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The Empirical Puzzle
Average gross returns (experimental) to agricultural technologies suchAverage gross returns (experimental) to agricultural technologies such

as hybrid maize and fertilizer are extremely high

Puzzles:
i. Despite high average returns, a significant number of households

do not use these technologies: why not?do not use these technologies: why not?
ii. Adoption rates show no accelerating increases

Explanations in the literature:
i. Lack of good information and slow learning
ii. Credit constraints
iii. Consumption tastes
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Motivation
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What About the Farmers?
Priorities to Improve HHs for whom it is HHs that Place it inPriorities to Improve 

Family Well Being
HHs for whom it is 

the Top Priority
HHs that Place it in 
the Top 3 Priorities

Increase Yields on Existing 
Land

39.4% 72.7%

Obtain More Land 16.4% 29.2%

Obtain More Animals 14.5% 55.4%

Start a Business/ Earn more 
f

23.2% 48.4%
from Business

Education 2.3% 5.9%

Credit 0.3% 0.5%



Explanations in the Literature
i Lack of good information about the technologiesi. Lack of good information about the technologies

ii Slow learning about the technologies (several trials neededii. Slow learning about the technologies (several trials needed
before you understand the true benefits)

iii. Credit constraints – households can’t afford the technologies

iv. Consumption tastes are different (e.g. Latin America)

v. Farmers are hyperbolic when it comes to decisions about
technologies (they can not commit to the expenditures at the
time of harvest)time of harvest)



Hypothesis in This Paper
• The hypothesis is quite simple

• Are there are differences in returns to the technology across 
farmers? 

• If so, is it simply the case that the farmers who do not use it 
simply do not benefit from it?simply do not benefit from it?

• Why might there be differences in these returns?• Why might there be differences in these returns?



In Particular…
h i h i l di ib i f ? d hWhat is the spatial distribution of returns? How do these returns

correlate with adoption decisions & observables? Are average
returns high, but marginal returns low?

I model two forms of heterogeneity:

i. Absolute advantage (individual specific intercepts/average yields,
irrespective of technology)p gy)

ii. Comparative advantage (individual specific gains to hybrid, i.e.
individual specific slopes)

Bottom line: how important is the role of comparative advantage?
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Summary of Findings
I find evidence of cross-sectional heterogeneity in returns to hybrid

with three interesting sub-groups of farmers in the population:

i. A small group has potentially high returns from adopting, yet they
do not adopt. These farmers seem to have high unobservable costs
(they have poor access to input distribution/infrastructure)

ii. A larger group has smaller positive returns yet adopt every period
iii Farmers that switch in and out of adoption have approximately zeroiii. Farmers that switch in and out of adoption have approximately zero

returns

Implies adoption decisions are well explained by variation (observable 
and unobservable) in heterogeneous net benefits to the technology
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The Policy Questions
li i li i diff if hPolicy implications are very different if returns are not homogeneous

Given the limited resources of policy makers how do you target policyGiven the limited resources of policy makers, how do you target policy
to be the most cost effective?

Should policy makers expand extension or develop new varieties?

If households have zero returns policy makers should not encourageIf households have zero returns, policy makers should not encourage
adoption of existing varieties via say extension services

Households that have lower returns and use hybrid don’t seem to be
constrained and would benefit from development of new strains
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Maize in Kenya
i i h i l li l i i iMaize is the main staple, little or no irrigation

Technologies available since 1960’s (>20 seeds released since 1955)Technologies available since 1960 s (>20 seeds released since 1955)

Initial adoption rates were high, but no sustained yield increases

Gerhart (1975) about the diffusion of H611 in Western Kenya:
f f f“at rates as fast as or faster than among farmers in the US corn belt”

Pan territorial seed pricing for most of this period, most of the seed isPan territorial seed pricing for most of this period, most of the seed is 
distributed by Kenya Seed Company (this is key)
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Data and Field Work
Tegemeo Agricultural Monitoring & Policy Analysis (TAMPA) Project: a

panel household survey across a lot of rural Kenya, 1997 to 2004

The hybrid decision is a binary choice (only 1% of HHs plant both)

I use data on yields, hybrid decisions and inputs (land, seed use,
fertilizer use, labor (family and hired), land preparation, rainfall)

I have complete input/output data for only 1997, 2000 and 2004

There is also a large qualitative component to these surveys
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Sample Villages
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Hybrid Adoption (Province)
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Fertilizer Adoption (Province)
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Fertilizer Expenditure
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Switching
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Yields by Sector, 2004
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Modeling Adoption Decisions
S h h b id d h b id fi f i f f f hSay the hybrid and non-hybrid profit functions for a farmer are of the 

following Cobb-Douglas form:
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What Drives Adoption I
h i l i h d l h h f d ifThe simplest case is the Roy model where the farmer adopts if

This implies sorting based on comparative advantage

Happens when (equation 4):
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What Drives Adoption II

With some assumptions this boils down to:

Note that I never actually estimate the adoption decision directly

Instead I focus on estimating comparisons of underlying yield functions
- One advantage of this is household labor (large fraction of totalOne advantage of this is household labor (large fraction of total 
labor) is hard to value
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Yields
d i h d l i i ld f iInstead, I estimate the underlying yield functions:

O i lOr in logs,
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Structure of the Errors I
Now put some structure on the errors to allow both absolute and

comparative advantage:

Decompose as follows:
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Structure of the Errors II
Following Heckman & Honore (1990) and Lemieux (1998), I use linear

projections of θi
H and θi

N on (θi
H-θi

N):

 i
H  bH i

H −  i
N  i

 i
N  bN iH −  iN  i i bN i  i   i

Redefine to be θi
 i
H    1 i  i
N   i  i

where
bH  H

2 − HN/H2  N2 − 2HN

 i   i  i

 ≡ 1 − bH
b

HN ≡ cov iH, iN

H
2 ≡ Var iH


bN
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Yields Once Again
Substituting back into the yield equations:

These yield functions look like they can be estimated by fixed effectsy y y

But, they cannot!! The thetas cannot be differenced away (they are
technolog specific)technology specific)
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Yields Once Again
Using a generalized yield equation:

Substituting in for yieldsSubstituting in for yields

where θi (comparative advantage) and τi (absolute advantage) are
uncorrelated by construction
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Now Back to Adoption…
l i hi b k d i h f d if• Relating this back to adoption, the farmer adopts if

• With some assumptions, this boils down to

i.e. when benefits are greater than costs (fixed and variable)
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Correlated Random Coefficients

The basic yield function I want to estimate is:

Identification assumption:
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Identification I
Remember

Key Assumption: transitory errors ξit
H and ξ it

N do not affect farmer's
decision to use hybrid [θ H and θ N will as farmers know these]decision to use hybrid [θi and θi will as farmers know these]

Implies: ξit
H and ξ it

N are known after the planting decision is madeImplies: ξit and ξ it are known after the planting decision is made
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Identification II
The timing of maize production and rainfall is crucial here

An important component of the transitory shock ξit is rainfall which is 
observed by the farmer after planting

The seed type is fixed before this shock is (fully) realized 

But other inputs may be correlated with the shock

I condition on the co a iates affecting ields in m data and mostI condition on the covariates affecting yields in my data and most 
importantly I condition on seasonal rainfall (which I observe)
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Estimating CRC I
S i h l i i h i l i f h i ld iStart with explaining the simpler version of the yield equation:

Project θi onto the history and the interactions of the hybrid histories:

Estimation and identification similar to Chamberlain CRE model

In the estimation, I impose directly ∑  i  0
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Estimating CRC II
iBasic strategy:

- Substitute the project back in to the yield functions period by periodSubstitute the project back in to the yield functions period by period
- Gives you the structural equations for each period
- Can estimate reduced forms for each period (using SUR) and then

the structural parameters using minimum distance
− Six reduced form parameters (γ1 – γ6) – the reduced forms include 

all the interactions of the hybrid historiesall the interactions of the hybrid histories

− These map onto five structural parameters (φ β λ1 λ2 λ3)

The structural parameters over identified− The structural parameters over-identified
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Estimating CRC III
i i di i iMinimum distance restrictions:
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Summary Statistics I
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Summary Statistics II
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OLS and FE Results
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Motivation for Heterogeneity

i. Heckit Selection Equations

Excluded Regressor:
ii ATE TT MTE (selection corrected) Distance to closestii. ATE, TT, MTE (selection corrected) Distance to closest

fertilizer distributor

iii. IV/LATE Estimates
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ATE, TT, MTE Estimates
l i i i di l f ili ll (k )Exclusion restriction: use distance to closest fertilizer seller (km)
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LATE Estimates
l i i i di l f ili ll (k )Exclusion restriction: use distance to closest fertilizer seller (km)

44



Selection and Heterogeneity
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Heterogeneity by Observables
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CRC Generalizations

In CRC I can account for both exogenous and endogenous covariates:

Exogenous covariates are uncorrelated with the θi and are easily added 
to the model (enter the RFs, but not the projection)

Endogenous covariates are correlated with the θi and are accounted for 
by extending the projection to include them – I only considerby extending the projection to include them I only consider 
fertilizer to be endogenous (clearly a joint decision for most HHs)
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Interpretation
yit    hit   i  i   ihit  it

= α HH Specific Intercept HH Specific Slope (HH

Th i b t th h h ld ifi l d i t t

= αi, HH Specific Intercept 
(HH specific average yield)

HH Specific Slope (HH 
specific gain to hybrid)

The covariance between the household specific slopes and intercepts:

cov i, i  
2

Structural coefficient φ tells us if high intercept HHs are high slope HHs

If 0<φ<1, high θi farmers also gain the most
If -1<φ<0, the gains are largest in the left tail of the distribution
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OMD Structural Estimates I
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Comparative Advantage 
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Implied Returns (β+φθi)
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OMD Structural Estimates II
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Comparative Advantage II
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Absolute Advantage
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Is Adoption Constrained?
There is a group of farmers who would have high returns but do not 

use hybrid at all

LATE estimates point to these farmers facing larger costs/constraints, 
in particular infrastructure/input distribution

LATE estimates close to the gains for these farmers from hybrid

A larger fraction of the sample has small positive returns and adopts 
universally; these farmers seem to be unconstrained

For these farmers, the risk properties of hybrid may be important
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What Costs or Constraints?
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Alternative Models: Learning
N S h d f d ti ( t d ti i t tNo S-shaped curves of adoption (aggregate adoption is constant over 

the sample period)

Switching between different types of hybrid? 60-70% plots use 614 in 
both 2000 and 2004, about 5% of each of 625, 627 and 511

99% of households have used hybrid before (83% fertilizer) 

E li t bl it hi did ’t h t ti i t i d tiEarlier table on switching didn’t show systematic persistence in adoption

Only 0.3% of households using traditional varieties cited things like y g g
“experimenting” or “on trial” when asked why they were not using 
hybrid 
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Switching
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Alternative Models: Credit
How About Credit Constraints?

In 2004 41% of households tried to get credit (83% of which did)In 2004, 41% of households tried to get credit (83% of which did)
In 1997 34% of households tried to get agricultural credit (90% of 
which did)

Only 2% of households plant both hybrid and non-hybrid, there are 
no differential fixed costs to planting hybridno differential fixed costs to planting hybrid 

Earlier patterns did not fit a pure liquidity constraints storyp p q y y

None of the credit variables correlated with comparative advantage
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Selection and Heterogeneity
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Conclusion
I lay out a framework to capture heterogeneity in benefits to hybridI lay out a framework to capture heterogeneity in benefits to hybrid

With no systematic pattern in temporal variation in adoption over my
sample period, I focus on the spatial variation in adoption to
understand the heterogeneity in returns

Policy implications are different for the different groups of farmers:
- For those with high returns, they do not use hybrid due to 

t i t li i t ll i t t i tconstraints, policy is to alleviate constraints
- For the always adopters, maize supply could be increased via the 
development of new hybrid strains p y
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EXTRA SLIDES
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Maize Harvests
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