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Introduction 

• Data are sourced from a FFS intervention 
implemented by FAO on rice producers in the Senegal 
River Valley (SRV) 

• Sample selected around Farmer Field Schools (FFS) 
participants 

• Interest on further validating the methodology for 
possible use in future impact assessments of relevant 
IFAD projects 

• Quasi-experimental approach 

 



Objectives and Contribution 

• Assess the impact of FFS participation on rice technology 
(frontier shift) and management (technical efficiency change) 
accounting for selectivity bias on observables and 
unobservables 

• Evaluate possible spillovers from FFS participants to 
neighbouring farmers 

• We combine Impact Evaluation and Stochastic Production 
Frontier (SPF) methods  

• Similar applications: González-Flores et al. (2014), Villano et 
al. (2015), Abdulai and Abdulai (2017), De los Santos and 
Bravo-Ureta (2017), Lawin and Tamini (2018) 

 



Study Area 

• Rice core staple in Senegal though about 80% is imported 

• The Government launched a number of programs aimed at achieving 
self-sufficiency in rice production 

• Rice produced mainly in the SRV, primarily by smallholder farmers 
with an avg. yield of about 5 tons/ha 

• FFS has been promoted by FAO as a way of increasing adoption of 
sustainable rice intensification (SRI) practices to increase productivity 
 Shift the frontier 

• This was done through provision of training and technical assistance to 
support adoption and implementation  Increase technical efficiency 

• FFS relies on spillovers from FFS graduates to control farmers living 
nearby 



Data and Samples for Analysis 

• Cross-sectional parcel level data for (i) FFS participants, (ii) 
neighbors (spillovers), and (iii) non-neighbors located in 
Dagana and Podor depts. 

• Fundamental differences between the two depts,  suggests 
separate analysis  We focus on Podor due to very small 
sample size for Dagana 

• Participants of other types of FFS are also excluded from the 
sample  We focus on rice FFS 



Methodology 

• The methodology applied includes the following steps: 

1. Use Propensity Score Matching (PSM) to define a sample of 
treated and control parcels that are as similar as possible based 
on observable attributes; 

2. Estimate separate SPF models for treated and control parcels 
to deal with possible difference in technology across the two 
groups and biases from unobservables (Greene, 2010; Bravo-
Ureta et al., 2012); 

3. Estimate a stochastic meta-frontier model to obtain a 
benchmark technology to compare directly the performance of 
treated and control groups (Battese and Rao, 2002; Battese, 
2004; O’Donnell et al., 2008; Huang et al., 2014 ). 



Definition of Treated and Control Groups 

 
• We estimate a probit model on FFS participation to generate PS 

• We use radius matching of PS to improve the balance of the treated-control 
sub-samples enforcing common support condition 

• We drop further controls with a score below the next lowest treated score 
and above the highest treated score 

• Three alternative matched sub-samples are created based on alternative 
control groups: 

1) Non-participants living in treated communities (neighbors); 

2) Non-participants living in non-treated communities (non-neighbors); 

3) The combination of 1) and 2). 

 

 

 

Before After Before After Participants Neighbors

85.5% 32.8% 0.88 1.31 156  (9) 188 (7)

Before After Before After Participants Non-neighbors

99.5% 21.3% 1.28 0.83 152 (13) 296 (40)
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Estimation of SPF models 

• Once treated-control sub-samples are defined we estimate the following CD 
SPF using all observations: 

 (1)    𝑙𝑛(𝑌𝑖) = 𝛽0 +  𝛽𝑗 𝑙𝑛(𝑋𝑖𝑗) +
𝑛
𝑗=1 𝛿𝑙𝐷𝑙 + 𝑣𝑖 −𝑢𝑖    

• We then use (1) except that we drop 𝐷𝑙 and estimate separate SPF models for 
treated and controls 

• We perform a LR test (Greene, 2007) to compare separate vs pooled model 
and check whether treated and controls display different technologies 

• We estimate the Sample Selection corrected SPF (SPF-SS) using again (1) 
separately for treated and controls along with the following selection equation:  

 (2)    𝑃𝐴𝑅𝑇𝑖 = 𝛼0 +  𝛼𝑖𝑘𝑍𝑖𝑘 + 𝑤𝑖
𝑛
𝑘=1  

• SPF-SS model is estimated twice: first for treated (𝑃𝐴𝑅𝑇𝑖=1 for treated) and 
then for controls (𝑃𝐴𝑅𝑇𝑖=1 for controls) 



Results: Neighbors Control Group  



Results: Non-neighbors Control Group  



Estimation of the Meta-Frontier  

• Results indicate that: 

 Participants and Non-neighbors display different technologies, whereas 
Participants and Neighbors share the same technology; 

 As expected, there is evidence of selection bias for Neighbors, whereas 
there is not for Non-neighbors. 

• The final step of the analysis implies estimating a stochastic meta-frontier 
(SMF) to be able to compare output and technical efficiency (TE) across 
treated and control groups 

• Finally for each group, we compute and compare the following: 

– Predicted group frontier output and predicted meta-frontier output; 

– TE level in the group frontier and in the meta-frontier; 

– Technology Gap Ratio (TGR) – defined as the distance between the 
group frontier and the meta-frontier. 
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FFS Impact on Frontier Output and TE 



Conclusions and the Way Forward 

• Overall positive impact of FFS participation on productivity (technology 
shift + positive change in TE level) 

• Larger relative gains for participants vis-à-vis neighbors vs participants vis-
à-vis non-neighbors 

• Neighbors don’t seem to have benefited from spillover effects 

• Results suggest that more productive farmers self-selected into the 
project  but did not pass on their knowledge 

• Try alternative matching methods to improve balance of treated and 
control groups 

• Heterogeneity analysis (length of participation, frequency of meeting 
attendance, etc.) 

• Closer look at changes in input usage and adoption of SRI practices 
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