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Table S1.Variables of SD model. 

No. Variable name Characterization Formulas and Equations1 

1 Population Level 
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛(𝑡) = ∫(𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑔𝑟𝑜𝑤𝑡ℎ) 𝑑𝑡 + 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 

3 GDP Level 
𝐺𝐷𝑃(𝑡) = ∫(𝐺𝐷𝑃 𝑔𝑟𝑜𝑤𝑡ℎ) 𝑑𝑡 + 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐺𝐷𝑃 

4 GDP growth Rate 𝐺𝐷𝑃 𝑔𝑟𝑜𝑤𝑡ℎ = 𝐺𝐷𝑃 ∗ 𝐺𝐷𝑃 𝑔𝑟𝑜𝑤𝑡ℎ 𝑟𝑎𝑡𝑒 

6 Demand Level 
𝐷𝑒𝑚𝑎𝑛𝑑(𝑡) = ∫(𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑑𝑒𝑚𝑎𝑛𝑑)𝑑𝑡 + 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑑𝑒𝑚𝑎𝑛𝑑(0) 

7 Change in demand Rate 𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑑𝑒𝑚𝑎𝑛𝑑 = (𝛼1. 𝐺𝐷𝑃 ∗ 𝛼2. 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛)/(𝛼3. 𝑃𝑟𝑖𝑐𝑒) 

8 Price Level 
𝑃𝑟𝑖𝑐𝑒 (𝑡) = ∫(𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑝𝑟𝑖𝑐𝑒) 𝑑𝑡 + 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑟𝑖𝑐𝑒 

9 Change in price Rate 𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑝𝑟𝑖𝑐𝑒 = 𝑃𝑟𝑖𝑐𝑒 ∗ (1 + 𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒) 

10 Inflation rate Auxiliary 𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 = (𝛼4. 𝐷𝑒𝑚𝑎𝑛𝑑 ∗ 𝛼5. 𝐸𝑥𝑝𝑜𝑟𝑡) (𝛼6. 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 ∗ 𝛼7. 𝐼𝑚𝑝𝑜𝑟𝑡)⁄  

11 Cultivated land area (CLA) Level 
𝐴𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑎𝑙 𝑙𝑎𝑛𝑑 𝑎𝑟𝑒𝑎(𝑡) = ∫(𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝐶𝐿𝐴) 𝑑𝑡 + 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐶𝐿𝐴 

12 Change in ALA Rate 𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝐶𝐿𝐴 = 𝛼8. 𝑉𝑎𝑙𝑢𝑒 𝑎𝑑𝑑𝑒𝑑 𝑝𝑒𝑟 𝑤𝑜𝑟𝑘𝑒𝑟 𝛼9. 𝑅𝑒𝑠𝑖𝑑𝑒𝑛𝑡𝑖𝑎𝑙 𝑙𝑎𝑛𝑑 𝑎𝑟𝑒𝑎⁄  

13 Residential land area Auxiliary 𝑅𝑒𝑠𝑖𝑑𝑒𝑛𝑡𝑖𝑎𝑙 𝑙𝑎𝑛𝑑 𝑎𝑟𝑒𝑎 = 𝛼10. 𝐺𝐷𝑃 ∗ 𝛼11𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 

14 Value added per worker Auxiliary 𝑉𝑎𝑙𝑢𝑒 𝑎𝑑𝑑𝑒𝑑 𝑝𝑒𝑟 𝑤𝑜𝑟𝑘𝑒𝑟 = 𝛼12. 𝐹𝑎𝑟𝑚𝑒𝑟 𝑖𝑛𝑐𝑜𝑚𝑒 ∗ 𝛼13. 𝑃𝑟𝑖𝑐𝑒 ∗ 𝛼14. 𝑆𝑢𝑏𝑠𝑖𝑑𝑦 

15 Farmers income Auxiliary 𝐹𝑎𝑟𝑚𝑒𝑟𝑠 𝑖𝑛𝑐𝑜𝑚𝑒 = 𝛼15. 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 ∗ 𝛼16. 𝑃𝑟𝑖𝑐𝑒 

16 Production Auxiliary 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 𝛼17. 𝐴𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑎𝑙 𝑙𝑎𝑛𝑑 𝑎𝑟𝑒𝑎 ∗ 𝛼18. 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 

17 Subsidy Auxiliary 𝑆𝑢𝑏𝑠𝑖𝑑𝑦 = 𝛼19. 𝐺𝑜𝑣𝑒𝑟𝑛𝑚𝑒𝑛𝑡 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 

18 Government expenditure Auxiliary 𝐺𝑜𝑣𝑒𝑟𝑛𝑚𝑒𝑛𝑡 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒 = 𝛼20. 𝐺𝐷𝑃 

19 Capital stock Level 
𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑠𝑡𝑜𝑐𝑘(𝑡) = ∫(𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡) 𝑑𝑡 + 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑠𝑡𝑜𝑐𝑘 

20 Investment Rate 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 = 𝛼21. 𝐺𝐷𝑃 ∗ 𝛼22. 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑟𝑎𝑡𝑒 

21 Technology Level 
𝑇𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦(𝑡) = ∫(𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦) 𝑑𝑡 + 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 

22 Increase of technology Rate 𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑖𝑛 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 = 𝛼23. 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑠𝑡𝑜𝑐𝑘 

23 Productivity Auxiliary 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 = 𝛼24. 𝑇𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 ∗ 𝛼25. 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑤𝑎𝑡𝑒𝑟 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠 ∗ 𝛼26. 𝑊𝑎𝑡𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 

24 Water productivity Auxiliary 𝑊𝑎𝑡𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 = 𝛼27. 𝑇𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 

25 Available water resources Auxiliary 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑤𝑎𝑡𝑒𝑟 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠 = (𝛼28. 𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 ∗ 𝛼29. 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑠𝑡𝑜𝑐𝑘)/𝛼30. 𝐶𝐿𝐴 

26 Import Auxiliary 𝐼𝑚𝑝𝑜𝑟𝑡 = 1/𝛼31. 𝑇𝑟𝑎𝑑𝑒 𝑡𝑎𝑟𝑖𝑓𝑓 

28 Trade tariffs Auxiliary 𝑇𝑟𝑎𝑑𝑒 𝑡𝑎𝑟𝑖𝑓𝑓 = 1/(𝛼32. 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝐼𝑛/𝑂𝑢𝑡 𝑝𝑟𝑖𝑐𝑒) 

29 Export Auxiliary 𝐸𝑥𝑝𝑜𝑟𝑡 = 𝛼33. 𝑇𝑟𝑎𝑑𝑒 𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 

30 Trade incentives Auxiliary 𝑇𝑟𝑎𝑑𝑒 𝑖𝑛𝑐𝑒𝑛𝑡𝑖𝑣𝑒 = 1/𝛼34. 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝐼𝑛/𝑂𝑢𝑡 𝑝𝑟𝑖𝑐𝑒 
1 “GDP Growth Rate”, “Population Growth”, “Precipitation” are exogenous variables.𝛼1 to 𝛼34 are coefficients that should be determined based on each case study conditions (here for instance, Iran) 
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