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How Much Should We Compensate Farmers in Global South To Mitigate 
Climate Change While Meeting Increasing Food Demand?

Suhyun Jung
Applied Economics, University of Minnesota

Methods - cont’d
Economic Rent (Profit) Calculation
Calculate per hectare profit from major crop 

production (10 crops)
- Price and yield from FAOSTAT
- Costs: fertilizer, labor, machinery, and seed

For crop k in country i
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑘𝑘𝑖𝑖 = 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑛𝑛𝑘𝑘𝑖𝑖 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝑄𝐹𝐹𝐹𝐹𝐹𝐹𝑄𝑄𝑛𝑛𝑘𝑘𝑖𝑖

𝐿𝐿𝑄𝑄𝐿𝐿𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑘𝑘𝑖𝑖

= �
𝑡𝑡𝑦𝑦𝑦𝑦𝑦𝑦

𝑊𝑊𝑄𝑄𝑊𝑊𝐹𝐹𝑡𝑡𝑦𝑦𝑦𝑦𝑦𝑦𝑖𝑖 ×
𝐿𝐿𝑄𝑄𝐿𝐿𝐹𝐹𝐹𝐹𝐿𝐿𝐹𝐹𝑄𝑄𝐹𝐹𝐹𝐹𝑡𝑡𝑦𝑦𝑦𝑦𝑦𝑦,𝑘𝑘

𝑖𝑖

ℎ𝑄𝑄

𝐹𝐹𝑄𝑄𝑡𝑡𝐹𝐹 ∈ 𝑡𝑡𝑄𝑄𝐹𝐹𝑝𝑝,𝑄𝑄𝑄𝑄𝑡𝑡𝑄𝑄𝐹𝐹𝑝𝑝

𝐿𝐿𝐹𝐹𝐿𝐿_𝑀𝑀𝑄𝑄𝐹𝐹ℎ𝐹𝐹𝑄𝑄𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑘𝑘𝑖𝑖 = 0
𝐿𝐿𝐹𝐹𝑊𝑊ℎ_𝑀𝑀𝑄𝑄𝐹𝐹ℎ𝐹𝐹𝑄𝑄𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑘𝑘𝑖𝑖

= 𝑀𝑀𝑄𝑄𝐹𝐹ℎ𝐹𝐹𝑄𝑄𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑘𝑘𝑈𝑈𝑈𝑈
𝐿𝐿𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑖𝑖

𝐿𝐿𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑈𝑈𝑈𝑈

𝐿𝐿𝐹𝐹𝐿𝐿_𝑆𝑆𝐹𝐹𝐹𝐹𝑝𝑝𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑘𝑘𝑖𝑖 = 𝑆𝑆𝐹𝐹𝐹𝐹𝑝𝑝𝐹𝐹𝑄𝑄𝑊𝑊𝑅𝑅𝑄𝑄𝐹𝐹𝐹𝐹𝑘𝑘𝑈𝑈𝑈𝑈𝐹𝐹𝑘𝑘𝑖𝑖

𝐿𝐿𝐹𝐹𝑊𝑊ℎ_𝑆𝑆𝐹𝐹𝐹𝐹𝑝𝑝𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑘𝑘𝑖𝑖 = 𝑆𝑆𝐹𝐹𝐹𝐹𝑝𝑝𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑘𝑘𝑈𝑈𝑈𝑈
𝐹𝐹𝑘𝑘𝑖𝑖

𝐹𝐹𝑘𝑘𝑈𝑈𝑈𝑈

→ Comparison of these two maps informs how much 
we should compensate farmers ($/ha) for optimization
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Objective
Identify regions with high priority for conservation to 
maximize net benefits from agriculture and carbon, 
and generate a map indicating how much we should 
compensate farmers for their loss of economic rent

Motivation
 Increasing food demand: 70 % more food 

production required by 2050 compared to the level 
in 2009 (FAO 2011)

 Two sources of meeting increasing food demand
Intensification: closing “yield gaps” (80%)
Extensification: land clearing (20%)

 Effects of extensification: Tradeoff between
economic rent (profit) for farmers and
carbon sequestration

Literature
Global tradeoff among ecosystem services including 

agricultural production, carbon sequestration, and 
water provision (e.g., Naidoo and Iwamura 2007; 
Naidoo et al. 2008; Johnston et al. 2014)

 Little information on true value of economic rent for 
farmers in developing countries: No globally-
consistent agricultural production cost dataset

Contribution
Methodology
 Construction and use of globally-consistent 

agricultural production cost data set
Implication
 Identification of high conservation priority area to 

increase net benefits from carbon and agriculture
 Quantitative estimation of farmers’ welfare change 

in increasing net benefits
 Help inform land use decisions to secure 

environmental and social justice

Scenario
Conservation Priority Regions
Where should will conserve? 

Areas where value of carbon- return on agriculture is  
maximized

Return on Agriculture – Economic Rent (Profit)
→ How much should we compensate farmers?

Preliminary Results (Wheat)
Conservation Priority Regions

Economic Rent (Profit)

Constraints
Biophysical Suitability
 Suitability index by crop : climate, soil , and slope 

condition (FAO – GAEZ)
Socioeconomic Suitability
 Profit >0:  Constructed production cost and 

transportation cost using accessibility map (FAO –
GAEZ)

Methods
Carbon Value Calculation
Calculate the value of carbon storage for a given cell 

(10km by 10km) 
- Social cost of carbon from the literature: $137 per 
ton of carbon in 2010 US dollar assuming 3% 
discount rate (IWG 2015)
- Spatially explicit global potential carbon storage 
dataset (West et al. 2010)

 Sensitivity check using different value of carbon 
under various discount rates

Caveat and Further Study
 Simplification of crop variety

- Lack of production cost data for other crops
 Consideration of other ecosystem services such as 

water and habitat quality
 Intensification 

- Impact of intensification on economic rent and 
other ecosystem services
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