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Abstract 4 

Iran depends heavily on imports of livestock and poultry feed, making domestic food 5 

production vulnerable to disruptions in international markets. Maize, soybean meal, and barley 6 

were selected because they account for approximately 80% of Iran’s feed imports during the 7 

study period. This study applies Portfolio Theory to decompose import portfolio risk into 8 

systematic and specific components. Systematic risk was estimated using OLS regression 9 

between Iran’s import prices and world prices, while specific risk was calculated from residual 10 

variance adjusted by partner-specific risk profiles derived from the International Country Risk 11 

Guide (ICRG). An additional OLS model was estimated to identify the determinants of specific 12 

risk, including import concentration measured by the Herfindahl–Hirschman Index (HHI), 13 

exchange rate movements, oil revenues, economic complexity, and domestic livestock 14 

production. The results show that systematic risk follows global price volatility, whereas 15 

specific risk is the main source of portfolio vulnerability. Among the selected commodities, 16 

maize exhibits the highest import risk due to its larger import volume and higher residual 17 

variance. The specific risk index reached its lowest level in 2020, reflecting a more balanced 18 

distribution of imports among major producers and relatively low-risk suppliers. Higher import 19 

concentration and exchange rate depreciation significantly increase specific risk, whereas 20 

higher oil revenues reduce it. The findings suggest that import policies should move beyond 21 

simple supplier expansion toward risk-aware diversification and a more balanced distribution 22 

of import shares across trading partners to enhance feed supply resilience and national food 23 

security. 24 

Keywords: Import, Livestock, Portfolio, Poultry, Specific risk, Systematic risk. 25 

 26 

 Introduction 27 

Global per capita meat consumption increased from 41.3 kg in 2015 and is expected to reach 28 

approximately 45.3 kg by 2030 (FAO, 2003). In Iran, per capita meat consumption is lower, at 29 

around 35.5 kg, including 12.5 kg of red meat and 23 kg of chicken (FAO, 2020). Despite 30 
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considerable growth in domestic animal protein production, price volatility remains a major 31 

challenge in Iran’s livestock and poultry sectors (Statistical Centre of Iran, 2021). This 32 

instability is largely driven by feed costs, which account for 60–70% of total red and white 33 

meat production costs (Iran Livestock and Poultry Support Company, 2020). Consequently, 34 

fluctuations in feed availability and prices are transmitted along the meat supply chain, raising 35 

production costs and consumer prices. Due to limited water resources and the lack of 36 

comparative advantage in domestic feed production (Maroufpoor et al., 2021), Iran relies 37 

heavily on imports to meet livestock and poultry feed demand. Annual feed consumption is 38 

approximately 21 million tons, with more than 76% supplied through imports. As shown in 39 

Fig. 1, imports of major feed commodities, including maize, soybean meal, and barley, 40 

increased from less than 4 million tons in 1992 to over 17 million tons in 2020, resulting in 41 

import dependency exceeding 80% (IRICA, 2021). Maize represents the largest share of Iran’s 42 

feed imports, while soybean meal is among the most important imported agricultural 43 

commodities, highlighting the critical role of these commodities in feed supply and food 44 

security (International Trade Centre, 2021; Alizadeh et al., 2019). 45 

 46 

Fig. 1. Import volume of selected livestock and poultry feed commodities in Iran. Source: 47 

Islamic Republic of Iran Customs Administration (IRICA). 48 

 49 

At the same time, international trade in maize, soybean meal, and barley expanded 50 

substantially, with global export volumes increasing from approximately 100 million tons in 51 

2001 to more than 400 million tons in 2020 (Fig. 2). While this expansion has increased the 52 

availability of feed commodities, it has also exposed importing countries to greater risks arising 53 

from global price volatility, geopolitical disruptions, supplier concentration, and country-54 

specific risks. For highly import-dependent countries such as Iran, ensuring a stable feed supply 55 

therefore requires not only securing sufficient import volumes but also selecting an appropriate 56 
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portfolio of trading partners. Consequently, effective import portfolio risk management has 57 

become increasingly important for strengthening food security and supply chain resilience. 58 

 59 

Fig. 2. Global supply of selected livestock and poultry feed commodities. Source: World 60 

Trade Organization (WTO). 61 

 62 

Import security, defined as the continuous availability of essential commodities at reasonable 63 

prices (Baranauskaitė & Jurevičienė, 2021), has become an important concern in international 64 

trade. Risk management originated from Markowitz's (1989) portfolio theory, and this theory 65 

has since been widely applied in several fields, including international business. Initially, 66 

researchers considered diversification to be the primary factor in risk management (Neff, 1997; 67 

Yergin, 2006). However, Vivoda (2009) found that diversification alone cannot be the primary 68 

factor in risk reduction; rather, the selection of low-risk trading partners is the main driver of 69 

risk mitigation in international trade. Ge and Fan (2013) optimized China's crude oil import 70 

portfolio by incorporating exporter-specific factors, including export capacity, crude oil price, 71 

quality, distance to China, political relations with China, and the exporter's oil export strategy. 72 

Within this framework, portfolio risk is decomposed into systematic risk, which arises from 73 

fluctuations in international market prices, and specific risk, which reflects the economic, 74 

political, and trade-related characteristics of individual trading partners (Chen & Yang, 2021; 75 

Ge & Fan, 2013; Ghanizadeh et al., 2022). 76 

 Despite these advances, existing studies have largely focused on energy commodities, 77 

particularly crude oil and natural gas, while portfolio risk management for agricultural import 78 

commodities has received limited attention. Moreover, studies integrating systematic risk, 79 

trading-partner-specific risk, and macroeconomic determinants to assess the risk of feed import 80 

portfolios remain scarce. To address this gap, this study applies Portfolio Theory to construct 81 
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import portfolios based on the observed import shares of individual trading partners in each 82 

year, thereby assessing the risk associated with the existing supplier structure of Iran’s major 83 

imported feed commodities throughout the study period. 84 

Given Iran's heavy dependence on imported livestock and poultry feed commodities, import 85 

security depends not only on import volume but also on the diversification and composition of 86 

trading partners. Although administratively managed or preferential exchange-rate policies 87 

may temporarily reduce exchange-rate uncertainty, import security remains vulnerable to 88 

supplier-specific risks, country risk, global price volatility, trade concentration, and 89 

geopolitical disruptions. Therefore, understanding the structure of import portfolio risk is 90 

essential for strengthening food security and improving supply chain resilience. 91 

Unlike conventional studies that primarily emphasize import costs or exchange-rate effects, 92 

this study evaluates import portfolio risk from a portfolio composition perspective. The import 93 

portfolio of each feed commodity is constructed based on the observed import shares of 94 

individual trading partners in each year, allowing the risk associated with the existing supplier 95 

structure to be assessed over the study period. Accordingly, the study quantifies the relative 96 

contributions of systematic and specific risks to Iran's import portfolio of selected livestock 97 

and poultry feed commodities. 98 

Accordingly, this study contributes to the literature by developing an integrated framework for 99 

agricultural import risk assessment that conceptualizes feed suppliers as a risk-bearing portfolio 100 

under conditions of market uncertainty, trade restrictions, and macroeconomic instability. 101 

Unlike previous studies that mainly emphasize diversification or cost minimization, the 102 

proposed framework jointly evaluates supplier concentration, systematic and specific risks, and 103 

the macroeconomic determinants associated with import risk. By examining the observed 104 

composition of trading partners over time, the framework provides a basis for understanding 105 

how changes in supplier structure are associated with variations in import portfolio risk and for 106 

identifying factors that can inform import-risk management policies. 107 

Given the substantial volume of livestock and poultry feed imports and their significant 108 

implications for environmental sustainability and food security, a robust understanding of 109 

import-related risks is essential. Accordingly, the primary objective of this study is threefold: 110 

to assess the portfolio risk of selected feed commodities under the observed structure of trading 111 

partners over the study period, to identify the key factors associated with variations in portfolio 112 

risk, and to derive policy implications for import risk management. By evaluating portfolio risk 113 

based on the actual distribution of import shares across trading partners in each year, this study 114 



Journal of Agricultural Science and Technology (JAST), 29(4) 

In Press, Pre-Proof Version 
 

5 
 

provides empirical evidence on the relationship between supplier composition and import 115 

portfolio risk and identifies key economic factors that can inform risk-management strategies. 116 

 117 

2. Methodology 118 

This study assesses supplier concentration in Iran’s imports of selected livestock and poultry 119 

feed commodities, decomposes import portfolio risk into systematic and specific components, 120 

and identifies the determinants of specific import risk. Portfolio theory is employed as the 121 

analytical framework, distinguishing systematic risk, which reflects market-wide price 122 

fluctuations beyond individual actors’ control (Sukrianingrum & Manda, 2020; Chen & Yang, 123 

2021), from specific risk, which results from partner-specific financial, economic, political, 124 

institutional, production, and climate-related shocks and can be reduced through diversification 125 

(Tang et al., 2023; Dai et al., 2023). Each supplier country of maize, soybean meal, and barley 126 

is considered an asset in Iran’s import portfolio, with its annual import share representing the 127 

portfolio weight. The overall research framework and methodological sequence are presented 128 

in Fig. 3. 129 

 130 

Fig. 3. Research framework and research steps. 131 
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2.1. Import Concentration Index (Herfindahl–Hirschman Index, HHI) 132 

The Herfindahl–Hirschman Index (HHI) was used to measure the degree of supplier 133 

concentration in Iran's imports of selected livestock and poultry feed commodities. Because 134 

supplier concentration is the inverse of diversification, lower HHI values indicate a more 135 

diversified import portfolio with a more balanced distribution of imports across trading 136 

partners, whereas higher HHI values indicate greater concentration and dependence on a 137 

limited number of suppliers. An HHI value of 1 represents complete concentration, where all 138 

imports originate from a single trading partner, while progressively lower values indicate 139 

greater diversification of import sources (LeeKaivo-oja et al., 2023; Bayramov et al., 2021). 140 

During the study period, Iran imported maize, soybean meal, and barley from more than 20 141 

trading partners with varying import shares. The HHI was calculated as follows (Eq. 1). 142 

𝐼𝑑𝑡𝑗 = √∑ 𝑆2
𝑖𝑗𝑡

𝑛

𝑖=1

      ∀ 𝑗: 𝑀𝑎𝑖𝑧𝑒, 𝑆𝑜𝑦𝑏𝑒𝑎𝑛 𝑚𝑒𝑎𝑙, 𝐵𝑎𝑟𝑒𝑙𝑦 (1) 

where, 𝐼𝑑𝑡𝑗 represents the Herfindahl–Hirschman concentration index (HHI) for imports of 143 

livestock and poultry feed commodity j in year t, 𝑆2
𝑖𝑗𝑡 displays the squared share of the imports 144 

of j commodity of Iran from country i in year t, and n number of countries supplying the 145 

commodity to Iran. The HHI concentration index was calculated separately for maize, soybean 146 

meal, and barley imports. 147 

The aggregate HHI concentration index (𝑇𝐼𝑑𝑡) for Iran's imports of livestock and poultry feed 148 

commodities was then calculated as the weighted average of the HHI concentration indices for 149 

the three commodities, with weights 𝑎𝑗𝑡 corresponding to each commodity's annual share in 150 

total imports (Eq. 2). 151 

𝑇𝐼𝑑𝑡 = ∑ 𝑎𝑗𝑡𝐼𝑑𝑡𝑗

3

𝑗=1

 (2) 

2.2. Import price and world price relationship  152 

The import prices of selected livestock and poultry feed commodities in Iran are influenced not 153 

only by international market prices but also by supplier-specific factors, including 154 

transportation distance, transaction costs, and product quality. To decompose import price risk 155 

into its systematic (market) and specific (partner) components, the relationship between Iran's 156 

import prices and world prices for each commodity was estimated using Eq. (3). 157 

𝑃𝑐𝑗𝑡 = 𝛼𝑗 + 𝛽𝑗  𝑃𝑏𝑗𝑡 + 𝜀𝑗𝑡             ∀ 𝑗: 𝑀𝑎𝑖𝑧𝑒, 𝑆𝑜𝑦𝑏𝑒𝑎𝑛 𝑚𝑒𝑎𝑙, 𝐵𝑎𝑟𝑒𝑙𝑦          (3) 
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where 𝑃𝑐𝑗𝑡 the annual import price of j commodity in Iran in year t (USD/kg), which is 158 

calculated by dividing the import value by the import volume of the selected commodity in that 159 

year, and 𝑃𝑏𝑗𝑡 represents the corresponding annual world price (USD/kg), of j commodity in 160 

year t, obtained from the World Bank commodity price database. Furthermore, 𝜀𝑗𝑡 , 𝛼𝑗, and 𝛽𝑗 161 

illustrate the residual term, intercept, and the estimation coefficient of j commodity which is a 162 

parameter for calculating systematic risk. The residual term (𝜀𝑗𝑡) represents the portion of 163 

fluctuations in Iran's import prices for the commodity that cannot be explained by changes in 164 

world prices. This unexplained component reflects supplier factors and forms the basis for 165 

estimating the specific risk of the import portfolio.  166 

Financial theory provides the conceptual framework for decomposing risk into systematic 167 

(market-driven) and specific (non-systematic) components. International trade theory, in turn, 168 

provides the exogenous benchmark by treating world prices as given for a small open economy 169 

such as Iran (Salvatore & Tripathi, 2025). Accordingly, movements in world prices are used to 170 

identify the systematic component of import-price risk, while the residual variation in Iran's 171 

actual import prices that is not explained by world-price movements represents the non-172 

systematic component. This residual component may reflect factors beyond global market 173 

movements, including exchange costs, tariffs, supplier heterogeneity, trade disruptions, 174 

logistics, domestic policy interventions, and other unobserved factors. 175 

Accordingly, the total import price risk of the selected feed commodities can be decomposed 176 

into two components: (i) systematic risk (𝑆𝑅𝑗𝑡), which is attributable to fluctuations in world 177 

market prices, and (ii) specific risk (𝑆𝑃𝑗𝑡), which captures supplier shocks represented by the 178 

residual term (𝜀𝑗𝑡). Consequently, Eq. (3) can be reformulated as Eq. (4) (Ge & Fan, 2013). 179 

   𝑅𝑗𝑡 = 𝑆𝑅𝑗𝑡 + 𝑆𝑃𝑗𝑡 (4) 

𝑅𝑗𝑡  demonstrates the total import price risk of Iran's portfolio of selected livestock and poultry 180 

feed commodities in year t, which is the sum of the systematic risk (𝑆𝑅𝑗𝑡) and specific risk 181 

(𝑆𝑃𝑗𝑡) (Ge & Fan, 2013; Wabiri & Amusa, 2010). 182 

 183 

2.3. Systematic risk 184 

The systematic risk component captures the influence of global market movements on import 185 

prices. It is determined by the monthly variance of world prices and the estimated price 186 

transmission coefficient from Eq. (3). The systematic risk of commodity j in year t, denoted by 187 

(𝑆𝑅𝑗𝑡) , was calculated using Eq. (5). 188 
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𝛽𝑗
2 is the square of the estimated global price and import price of the selected feed commodity 189 

in Iran, obtained from Eq. (3). 𝑄𝑖𝑗𝑡
2  displays the squared volume of j commodity imports from 190 

country i in year t, and n refers to the number of countries from which Iran imports the 191 

commodity. Additionally, 𝜎𝑗𝑡
2  denotes the monthly variance of the global price of the j 192 

commodity in t year.  193 

The total systematic risk of feed commodity imports in year t, denoted by 𝑇𝑆𝑅𝑡, was then 194 

calculated as the weighted sum of the systematic risk of each commodity (𝑆𝑅𝑗𝑡), as shown in 195 

Eq. (6), where the weights  𝑎𝑗𝑡 represent each commodity's annual share in total feed 196 

commodity imports. 197 

The various effects of import volume in different years were eliminated to calculate the risk 198 

index. Therefore, the squared imported share of the selected livestock and poultry feed 199 

commodities from country i in year t (𝑆𝑖𝑗𝑡
2 ) was used as a substitute for the squared import 200 

quantity (𝑄𝑖𝑗𝑡
2 ) to make the systematic risk index (𝑆𝑅𝐼𝑗𝑡) as Eq. (7). (Wabiri & Amusa, 2010; 201 

Ge & Fan, 2013). 𝑇𝑆𝑅𝐼𝑡 is the total systematic risk index of feed commodity imports. The total 202 

systematic risk index was defined based on Eq. (8). 203 

SRIjt = √∑ 𝛽𝑗
2n

i=1 𝜎𝑗𝑡
2  𝑆𝑖𝑗𝑡

2       ∀ 𝑗: 𝑀𝑎𝑖𝑧𝑒, 𝑆𝑜𝑦𝑏𝑒𝑎𝑛 𝑚𝑒𝑎𝑙, 𝐵𝑎𝑟𝑒𝑙𝑦    (7) 

 204 

2.4. Specific risk 205 

The specific risk component implicitly captures exogenous shocks that are not explained by 206 

world price movements, such as trade disruptions, international sanctions, and other country-207 

specific factors. These effects are reflected through the residual variance and the International 208 

Country Risk Guide (ICRG) country risk ratings incorporated into the risk assessment 209 

framework. 210 

 The specific risk was calculated in three sequential steps. First, the unexplained component of 211 

import price fluctuations was obtained from the residual variance of Eq. (3). Second, use the 212 

𝑆𝑅𝑗𝑡 = ∑ 𝑄𝑖𝑗𝑡
2  𝜎𝑗𝑡 

2 𝛽𝑗
2   

𝑛

𝑖=1

∀ 𝑗: 𝑀𝑎𝑖𝑧𝑒, 𝑆𝑜𝑦𝑏𝑒𝑎𝑛 𝑚𝑒𝑎𝑙, 𝐵𝑎𝑟𝑒𝑙𝑦 (5)  

𝑇𝑆𝑅𝑡 = ∑ 𝑎𝑗𝑡𝑆𝑅𝑗𝑡

3

𝑗=1

 (6)  

TSRIt = ∑ 𝑎𝑗𝑡

3

j=1

SRIjt  (8) 
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inverse of the ICRG country risk rating to account for the financial, economic, and political 213 

risk associated with each trading partner. Finally, the risk contribution of each exporting 214 

country was weighted according to its share in Iran's imports and aggregated across all trading 215 

partners to obtain the annual specific risk. 𝑆𝑃𝑗𝑡   is used to calculate the specific risk rate each 216 

year for importing j commodity in year t as Eq. (9). 𝑇𝑆𝑃𝑡 is the total specific risk of feed 217 

commodity imports. The total specific risk was defined based on Eq. (10), the weights  𝑎𝑗𝑡 218 

represent each commodity's annual share in total feed commodity imports. 219 

𝑆𝑃𝑗𝑡 = ∑
Q𝑖𝑗𝑡

2   𝜀𝑗
2

ωit

n

i=1

       ∀ 𝑗: 𝑀𝑎𝑖𝑧𝑒, 𝑆𝑜𝑦𝑏𝑒𝑎𝑛 𝑚𝑒𝑎𝑙, 𝐵𝑎𝑟𝑒𝑙𝑦 

 

(9) 

 220 

𝑄𝑖𝑗𝑡
2   denotes the squared import quantity of j commodity from country i in year t. 𝜀𝑗

2 is the 221 

variance of the residual term of estimating the world price and import price of commodities in 222 

Iran using Eq. (3). 𝜔𝑖𝑡  indicates the trade risk-adjustment factor assigned to trading partner i in 223 

year t, representing the influence of each exporting country on the import risk of Iran's selected 224 

livestock and poultry feed commodities, as Eq. (11).   225 

𝜔𝑖𝑡 =
1

ICRG 𝑖𝑡
   (11) 

Accordingly, the contribution of each trading partner to portfolio-specific risk depends jointly 226 

on its relative importance in Iran's import structure and its country-risk profile. Countries with 227 

higher import shares have greater exposure within the portfolio, while countries with lower 228 

ICRG scores (indicating higher risk) receive larger risk-adjustment factors. The ICRG index 229 

was selected because it provides a comprehensive assessment of country risk by incorporating 230 

political, financial, and economic dimensions that are directly relevant to international trade 231 

relationships and import reliability. Because the original ICRG index is positively oriented, 232 

with higher values representing lower country risk, the direct use of the original score would 233 

assign a larger risk contribution to safer countries and underestimate the contribution of riskier 234 

suppliers. Therefore, the inverse transformation of the ICRG score was applied to construct 235 

country-specific risk-adjustment factors. This transformation converts the index into a risk-236 

oriented measure in which countries with higher country risk receive larger risk-adjustment 237 

values, providing a consistent interpretation of country risk exposure within the import 238 

𝑇𝑆𝑃𝑡 = ∑ 𝑎𝑗𝑡

3

j=1

𝑆𝑃𝑗𝑡   (10) 
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portfolio framework. ICRG index is based on 22 variables grouped into three dimensions: 239 

political risk (PR), financial risk (FR), and economic risk (ER). The PR, FR, and ER 240 

components are scored on scales of 100, 50, and 50 points, respectively. The combined risk 241 

score is calculated by aggregating these components, with PR, FR, and ER accounting for 50%, 242 

25%, and 25% of the total score, respectively. The resulting index ranges from 0 to 100, where 243 

higher values indicate lower country risk. Based on the ICRG classification, countries are 244 

categorized from very low risk o very high risk. Finally, the inverse of the composite ICRG 245 

score was then used to derive the country-specific risk-adjustment factors employed in Eq. (9). 246 

After calculating the contribution of each trading partner, the weighted risks are aggregated to 247 

derive the specific risk index of the import portfolio. The specific risk index was defined based 248 

on Eq. (12), 𝑆2
𝑖𝑗𝑡 is the square of the imported share of j commodity from country i in year t, 249 

which is replaced by the square of the import quantity (𝑄𝑖𝑗𝑡
2 ). 𝑇𝑆𝑃𝐼𝑡 denotes the total specific 250 

risk index of feed commodity imports in year t, while the weights 𝑎𝑗𝑡 represent the annual 251 

import share of commodity j in total feed commodity imports in year t, calculated according to 252 

Eq. (13). 253 

𝑆𝑃𝐼𝑗𝑡  = √∑
𝑆2

𝑖𝑗𝑡  𝜀𝑗
2

ωit

𝑛

𝑖=1
      ∀ 𝑗: 𝑀𝑎𝑖𝑧𝑒, 𝑆𝑜𝑦𝑏𝑒𝑎𝑛 𝑚𝑒𝑎𝑙, 𝐵𝑎𝑟𝑒𝑙𝑦    (12) 

 254 

The portfolio risk (𝑇𝑅𝑡) was calculated as the sum of the systematic (𝑇𝑆𝑅𝑡) and specific risk 255 

values (𝑇𝑆𝑃𝑡) presented in Eqs. (14) , whereas the portfolio risk index (𝑇𝑅𝑡𝐼) was calculated 256 

as the sum of the corresponding systematic (𝑇𝑆𝑅𝐼𝑡) and specific risk indixes (𝑇𝑆𝑃𝐼𝑡), as 257 

presented in Eqs. (15):  258 

𝑇𝑅𝑡 = 𝑇𝑆𝑅𝑡 + 𝑇𝑆𝑃𝑡                  (14) 

𝑇𝑅𝑡𝐼 = 𝑇𝑆𝑅𝐼𝑡 + 𝑇𝑆𝑃𝐼𝑡     (15) 

2.5. Variables affecting the specific risk index  259 

The total specific risk index of Iran's feed commodity imports is affected by several factors 260 

beyond global price fluctuations. Therefore, the effects of selected macroeconomic variables 261 

and the import diversification index on the total specific risk index (𝑇𝑆𝑃𝐼𝑡) were investigated. 262 

Accordingly, the following regression model was estimated: 263 

 (16) 𝑇𝑆𝑃𝐼𝑡  = 𝛽0 + 𝛽1𝑇𝐼𝑑𝑡  + 𝛽2𝐸𝐶𝐼𝑏𝑡  + 𝛽3𝑋𝑑𝑡 + 𝛽4𝑋𝑒𝑡 + 𝛽5𝑋𝑔𝑡 + 𝛽6𝑋ℎ𝑡 + 𝜀𝑡 

𝑇𝑆𝑃𝐼𝑡 = ∑ 𝑎𝑗𝑡

3

j=1

𝑆𝑃𝐼𝑗𝑡   (13) 
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In Eq. (16) where 𝛽0 is the intercept, 𝑇𝐼𝑑𝑡 refers to the Herfindahl–Hirschman Concentration 264 

Index (HHI) of selected livestock and poultry feed commodities. Import concentration, 265 

measured by the Herfindahl–Hirschman Index (HHI), was treated as an explanatory variable 266 

because it represents the observed structure of Iran's import portfolio in each year. The 267 

objective of the analysis is to examine the association between portfolio structure and the 268 

specific risk index rather than to estimate a simultaneous causal relationship. 𝐸𝐶𝐼𝑏𝑡 represents 269 

the economic complexity index (ECI), which measures the characteristics of the products 270 

produced in economic systems in the countries. The ECI seeks to explain the knowledge 271 

accumulated in the population of a country (networks formed by people to produce goods) ,and 272 

its result can be observed in the industrial composition of countries. A combination of product 273 

diversity and comprehensiveness criteria are used to measure the relative export complexity of 274 

countries. ECI was developed by Cesar Hidalgo from the Massachusetts Institute of 275 

Technology (MIT) and Ricardo Hausmann from Harvard University. Iran's Economic 276 

Complexity Index (ECI) was included as an explanatory variable because it reflects the 277 

country's productive capabilities and structural sophistication. Greater economic complexity 278 

enhances the economy's ability to diversify production, adapt to external trade shocks, and 279 

improve supply chain resilience. Consequently, changes in economic complexity are expected 280 

to influence the specific risk associated with the feed import portfolio. 𝑋𝑑𝑡 represents the 281 

variable for real exchange-rate depreciation, while 𝑋𝑒𝑡 represents the variable for real 282 

exchange-rate appreciation. These two variables are constructed based on the annual change in 283 

the real exchange-rate index relative to the previous year. Specifically, 𝑋𝑑𝑡 takes the value of 284 

the positive change in the real exchange-rate index when the index increases relative to the 285 

previous year, and zero otherwise. Conversely, 𝑋𝑒𝑡 takes the value of the negative change when 286 

the real exchange-rate index decreases relative to the previous year, and zero otherwise. Under 287 

the definition of the real exchange-rate index used in this study, an increase in the index 288 

represents a depreciation of the Iranian rial, whereas a decrease represents an appreciation. 289 

Since Iran is an oil-dependent country, 𝑋𝑔𝑡, as the oil revenue logarithm of Iran is considered 290 

in that year. 𝑋ℎ𝑡 is the growth of domestic livestock and poultry production in Iran.  Because 291 

both the HHI and the constructed specific-risk index are based, in part, on the observed 292 

distribution of import shares across trading partners, a potential mechanical relationship exists 293 

between these measures. Therefore, the estimated regression relationships are interpreted as 294 

associations rather than causal effects. 295 
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 Table 1 summarizes the variables used in this study, including their definitions, units of 296 

measurement, data sources, and time coverage. The empirical analysis is based on annual data 297 

for the period 1992–2020. Following the small-country assumption in international trade 298 

theory, Iran is assumed to be a price taker in the international market for the selected livestock 299 

and poultry feed commodities. Accordingly, the import price of each commodity in Iran is 300 

measured as its annual import unit value, calculated by dividing the total import value by the 301 

corresponding import quantity, using data from the Islamic Republic of Iran Customs 302 

Administration (IRICA). The corresponding world prices reported by the World Bank are used 303 

as the international reference prices in the empirical analysis and are treated as exogenous to 304 

Iran. 305 

Table 1. Description of variables used in this study. 306 
Variable Description Unit Data Source Reference 

𝑄𝑖𝑡 Annual imports of soybean meal, maize, 

and barley by trading partner 

10 e4 tons Iran Customs 

Administration 

(IRICA) 

Iran Customs 

Administration 

(2021) 

𝑆𝑖𝑡 Annual share of each exporting country in 

Iran's imports 

Percentage 

(%) 

Calculated from 

IRICA data 

Author's 

calculations 

𝑎𝑗𝑡 The share of commodities of soybean 

meal, barley, and maize from the total 

import volume of livestock and poultry 

feed commodities 

- Calculated from 

IRICA data 

Author's 

calculations 

𝑃𝑐𝑗𝑡 Domestic imported price: Import value 

divided by import quantity 

US$/kg Calculated from 

IRICA data 

Author's 

calculations 

𝑃𝑏𝑗𝑡 World price: Annual international market 

price of selected commodity 

US$/Kg World Bank 

Commodity Price 

Data 

World Bank (2021) 

𝜎𝑗𝑡 Monthly variance of the global price of the 

selected commodity 

US$/Kg World Bank 

Commodity Price 

Data 

Author's 

calculations 

𝜔𝑖𝑡 Trade risk-adjustment factor: Political, 

economic, and financial risk of trading 

partners 

Index International 

Country Risk Guide 

(ICRG) 

PRS Group (2021) 

𝐸𝐶𝐼𝑏𝑡 Iran's Economic Complexity Index Index Atlas of Economic 

Complexity 

Harvard Growth 

Lab (2021) 

𝑋𝑑𝑡 Real exchange rate reduction Percentage Central Bank of 

Iran 

Author's 

calculations 

𝑋𝑒𝑡 Real exchange rate enhancement Percentage Central Bank of 

Iran 

Author's 

calculations 

 

𝑋ℎ𝑡 
 

Annual fluctuations in domestic livestock 

and poultry production 

Tons 

 
 

Statistical Centre of 

Iran 

Statistical Centre of 

Iran (2021) 

𝑋𝑔𝑡 logarithm of oil export revenue of Iran Million Dollar World Bank World Bank (2021) 

 307 

3. Results and discussion 308 

3.1. Herfindahl–Hirschman Concentration Index (HHI) of Iran's livestock and poultry 309 

feed import portfolio  310 

Figure 4 presents the evolution of the Herfindahl–Hirschman Index (HHI) for Iran’s livestock 311 

and poultry feed import portfolio over the period 1992–2020. The results show a general 312 

decline in the HHI, indicating that the number of supplying countries increased over time, 313 



Journal of Agricultural Science and Technology (JAST), 29(4) 

In Press, Pre-Proof Version 
 

13 
 

resulting in lower supplier concentration and a more balanced distribution of import shares 314 

among trading partners. This section therefore examines the evolution of import concentration 315 

and identifies the major suppliers that shaped Iran’s feed import portfolio during the study 316 

period. 317 

During the early period (1992–2002), Iran’s imports remained highly concentrated in Brazil 318 

and Argentina, despite the entry of additional suppliers. The portfolio HHI reached its highest 319 

value of 0.73 in 2002, while the lowest value (0.33) occurred when imports were distributed 320 

among several suppliers, including the United States, Argentina, Australia, India, and South 321 

Africa. Although China and India entered the import portfolio during this period, their 322 

relatively small shares had a limited effect on overall diversification 323 

Between 2003 and 2011, the import portfolio changed substantially due to the increasing role 324 

of intermediary trading countries, particularly Switzerland and the United Arab Emirates. 325 

However, the reduction in concentration was limited, as the portfolio HHI remained between 326 

0.37 and 0.61, reflecting the continued dominance of a few major suppliers. In some years, 327 

more than half of total imports came from a single country, indicating persistent supplier 328 

concentration. 329 

During 2012–2020, import volumes increased significantly, exceeding 17 million tonnes in 330 

2019, and the number of trading partners reached fourteen. Although the HHI declined to its 331 

lowest value of 0.32 in 2020, the import portfolio remained concentrated. Major suppliers, 332 

including the United Kingdom, Turkey, the United Arab Emirates, the Netherlands, and 333 

Switzerland, still accounted for most imports. These results show that portfolio expansion was 334 

mainly achieved through increased imports from a limited number of dominant suppliers rather 335 

than a more balanced distribution among trading partners. 336 

Commodity-level results show a similar pattern. Soybean meal had the largest decline in 337 

supplier concentration, with the HHI decreasing from 0.93 in 1997 to 0.37 in 2016. Maize 338 

concentration also declined, with the HHI falling from 1.00 in 2000 to 0.32 in 2020, while 339 

barley showed a smaller reduction from 1.00 to 0.34 during the study period. 340 

Overall, all three commodities experienced lower supplier concentration and greater 341 

diversification over time, however, the results indicate that increasing the number of trading 342 

partners alone is not enough to reduce concentration. The level of concentration mainly 343 

depends on the distribution of import shares among suppliers. Therefore, despite expanding 344 

Iran’s trading network, imports remained concentrated among a few major exporters in many 345 

years, limiting the formation of a more balanced import portfolio. 346 
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 347 

Fig. 4. HH Index of import of Soybean meal, Barley, Maize (𝐼𝑑𝑡), and aggregate HHI (𝑇𝐼𝑑𝑡)  348 

in Iran. 349 

 350 

3.2. Price Analysis and Relationship Between Iran's Import Prices and World Prices of 351 

Selected Livestock and Poultry Feed Commodities During 1992–2020 352 

Figure 5 shows the trends in Iran’s import prices and world prices for soybean meal, maize, 353 

and barley during 1992–2020. For all three commodities, import prices were consistently 354 

higher than world prices due to transportation, insurance, transaction, and intermediary costs. 355 

A common pattern across the three markets was the sharp price increase during 2007–2013, 356 

followed by a gradual decline after 2014 as global supply conditions improved and 357 

international markets became more stable. 358 

Maize prices remained relatively stable until 2005 but increased sharply after 2007, reaching 359 

their highest level in 2013. The decline after 2014 was associated with higher global exports, 360 

particularly from Brazil, the United States, Argentina, and Ukraine, which are major players in 361 

the international maize market (WTO, 2021). However, Iran’s import prices remained above 362 

world prices and declined more slowly, indicating the continued impact of transportation, 363 

transaction, and intermediary costs. 364 

Soybean meal had the highest price level and the greatest volatility among the three 365 

commodities. Prices increased significantly during 2007–2013, with the largest gap between 366 

world and import prices occurring around 2013. Since the global soybean meal market is highly 367 

concentrated, with Brazil, the United States, and Argentina accounting for most exports, supply 368 

shocks and export policies in these countries strongly affect world prices (WTO, 2021). Despite 369 
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declining global prices after 2014 due to increased production and exports, Iran’s import prices 370 

remained substantially higher, suggesting incomplete transmission of global price reductions. 371 

Barley showed a similar pattern, with stable prices before 2007, a sharp increase during 372 

2007–2013, and a decline afterward. Unlike soybean meal and maize, barley trade is less 373 

concentrated, with exports shared among France, Australia, Ukraine, and the Russian 374 

Federation, making prices more sensitive to production and export changes in these countries 375 

(WTO, 2021). Although both world and import prices decreased after 2014, Iran’s import 376 

prices remained above global levels, indicating the continued role of import-related costs. 377 

 378 

Fig. 5. World price and import price of Soybean meal, Barley, and Maize. 379 

Before estimating the regression model, the stationarity properties of the variables were 380 

examined. The detailed results of the unit root tests are reported in Appendix Table 1A. The 381 

relationships were estimated using OLS (Table 2). As no ARCH effect was detected, GARCH 382 

estimation (Engle, 1982; Engle et al., 1986) was unnecessary. The estimated coefficients 383 

indicate strong price transmission from international to domestic markets. Among the three 384 

commodities, barley exhibited the strongest price transmission from world markets, whereas 385 

soybean meal and maize experienced comparatively lower transmission effects. A one-dollar 386 

increase in the world price increased Iran's import price by approximately 1.1 US dollars for 387 

soybean meal, 1.7 US dollars for barley, and 1.2 US dollars for maize. The soybean meal 388 

estimate is consistent with the law of one price and supports the findings of Martignone et al. 389 

(2022), indicating a high degree of market integration. The relatively high price transmission 390 

coefficient estimated for barley suggests that Iran's import price is more sensitive to 391 
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fluctuations in world market prices than those of soybean meal and maize. This greater 392 

sensitivity may reflect differences in trading arrangements, procurement timing, intermediary 393 

trading channels, and transaction and logistics costs associated with barley imports. In addition, 394 

institutional arrangements related to import procurement and market regulation may amplify 395 

the transmission of international price shocks to domestic import prices. Therefore, the 396 

estimated coefficient should be interpreted as reflecting not only global price movements but 397 

also the characteristics of the import supply chain and trading arrangements. 398 

Given the limited number of annual observations (29 observations), the estimated OLS models 399 

were evaluated using standard diagnostic tests for model adequacy. The Jarque–Bera test was 400 

used to assess the normality of the residuals, the Ramsey RESET test to examine potential 401 

functional-form or specification errors, and the Breusch–Godfrey LM test to detect serial 402 

correlation. The results provided no evidence of significant non-normality, specification error, 403 

or residual autocorrelation. In the price-transmission equations, an AR(1) specification was 404 

incorporated to account for first-order serial correlation in the disturbance process. These 405 

diagnostic tests support the adequacy of the estimated specifications.  406 

Table 2. The results of estimating the relationship between the import price and the world 

price of selected livestock and poultry feed commodities. 
 Soybean meal Barley Maize 

Variable Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error 

C 0.0001 0.02 0.005 0.02 0.02** 0.01 

World Price 1.1*** 0.02 1.7*** 0.19 1.2*** 0.05 

AR(1) 0.31 0.18 0.4 0.2 0.06 0.21 

SIGMASQ 0.0008*** 0.0002 0.0008 0.0002 0.0002*** 0.000006 

R2 0.95  0.85  0.95  

F statistic 159.38***  49.33***  177.45***  

DW 1.77  1.89  1.96  

Test  Value Prob Value Prob Value Prob 

ARCH effect 0.90 0.35 0.01 0.91 0.11 0.73 

LM test 2.89 0.11 2.22 0.12 0.15 0.85 

Ramsey RESET Test 0.5 0.61 0.04 0.96 0.68 0.98 

***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.  407 

3.3. The systematic and specific risk of the portfolio  408 

After estimating the price relationships, total import portfolio risk was decomposed into 409 

systematic and specific components. Figure 6 illustrates the changes in total portfolio risk for 410 

selected feed commodities during the study period. Overall, portfolio risk increased 411 

substantially from 42.23 in 1992 to 1,021.28 in 2020, reaching a maximum of 1,425.73 in 2017 412 

(Fig. 6). Although annual fluctuations reflected changes in international markets and import 413 

composition, the long-term increase was mainly driven by the expansion of feed imports after 414 

2001, which increased Iran’s exposure to global markets. 415 

The decomposition results show that specific risk was the main contributor to total portfolio 416 
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risk during most of the study period. After 2001, supplier-related risk increased significantly 417 

and accounted for the largest share of total risk, with maize contributing the most due to its 418 

dominant import share and higher commodity-specific risk. In contrast, systematic risk showed 419 

greater annual fluctuations, particularly after 2007 during the 2008 global financial crisis and 420 

the 2010–2012 climate-related shocks, but remained lower than specific risk, indicating the 421 

main role of supplier-related factors in overall import vulnerability. 422 

 423 

Fig. 6. The systematic and specific risk of the portfolio in Iran of feed commodities import 424 

during the period 1992-2020. 425 

 426 

Specific risk was very low in the early years and reached its minimum in 2000, when import 427 

volumes were lowest. After 2000, it increased considerably, with differences across 428 

commodities showing the important role of both import volumes and supplier composition. 429 

Figures 7–9 present the changes in specific risk for Iran’s maize, soybean meal, and barley 430 

import portfolios during 1992–2020 and the contribution of each trading partner. Trading 431 

partners with less than 1% of annual imports were excluded for clarity. 432 

Among the three commodities, maize consistently had the highest specific risk. After 433 

increasing to 250.7 in 2001, maize-specific risk remained high and reached a maximum of 434 

1,381.8 in 2017. Although it declined slightly afterward, it remained above 900 during 2018–435 

2020. At its peak, maize-specific risk was approximately 37 and 46 times higher than the peak 436 

values of soybean meal and barley, respectively, indicating that maize was the main source of 437 

specific risk in Iran’s feed import portfolio. 438 
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 439 

Fig. 7. The specific risk of the maize import portfolio during 1992-2020. 440 

Soybean meal showed a lower but increasing specific risk. After remaining below 3 throughout 441 

the 1990s, its risk increased after 2001, with peaks in 2010, 2013, 2015, and 2017–2019. The 442 

highest value was recorded in 2019 (37.02), declining to 13.29 in 2020. Compared with maize, 443 

soybean meal showed a smoother risk pattern, suggesting a relatively more stable supplier 444 

structure. 445 

 446 
Fig. 8. The specific risk of the soybean meal import portfolio during 1992-2020. 447 
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Barley had the lowest specific risk during most of the study period. Its risk remained close to 448 

zero until the early 2000s and generally below 6 through 2016. However, it increased after 449 

2017, reaching a maximum of 30.00 in 2019 before declining to 7.54 in 2020. Despite having 450 

the lowest absolute risk level, the increase after 2017 indicates growing vulnerability of barley 451 

imports to supplier-specific risks. 452 

 453 
Fig. 9. The specific risk of the barley import portfolio during 1992-2020. 454 

3.4. The systematic and specific risk index of the portfolio  455 

The absolute systematic risk, specific risk, and total portfolio risk measures presented earlier 456 

reflect the magnitude of risk in Iran’s livestock and poultry feed imports. Since these measures 457 

are based on import quantities, they are affected by changes in import scale, meaning that 458 

higher import volumes can increase absolute risk even without changes in supplier 459 

composition. To allow comparisons across years and commodities, standardized risk indices 460 

were developed using the import shares of trading partners instead of import quantities. These 461 

indices remove the effect of import size and measure the relative structure and distribution of 462 

portfolio risk, allowing consistent comparisons of systematic and specific risk over time. 463 

Figure 10 presents the systematic risk index, specific risk index, and total portfolio risk index 464 

of Iran’s soybean meal, maize, and barley import portfolio during 1992–2020. The total 465 
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portfolio risk index remained relatively stable over the study period, ranging from 0.080 to 466 

0.206, despite the increase in absolute portfolio risk. The highest value (0.206) was observed 467 

in 2008, while the lowest (0.080) occurred in 2019. 468 

The systematic risk index showed greater fluctuations over time, reaching its maximum value 469 

(0.117) in 2008 during the global financial crisis and remaining relatively high during the 470 

climate-related food price shocks of 2010–2012. Its subsequent decline, with moderate 471 

increases including in 2020, suggests that systematic risk was mainly driven by external market 472 

shocks rather than structural changes in the import portfolio. Risk decomposition shows that 473 

specific risk constituted the dominant component of total portfolio risk. Despite the substantial 474 

growth in livestock feed imports, the specific risk index remained relatively stable, ranging 475 

from 0.061 to 0.181, and exceeded the systematic risk index in most years. 476 

 477 

Fig. 10. Systematic and specific risk indexes of Iran's import portfolio for selected livestock 478 

and poultry feed commodities during 1992–2020. 479 

 480 

Figure 11 presents the systematic risk index for Iran's imports of soybean meal, maize, and 481 

barley during 1992–2020. The systematic risk index remained relatively low during most of 482 

the study period but increased substantially during episodes of global market instability, 483 

particularly in 2008. Soybean consistently exhibited the highest systematic risk index among 484 

the three commodities, while maize generally recorded the lowest values. Barley showed an 485 

intermediate level of systematic risk, with notable increases during the 2008 food price crisis 486 

and again in 2013–2014. 487 
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 489 
Fig. 11. Systematic risk index of Iran's import portfolio for selected livestock and poultry feed 490 

commodities during 1992–2020. 491 

 492 

Figure 12 presents the specific risk index of Iran’s soybean meal, maize, and barley import 493 

portfolios during 1992–2020. Among the three commodities, maize consistently showed the 494 

highest specific risk index, ranging from 0.031 to 0.119, with the maximum value recorded in 495 

2000 (0.1186). Although maize-specific risk declined after 2013, it reached 0.0309 in 2020. 496 

Soybean meal exhibited an intermediate level of specific risk index, fluctuating between 0.013 497 

and 0.033, with the highest value observed in 2001 (0.0332), followed by a decline and 498 

stabilization at approximately 0.014–0.016 after 2014. Barley had the lowest specific risk index 499 

in most years, ranging from 0.012 to 0.037, with a peak of 0.0374 in 2000, and remained 500 

relatively stable during the last decade. 501 

 502 
Fig. 12. Specific risk index of Iran's import portfolio for selected livestock and poultry feed 503 

commodities during 1992–2020. 504 
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3.5. Examining the variables affecting the specific risk index of Iran's import portfolio 505 

for selected livestock and poultry feed commodities 506 

As a prerequisite for the regression analysis, unit root tests were conducted to examine the 507 

stationarity of the variables (Appendix Table 2A). The results indicate that all variables are 508 

stationary in levels (I(0)), confirming the appropriateness of the subsequent OLS estimation. 509 

Table 3 presents the estimation results for the determinants of the specific risk index of Iran's 510 

import portfolio for selected livestock and poultry feed commodities. The estimated model 511 

exhibits strong explanatory power (R² = 0.85) and is statistically significant overall (F = 19.87, 512 

p < 0.01), indicating that the selected variables explain a substantial proportion of the variation 513 

in specific risk. 514 

The real exchange rate also has a significant influence on the specific risk index. The estimated 515 

positive coefficient indicates that real exchange rate depreciation increases the specific risk 516 

index, whereas a 1% appreciation of the real exchange rate reduces it by approximately 0.02 517 

units. This finding is consistent with Iran's heavy dependence on imported livestock and poultry 518 

feed commodities. Currency depreciation raises the domestic cost of imports, reduces 519 

importers' purchasing power in international markets, and increases uncertainty in procurement 520 

decisions. As a result, importers have less flexibility to diversify sourcing or select lower-risk 521 

trading partners, leading to a higher level of supplier-specific risk within the import portfolio. 522 

Oil revenues exhibit a negative and statistically significant relationship with the specific risk 523 

index. Specifically, a 1% increase in oil revenues reduces the specific risk index by 524 

approximately 0.003 units. Higher oil revenues improve the availability of foreign exchange, 525 

facilitate import financing, and provide greater flexibility in selecting reliable trading partners. 526 

Consequently, importers can avoid excessive dependence on a limited number of suppliers, 527 

thereby reducing supplier-specific risk within the import portfolio. 528 

In contrast, the Economic Complexity Index (ECI), real exchange rate appreciation, and 529 

changes in domestic livestock production had no statistically significant effects on the specific 530 

risk index. The results indicate that specific risk was mainly driven by import concentration 531 

(HHI), exchange rate dynamics, and foreign exchange availability, rather than broader 532 

economic structures or short-term production changes. Diagnostic tests confirmed model 533 

reliability, as the ARCH, Breusch–Godfrey LM, and Ramsey RESET tests showed no evidence 534 

of heteroskedasticity, serial correlation, or functional form problems. Moreover, the Durbin–535 

Watson statistic (1.9) confirmed that residual autocorrelation was not a concern. 536 

 537 
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Table 3. Determinants of the specific risk index of Iran's imports of selected livestock and 538 

poultry feed commodities. 539 
Variable Coefficient Std. Error 

C ***0.085 0.03 

𝑇𝐼𝑑𝑡 ***0.069 0.00 

𝐸𝐶𝐼𝑏𝑡 -0.004 0.00 

𝑋𝑑𝑡 *0.021 0.01 

𝑋𝑒𝑡 -0.002 0.00 

𝑋𝑔𝑡 *-0.003 0.00 

𝑋ℎ𝑡 0.002 0.00 

R2 0.85  

F statistic 19.87***  

DW 1.9  

Test Prob Value  

ARCH Effect 0.64 0.22  

LM 0.8 0.22  

Ramsey RESET 0.14 2.18  

***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. 540 

Conclusions  541 

This study examined Iran’s livestock and poultry feed import portfolio during 1992–2020 by 542 

analyzing import concentration, price transmission, and the determinants of import risk. The 543 

findings show that although import volumes increased substantially, the Herfindahl–544 

Hirschman Index (HHI) declined and the number of trading partners increased, indicating 545 

gradual diversification of import sources. However, Iran’s import network includes both 546 

producing and intermediary (re-exporting) countries, highlighting the complexity of supplier 547 

relationships. Therefore, the resilience of the feed import portfolio depends not only on global 548 

market conditions but also on domestic economic factors and supplier composition. 549 

The results indicate that all three feed commodities are strongly affected by international prices, 550 

confirming Iran’s role as a price taker in global feed markets. Among the commodities, barley 551 

showed the highest price transmission, suggesting greater exposure to external price shocks 552 

and the need to improve supply chain efficiency and reduce vulnerability to international 553 

market fluctuations. 554 

Portfolio risk analysis shows that specific risk is the main source of total import risk, while 555 

international price fluctuations contribute less. This finding highlights the importance of 556 

supplier characteristics and portfolio structure in determining import vulnerability. Among the 557 

commodities, maize showed considerably higher specific risk than soybean meal and barley, 558 

indicating the need for commodity-specific risk management strategies. 559 

Although absolute import risk increased over the study period, the decline in the specific risk 560 

index suggests improvements in supplier selection and portfolio management. However, during 561 

periods of intensified economic sanctions, import concentration, specific risk, and price 562 
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transmission increased, demonstrating the negative impact of geopolitical constraints on import 563 

resilience. 564 

The determinants of specific risk provide important policy implications. A diversified portfolio 565 

based on reliable and lower-risk suppliers can reduce import risk. In addition, exchange-rate 566 

stability is essential for improving the resilience of agricultural imports. The negative 567 

relationship between oil revenues and specific risk suggests that improving market efficiency 568 

and strengthening market-based supplier selection mechanisms can contribute to better 569 

allocation of import sources. 570 

However, diversification strategies should consider Iran’s trade restrictions, sanctions, 571 

financial limitations, and logistical constraints. Therefore, the objective should not be 572 

unrestricted replacement of suppliers, but rather improving the composition of feasible and 573 

reliable suppliers. Establishing a dedicated import risk monitoring unit within the Ministry of 574 

Agriculture or related institutions could support continuous assessment of supplier 575 

concentration, country risk, exchange-rate exposure, and global market conditions. Monitoring 576 

indicators such as HHI, specific risk indexes, and supplier risk profiles, together with a formal 577 

ranking system for trading partners, would improve procurement decisions and strengthen the 578 

resilience of the feed import system. 579 

Several limitations should be noted. First, specific risk was estimated using the residual 580 

component, which may include unobserved factors and other sources of uncertainty. Although 581 

the determinants of specific risk were examined, future studies could incorporate additional 582 

supplier-level characteristics. Second, exchange-rate effects were captured using separate 583 

variables for appreciation and depreciation; future research could apply nonlinear models or 584 

structural-break approaches to examine possible asymmetric effects across different exchange-585 

rate regimes. Third, the analysis covers the period 1992–2020; therefore, the findings should 586 

be interpreted within this historical period and not as direct evidence of current import-policy 587 

conditions. Future research should update the database and examine post-2020 developments, 588 

while higher-frequency data (daily, monthly,...) could be used to capture short-term risk 589 

dynamics and temporary supply disruptions. 590 

For future import planning, suppliers with established trading relationships and lower country-591 

risk profiles should be considered. Although the 2020 import portfolio had the lowest specific-592 

risk index during the study period, its supplier structure should be viewed only as a historical 593 

reference for comparison with import portfolios in subsequent years, rather than as an optimal 594 

portfolio. 595 
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Table 2A. The results of the stationarity test of the variables with the Augmented Dickey-Fuller test. 
Result Prob t-Statistic Variable 

I(0) 0.01 -2.93** 𝐼𝑐𝜀𝑡𝑗  

I(0) 0.00 -2.94*** 𝐸𝐶𝐼𝑏𝑡 

I(0) 0.05 -3.54** 𝑋𝑑𝑡 

I(0) 0.00 -5.3*** 𝑋𝑒𝑡 

I(0) 0.09 -1.71* 𝑋𝑔𝑡 

I(0) 0.00 -4.78*** 𝑋ℎ𝑡 

***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. 673 

 674 

 675 

Table 1A. The results of the stationarity test of the variables with the Augmented Dickey-Fuller test. 

Result Prob t-Statistic Variable 

I(0) 0.00 -3.03*** Import price  
Soybean meal 

I(0) 0.05 -3.6** World price 

I(0) 0.07 -3.35* Import price  
Barley 

I(0) 0.06 -1.9* World price 

I(0) 0.02 -3.26** Import price 
Maize 

I(0) 0.09 -2.47* World price 

***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively 

 



    I  d t j =    ∑  i = 1  n      S 2  i j t             ∀   j : M a i z e , S o y b e a n   m e a l ,   B a r e l y


    I  d t j


      S 2  i j t


  T   I  d t


    a  j t


  T   I  d t =   ∑  j = 1 3    a  j t   I  d t j


      P  c j t =   𝛼  j +   𝛽  j     P  b j t + 𝜀  j t                           ∀   j : M a i z e , S o y b e a n   m e a l ,   B a r e l y            


    P  c j t


    P  b j t


    𝜀  j t


    𝛼  j


    𝛽  j


    𝜀  j t


    S R  j t


    S P  j t


    𝜀  j t


          R  j t =   S R  j t +   S P  j t


    R  j t  


    S R  j t


    S P  j t


    S R  j t


    S R  j t =   ∑  i = 1  n    Q  i j t 2     𝜎  j t   2   𝛽  j 2       ∀   j : M a i z e , S o y b e a n   m e a l ,   B a r e l y


    𝛽  j 2


    Q  i j t 2


    𝜎  j t 2


    T S R  t


    S R  j t


    a  j t


    T S R  t =   ∑  j = 1 3    a  j t   S R  j t


    S  i j t 2


    Q  i j t 2


    S R I  j t


    T S R I  t


   SRI jt =    ∑  i = 1 n    𝛽  j 2   𝜎  j t 2     S  i j t 2             ∀   j : M a i z e , S o y b e a n   m e a l ,   B a r e l y


   TSRI t =   ∑  j = 1 3    a  j t  SRI jt  


      S P  j t  


    T S P  t


    a  j t


    S P  j t =   ∑  i = 1 n     Q  i j t 2         𝜀  j 2   ω it               ∀   j : M a i z e , S o y b e a n   m e a l ,   B a r e l y


    T S P  t =   ∑  j = 1 3    a  j t   S P  j t  


    Q  i j t 2


      𝜀  j 2


    𝜔  i t  


    𝜔  i t =  1    ICRG    i t  


      S 2  i j t  


    Q  i j t 2


      T S P I  t


    a  j t


    S P I  j t   =    ∑  i = 1  n        S 2  i j t         𝜀  j 2   ω it             ∀   j : M a i z e , S o y b e a n   m e a l ,   B a r e l y


    T S P I  t =   ∑  j = 1 3    a  j t   S P I  j t  


    T R  t


  T   S R  t


  T   S P  t


    T R  t I


  T   S R I  t


  T   S P I  t


    T R  t = T   S R  t + T   S P  t


    T R  t I = T   S R I  t + T   S P I  t


   


    T S P I  t


      T S P I  t   =   𝛽 0 +   𝛽 1 T   I  d t   +   𝛽 2   E C I  b t   +   𝛽 3   X  d t +   𝛽 4   X  e t +   𝛽 5   X  g t +   𝛽 6   X  h t + 𝜀  t


    𝛽 0


  T   I  d t


    E C I  b t


    X  d t


    X  e t


    X  d t


    X  e t


    X  g t


    X  h t


    Q  i t


    S  i t


    a  j t


    P  c j t


    P  b j t


    𝜎  j t


    𝜔  i t


    E C I  b t


    X  d t


    X  e t


    X  h t


    X  g t


    I  d t


  T   I  d t


  T   I  d t


    E C I  b t


    X  d t


    X  e t


    X  g t


    X  h t


    I  c 𝜀 t j


    E C I  b t


    X  d t


    X  e t


    X  g t


    X  h t

