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Background  
•  Potato production in the Bolivian Andes: 

•  Main cash and sample crop 

•  Low yield: 
•  Steep sloped hills: soil erosion 
•  Limited financial resources: no access to certified seeds, fertilizer, 

pesticides, etc. 
•  Out-migration: labor shortage 
•  Vulnerable to idiosyncratic microclimatic shocks: drought, frost, hail, etc. 

•  Environmental risk mitigation techniques: 
•  Lower production variance  
•  Lower yield ? 

•  Objective: Understanding the linkages between environmental 
risk, risk management strategies, and technical efficiency  



Theoretical framework 
•  Farmers incorporate risk mitigation strategies into their 

agricultural practices: 
1.  Flexibility in farming practices (Fafchamps,1993): 

•  Farmers make continuous labor allocation decisions in response to 
environmental shocks 

2.  Adoption of management strategies that reduce the production 
portfolio variance (Carter, 1997): 
•  Activity diversification 
•  Environmental diversification 

•  Stochastic production frontier: 
•  To incorporate the stochastic nature of the production environment 

•  Inefficiency model : 
•  To incorporate the outcomes of risk mitigation strategies 



Theoretical framework 
1.  Two-time periods with flexible farming strategies: 

•  Period 1:  
•  Land preparation and planting decisions  

•  Period 2:  
•  Management period 
•  Households incorporate the outcomes of microclimatic idiosyncratic 

shocks that have occurred between t=1 and t=2 into their input 
allocation decisions  

•  Growth processes and labor constraint for both periods: 
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Theoretical framework 
•  Production functions: 

•  Combining the two-time periods : 
•  Adding environmental factors, capital, and inputs’ quality: 

2.  Two-fields production portfolio variance:  

•  Portfolio variance is reduced if ρ is negatively correlated 
which can be concretely achieved by: 

•  Activity diversification:  
•  Environmental diversification 
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Theoretical framework 
•  Activity diversification:  

•  Crops respond differently to the same microclimatic shock 
•  Lima beans, cereals, and livestock 
•  Inefficiency: 

•   Limit gain from specialization 

•  Environmental diversification: 
•  Environmental shocks between regions are negatively correlated 
•  Sloped versus flat fields 
•  Higher altitude 
•  Inefficiency: 

•  Field scattering  
•  Higher transportation costs 
•  Cultivation of remote land 



Empirical framework 
•  To study the relationship between risk mitigation strategies and 

technical efficiency, an inefficiency term is added to the 
production function      Stochastic production frontier:  

•  Assumptions about the errors terms: 

•  Cobb-Douglas production function is estimated jointly with 
inefficiency model, which is a function of: 
•  Household head characteristics 
•  Risk mitigation outcomes 
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Empirical framework 
•  Spatial analysis of household-level and field-level efficiency  

•  General Moran I statistical test to detect for spatial autocorrelation 
•  Getis-Ord General G statistical test to detect for clustering 
•  Hot-spot analysis 

•  Efficiency comparison between households that have the option 
to spatially diversify and those that do not 

•  Efficiency comparison between households that have low level 
of activity diversification and those that have high level of activity 
diversification 



Data 
•  Random household survey in 2006-2007: 

•  Data gathered on 389 households about agricultural activities, 
revenues, expenses, environmental and gender issues, etc. 

•  GIS Data: 
•  Additional fieldwork in 2009 resulting in 287 georeferenced potato 

fields belonging to 123 households  
•  DEM and soil maps 
•  Roads network digitalized  



Production data 



Inefficiency data 



Results 

Note:  *** p<0.01, ** p<0.05, * p<0.1  
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Spatial statistical tests  







Comparison: environmental diversification 



Comparison: activity diversification 



Conclusions 
•  Seed, pesticide, labor in period two, and elevation are important 

determinants of potato yield 

•  Inefficiency increases with the distance between the field and the 
household but decreases with the number of potato fields a 
household cultivates 

•  Alternative crop revenues increases inefficiency while livestock 
revenues decreases inefficiency 

•  Environmental diversification helps mitigate environmental risk with 
no significant lost in efficiency 

•  With a technical efficiency of 51.4%, there is a great potential to 
increase potato production in the study area 
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