spatio-temporal 259 

patterns that are fundamental to agricultural drought hazard in Iran (Fig. 3). Spatially, a stark 260 

dichotomy exists between the perennially humid northern Caspian coast, where moisture levels 261 

often exceed 400 mm/m, and the vast, chronically arid central, southern, and eastern regions, 262 

where values typically remain below 60 mm/m for most of the year. The western Zagros 263 

Mountains represent a transitional zone with moderately higher moisture content during the 264 

wet season. Temporally, a distinct annual cycle is evident nationwide. Soil moisture peaks in 265 

April, capitalizing on accumulated winter precipitation, and progressively declines to a 266 
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minimum in late summer (September-October) as evapotranspiration rates increase, leaving 267 

the majority of the country under severe moisture stress. 268 

 

   

   

   

   

Figure 3. The spatial distribution of the monthly long-term average (1987-2016) of soil moisture in 

Iran based on the gridded data of soil moisture (Climate Prediction Center) (NOAA). 

 269 

Spatio-temporal Distribution of Precipitation 270 

Iran’s precipitation climatology is defined by strong spatial gradients and pronounced 271 

seasonality (Fig. 4). Spatially, precipitation decreases markedly from the humid northern and 272 

western peripheries towards the arid central and eastern interior. This pattern is primarily 273 

controlled by orography; the Alborz and Zagros mountain ranges intercept moisture-bearing 274 

systems, leaving the vast central plateau in a rain shadow. Temporally, the climate is divided 275 

into a wet season (November-April) and a distinct dry season (May-October). During the wet 276 

season, the Caspian coast and Zagros highlands receive substantial rainfall, with January 277 

typically representing the peak precipitation month for much of the country. Conversely, from 278 

June to August, most of Iran, particularly the central and southern regions, experiences 279 

negligible rainfall. A notable exception is the Caspian region, which receives significant inter-280 

seasonal rainfall, especially in early autumn. 281 
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Figure 4. The spatial distribution of the monthly long-term average (1987-2016) of precipitation in Iran 

based on the data from 62 meteorological stations (1987-2016). 

 282 

Coupling of Precipitation and Soil Moisture across Agro-Climatic Zones 283 

The coupling strength between annual precipitation (SPI) and soil moisture (SSMI) was 284 

evaluated across Iran’s distinct climatic zones (Fig. 5). The results, summarized in Table 5, 285 

reveal a distinct gradient where the correlation weakens from arid to humid environments. The 286 

coupling is exceptionally strong in Extremely Arid (r=0.70) and Arid zones, indicating that 287 

annual soil moisture is tightly controlled by precipitation anomalies. In contrast, the 288 

relationship becomes significantly weaker in Sub-Humid (r=0.22) and Very Humid (r=0.20) 289 

climates. This pattern suggests that in Iran’s water-limited regions, the response of soil 290 

moisture to rainfall is direct and immediate. Conversely, in more humid zones, this linkage is 291 

buffered by moderating factors such as denser vegetation, higher soil water-holding capacity, 292 

and more complex hydrological processes, leading to a decoupled relationship. 293 
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Figure 5. Iran’s climatic classification based on the Moisture Index (MI). The numbers on the map are station 

codes assigned to each meteorological station (station names corresponding to each code are provided in Figure 

2). This coding was applied to avoid overcrowding the map. 

 294 
Table 5. Correlation analysis of the SPI and the SSMI for the six climatic classes of Iran. 295 

Correlation between SPI 

and SSMI indices 
Climate classification 

0.70 Extremely arid 

0.67 Arid 

0.55 Semi-arid 

0.22 Sub-humid 

0.52 Humid 

0.20 Very humid 

 296 
The temporal evolution of meteorological (SPI) and agricultural (SSMI) drought from 1987–297 

2016 is depicted in Figure 6 for each climatic zone. The analysis shows that agricultural drought 298 

years (SSMI<0) are a recurrent feature across all zones. The most persistent continuous 299 

agricultural drought was observed in the Arid region, lasting for eight consecutive years (2008–300 

2015). Regarding drought severity, the most intense event (min SSMI ≈ -2.90) was 301 

paradoxically recorded in the Very Humid zone in 1999. A critical finding is the varying 302 

temporal alignment between the most severe meteorological (min SPI) and agricultural (min 303 

SSMI) droughts. In the Extremely Arid, Sub-Humid, and Very Humid zones, these peaks 304 

occurred concurrently, indicating a direct response. In contrast, a temporal lag was evident in 305 

the Arid, Semi-Arid, and Humid zones, where the most intense agricultural drought did not 306 

coincide with the year of the most severe precipitation deficit. 307 
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Figure 6. Time-series graphs of the SPI and the SSMI by each climatic class: a) extremely arid, b) arid, c) 

semi-arid, d) sub-humid, e) humid, and f) very humid, from 1987 to 2016. 

 308 

The spatial pattern of the annual correlation between SPI and SSMI reveals a distinct climatic 309 

gradient across Iran (Figure 7). A strong positive correlation (r>0.70) dominates the arid and 310 

semi-arid southern and eastern regions, signifying that agricultural drought is a direct and 311 

immediate consequence of meteorological drought in these water-limited environments. In 312 

stark contrast, the correlation weakens significantly (r<0.30) in the humid northern and 313 

northwestern zones. This weaker relationship suggests that the link between precipitation 314 

deficits and soil moisture is more complex and buffered in these regions, likely modulated by 315 

factors such as different soil properties, denser vegetation, and the influence of snowmelt. 316 
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Figure 7. Spatial distribution of correlation between the SPI and the SSMI in Iran (from 1987 

to 2016). 

 317 

Spatio-temporal Distribution of Annual Meteorological Droughts (SPI) and Annual 318 

Agricultural Droughts (SSMI) 319 

Figure 8 displays the annual spatial distribution of meteorological drought (SPI) from 1987 to 320 

2016. A key observation is the pronounced inter-annual variability in the location and extent 321 

of drought, precluding a single, consistent spatial pattern. Despite this variability, the years 322 

2008, 2000, and 1989 stand out as the most severe and widespread events, with drought 323 

conditions (SPI < 0) covering over 90% of Iran’s territory. 324 

 325 

 326 

 327 

 328 

 329 

 330 

 331 
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Figure 8. Spatial distribution of the various classes of meteorological droughts in Iran on an annual scale based 

on the SPI (from 1986 to 2015) using Thiessen’s method. 

 332 
Similarly, the spatial distribution of agricultural drought (SSMI) showed significant year-to-333 

year variability in extent and severity (Figure 9). Analysis identifies 2000, 2001, 1999, and 334 

1989 as the years with the most widespread and severe agricultural drought conditions. 335 
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Notably, the major drought years of 2000 and 1989 coincide with those identified by the SPI, 336 

indicating periods where meteorological drought directly translated into extensive soil moisture 337 

deficits across the country. 338 

     

     

     

     

     

     

 

Figure 9. Spatial distribution of the various classes of agricultural droughts in Iran on an 

annual scale based on the SSMI (from 1986 to 2015) using Thiessen’s method. 
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 339 
Frequency of Drought Severity Classes 340 

Analysis of meteorological drought frequency (SPI) reveals a clear inverse relationship 341 

between severity and occurrence across Iran (Figure 10). Over the 30-year study period, mild 342 

and moderate droughts were by far the most prevalent classes. Conversely, the most intense 343 

events were rare; any given region experienced a maximum of approximately four severe 344 

droughts and only two extreme droughts. 345 

 346 

  

  

Figure 10. Spatial distribution of the various classes of droughts in Iran based on the SPI (1987-2016); a) the 

number of weak-class droughts; b) the number of moderate-class droughts; c) the number of severe-class 

droughts, and d) the number of extreme-class droughts over the course of 30 years.  

 347 

The frequency of agricultural drought (SSMI) exhibits distinct spatial patterns that vary with 348 

severity (Figure 11). While weak droughts were widespread with no discernible large-scale 349 

pattern, a clear north-south divide emerged for more intense events. Moderate agricultural 350 



Journal of Agricultural Science and Technology (JAST), 28(4) 

In Press, Pre-Proof Version 
 

19 
 

droughts were significantly more frequent in the southern half of Iran, with some stations 351 

experiencing up to 7 occurrences. In a striking contrast, the highest frequencies of severe (up 352 

to 4 occurrences) and extreme (up to 2 occurrences) droughts were concentrated in the northern 353 

half of the country. 354 

  

  

Figure 11. Spatial distribution map of the various classes of Iran’s droughts using the SSMI for the 1987-2016 

time period; a) the number of weak-class droughts, b) the number of moderate-class droughts, c) the number 

of severe-class droughts, and d) the number of extreme-class droughts over the course of 30 years. 

 355 
Improving Iran’s drought hazards index  356 

To develop a map of Iran’s drought hazards, this study utilized the Agricultural Drought Hazard 357 

Index (ADHI) proposed by Adnan and Ullah (2020). The calculation of the ADHI first requires 358 

determining the primary precipitation season for each station. This is achieved by calculating 359 

the ratio of precipitation received in each season (e.g., autumn, winter, spring, summer) to the 360 

total annual precipitation for each station. Subsequently, the season exhibiting the highest ratio 361 

of seasonal to total annual precipitation is identified as the dominant precipitation regime for 362 
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that station. 363 

Figure 12 illustrates the spatial distribution of these dominant precipitation regimes across Iran 364 

based on data from 62 meteorological stations. According to this analysis, 50 stations are 365 

characterized by a winter precipitation regime. An autumn precipitation regime is dominant for 366 

8 stations, primarily located in Iran’s northern coastal areas along the southern boundaries of 367 

the Caspian Sea. A spring precipitation regime is observed at 4 stations, concentrated in the 368 

country’s northwest. The remaining extensive areas of Iran predominantly experience a winter 369 

precipitation regime (Figure 12). 370 

 371 

 

Figure 12. Precipitation regime (ratio of precipitation received in each season to the total 

annual precipitation) in Iran. 

 372 

A region’s heavy reliance on its primary rainy season can render it more vulnerable to drought 373 

if that season’s precipitation fails (Adnan, 2015, 2016). To account for this, the precipitation 374 

regime of each station was weighted. For this purpose, we first identified the dominant 375 

precipitation season (winter, autumn, or spring) for groups of stations based on their 376 

geographical and climatological characteristics (as previously described for Figure 12). Then, 377 

for all stations within each identified regime, we determined the lowest and highest ratios of 378 

that dominant season’s precipitation to the total annual precipitation. 379 
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• For stations within the winter precipitation regime, seasonal contributions ranged from 380 

32% to 71% of the annual total.  381 

• For stations within the autumn precipitation regime, seasonal contributions ranged from 382 

30% to 49% of the annual total.  383 

• For stations within the spring precipitation regime, seasonal contributions ranged from 384 

31% to 46% of the annual total. 385 

Each of these numerical ranges (min to max seasonal contribution for a given regime) was then 386 

divided into four approximately equal intervals (classes). Each class was assigned a weight 387 

from 1 (representing stations where the dominant season contributes a smaller fraction to the 388 

annual total, thus indicating relatively less vulnerability to that specific season’s failure) to 4 389 

(representing stations where the dominant season contributes a larger fraction, indicating 390 

higher vulnerability). The specific class ranges and assigned weights for each regime are 391 

detailed in Table 6. For instance, within the winter precipitation regime (overall range 32-71%), 392 

stations with seasonal contribution ratios of 32-41% received a weight of 1, 42-51% a weight 393 

of 2, 52-61% a weight of 3, and 62-71% a weight of 4. A similar procedure of dividing the 394 

regime-specific range into four classes was applied to derive the weights for the autumn and 395 

spring precipitation regimes. 396 

The main methodological distinction of this study from that of Adnan and Ullah (2020) lies in 397 

the classification of precipitation regimes. Adnan and Ullah (2020), in their ADHI calculation 398 

for Pakistan, divided precipitation regimes into two broad categories: seasonal precipitation of 399 

Sindh province and seasonal precipitation of other provinces (refer to their Table 3). Such a 400 

division is not readily generalizable to other regions of the world with different climatic 401 

characteristics. Therefore, this study aimed to adapt their approach by introducing a new 402 

classification that encompasses the different types of precipitation regimes found in Iran and 403 

their respective numerical contributions (Table 6). 404 

After determining the precipitation regime for each station (as shown previously in Figure 12) 405 

and assigning the corresponding weights (Table 6), the Agricultural Drought Hazard Index 406 

(ADHI) for each station was calculated. The ADHI calculation also required data on all weak, 407 

moderate, and severe droughts that occurred during the study period at each station on an 408 

annual scale (identified from SPI analysis), as well as the seasonal and annual soil moisture 409 

values at each station (extracted from CPC gridded data, specific to each station’s precipitation 410 

regime). Finally, using Equation 1 (detailed in the Data and Methodology section), the ADHI 411 

for all 62 stations in Iran was computed. The results of this index were classified into five 412 
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categories: ‘extremely high’, ‘high’, ‘moderate’, ‘low’, and ‘very low’, following the 413 

classification scheme presented in Table 4 (which has been previously used by Asrari et al., 414 

2012 and Adnan and Ullah, 2020). 415 

Table 6 Weighting criteria for Iran’s precipitation regimes based on the percentage 416 
contribution of the dominant season to total annual precipitation, used in ADHI calculation. 417 

The range of classes and the weight assigned to each class Precipitation regime 

45-49 40-44 35-39 30-34 autumn 

62-71 52-61 42-51 32-41 winter 

43-46 39-42 35-38 31-34 spring 

4 3 2 1 assigned weight 

 418 
The map of Iran’s Drought Hazard Index is presented in Figure 13. According to this map, 419 

most areas of Iran are vulnerable to drought. However, the central, southern, and southeastern 420 

regions of Iran exhibit higher vulnerability compared to other regions. Out of the 62 studied 421 

stations, 9 stations were found to have an ‘extremely high’ drought hazard, 20 stations were 422 

‘high’, 22 stations were ‘moderate’, 0 stations were ‘low’, and 11 stations were classified with 423 

‘very low’ drought hazard (Figure 13). 424 

According to Iran’s administrative divisions, the provinces of Sistan and Baluchestan, Kerman, 425 

South Khorasan, Hormozgan, Yazd, Razavi Khorasan, and Fars are the most vulnerable 426 

provinces in the country. All these provinces are located in the central, southern, southeastern, 427 

and eastern parts of Iran and are characterized by arid climates. Notably, the two provinces of 428 

Mazandaran and Gilan, located on the southern coasts of the Caspian Sea (northern Iran), which 429 

have humid climates, are also identified among the provinces with high vulnerability to drought 430 

according to this index. The reason for the vulnerability of these provinces, especially the 431 

southern ones, to drought is their heavy reliance on seasonal precipitation, as most of their 432 

significant rainfall occurs only in winter. Therefore, a deficit in this seasonal precipitation has 433 

led to severe droughts in these provinces. Meanwhile, provinces located in the northwest, west, 434 

and northeast demonstrate the lowest vulnerability to drought, which is attributed to the 435 

distribution of their annual precipitation over two or three seasons. 436 
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Figure 13. Iran’s Agricultural Drought Hazard Index (ADHI) map. 

 437 

Conclusions 438 

This study successfully developed the first comprehensive, national-scale Agricultural Drought 439 

Hazard (ADH) map for Iran by synthesizing standardized indices for precipitation (SPI) and 440 

soil moisture (SSMI). The analysis identifies a critical vulnerability corridor spanning the 441 

central, southern, and southeastern regions, classifying them under high to extreme drought 442 

hazard. The primary contribution of this work lies in its integrated methodology; by correlating 443 

and combining meteorological drivers with agricultural impacts (soil moisture deficits) across 444 

Iran’s diverse climatic zones, the study moves beyond single-indicator assessments to provide 445 

a more robust and holistic hazard evaluation. This spatially explicit ADH map serves as an 446 

essential evidence-based tool for policymakers, enabling the prioritization of resources and the 447 

development of targeted adaptation strategies to enhance agricultural resilience in the nation’s 448 

most vulnerable areas. Future research should focus on refining this framework by 449 

incorporating dynamic vulnerability indicators and higher-resolution remote sensing data to 450 

further improve drought early warning systems. 451 

 452 

 453 
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