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Motivation

I Agriculture is a key source of income for the global poor

I If poor farmers lack access to credit or sufficient insurance,
relaxing these constraints could result in significant
investment increases and welfare gains.

I Policy interventions have focused on increasing access to
credit, less work on alleviating uninsured risk

I Informal insurance may address some risk, but agriculture
faces covariate risks which the community may not be able to
adequately insure

I Little research comparing relative importance of missing
credit, insurance markets.
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Key questions

I Do poor farmers underinvest due to imperfect credit markets,
imperfect insurance markets, or both?

I Is there demand for insurance?
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Approach and Findings

I Simple model
I If credit constraints bind, cash grants increase investment and

insurance grants decrease investment
I If risk binds, insurance grants increase investment but cash has

minimal effect

I Three-year RCT in northern Ghana offering capital grants and
insurance grants
⇒ Find insurance binds

I Insurance pricing experiment to estimate demand
⇒There is demand for insurance, even at actuarially fair
prices.
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Overview

Model

Experiment

Results: Capital vs Insurance

Results: Insurance Demand

Discussion
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Model

I Two periods, t = 0 and t = 1

I Two states, s = {Good ,Bad}.
I Standard utility assumptions, u′(c) > 0, u′′(c) < 0

I At t = 0, household has wealth Y and chooses investments(
xr , xh, a

)
to maximize PDV utility.

I Production f = fs(xr , xh) depends on state at t = 1.
I Higher payoff in good state, fG (x) > fB(x) ∀x
I Risky investment xr has higher return in good state.
I Hedging investment xh has higher return in bad state (but

lower return overall).
I For simplicity, let ∂fB (x)

∂xr

∣∣
s=B

= 0 and ∂fG (x)
∂xh

∣∣
s=G

= 0

I a = risk-free (safe) asset, with return R = 1
β ∀s at t = 1.
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Model

Household Problem:

max
xr ,xh,a

u(c0) + β
∑
s

u(c1s ) s.t. c0 = Y − xr − xh − a + k

c1s = fs(xr , xh) + Ra + ks ∀s
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Model

I Perfect credit market – smooth across time

u′(c0) = βR Esu
′(c1)

I Perfect insurance market – smooth across states

c1G = c1B = c̄1 =
∑
s

πs
[
fs(x) + Ra + ks

]
= πG fG (x) + πB

[
fB(x) + kB

]
+ Ra
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Perfect credit and insurance markets - Arrow Debreu

I Households can move resources across time and between
states to perfectly smooth consumption.

c0 = c1G = c1B

I Investment optimality condition:

1 = βπG
∂fG (x)

∂xr
= βπB

∂fB(x)

∂xh

I Separation result - optimal investment decision x =(xr , xh) is
independent of wealth Y and preferences u(c).

I Adding capital grant K or insurance grant kB will not affect
investment x!

Agricultural Decisions After Relaxing Credit & Risk Constraints

Karlan et. al. 2014



Model Experiment Results: Capital vs Insurance Results: Insurance Demand Discussion

Imperfect credit market, perfect insurance

I Impose credit limit a ≥ 0 and suppose it binds.
I Under perfect insurance, we still achieve c1G = c1B = c̄1

I Cannot borrow to fund c0 or investment, u′(c0) > βR u′(c̄1)

I Investment optimality condition:

u′(c0) = βπGu
′(c̄1)

∂fG (x)

∂xr
= βπBu

′(c̄1)
∂fB(x)

∂xh

∂xr
∂K

,
∂xh
∂K

> 0 >
∂xr
∂kB

,
∂xh
∂kB

,

I Capital grant K increases all investment

I Insurance grant kB decreases all investment
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Perfect credit market, imperfect insurance

I Cannot transfer resources across Good ↔ Bad states

fG (x) > fB(x) ∀x ⇒ c1G > c1B

⇒ u′(c1G ) < u′(c1B)

I Under perfect credit, we still achieve u′(c0) = Esu
′(c1)

I Can rearrange investment optimality conditions to find:

πG
∂fG (x)

∂xr
> R > πB

∂fB(x)

∂xh

I No insurance ⇒ underinvest in risky xr
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Perfect credit market, imperfect insurance (cont’d)

Impact of capital or insurance grant depends on preferences.
I CARA: investment choice independent of wealth

I cG − cB = fG (x)− fB(x)− kB
I K has no effect on xr or xh
I kB raises cB directly ⇒ increase ratio xr/xh to maintain

constant gap

I DARA: wealthier is more willing to take on risk
I cG − cB gap increasing in wealth
I K increases cG , cB through investment ⇒ increase ratio xr/xh
I kB raises cB directly ⇒ increase ratio xr/xh
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Both imperfect

I Binding capital constraint a = 0⇒ u′(c0) > Esu
′(c1s )

I Binding risk constraint cG > cB
I K grant ⇒ increase both xr and xh
I kB grant raises Esu

′(c1s )⇒ decrease both xr and xh
I increase ratio xr/xh

Agricultural Decisions After Relaxing Credit & Risk Constraints

Karlan et. al. 2014



Model Experiment Results: Capital vs Insurance Results: Insurance Demand Discussion

Agricultural Decisions After Relaxing Credit & Risk Constraints

Karlan et. al. 2014



Model Experiment Results: Capital vs Insurance Results: Insurance Demand Discussion

Model Prediction

I Can determine which markets are imperfect by focusing on
how insurance affects farmers’ risky investments

I If insurance increases risky investment, this implies farmers
have access to credit but imperfect insurance

I If insurance decreases risky investment, this implies farmers
are credit constrained (and may or may not have sufficient
insurance).
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Experiment setting: Ghana

I Agriculture is 54% GDP. Over half labor force works in
agriculture, mainly on smallholder farms.

I Rainfed agriculture – significant weather risk (avg. rainfall
600-900mm/yr)

I Most agricultural investments are risky – cash crops (cocoa),
subsistence crops (maize), chemical fertilizer, farm size

I Hedging investments – shifting crop choice (e.g. mango) or
move into non-farm work.

I Focus groups cite credit constraints, also acknowledge
uninsured risk.
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Median Farmer

I Based on Ghana Living Standards Survey 5+ (GLSS5+)
I Household assets

I $450 livestock
I $0 cash on hand
I $0-$430 grain stock (depending on time of year)

I Crop harvest provides $950 income

I Does not use any chemical fertilizer
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Experiment design

I Multi-year RCT with smallholder farmers
I Random assignment to 2x2 treatment (4 groups)

I Y1: cash grant, insurance grant
I Y2: cash grant, insurance offered at different prices
I Y3: continue insurance pricing experiment only (no cash)
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Experiment design

I Insurance grant design
I Focus groups: pay when too wet or too dry
I Rainfall insurance avoids moral hazard
I 5 rainfall gauges, mean distance 10km from farms
I Maximum payout = 145/acre, based on GLSS 5+ data on

mean yield

I Cash grant $85/acre, averaging $420/farmer

I Follow-up survey on investment expenditures, harvest
outcomes, and other household activites

Agricultural Decisions After Relaxing Credit & Risk Constraints

Karlan et. al. 2014



Model Experiment Results: Capital vs Insurance Results: Insurance Demand Discussion

Year 1: Cash Grants and Insurance Grants

I Used GLSS5+ to identify communities in Northern Ghana
(region where maize farming common)

I Selected households with farms ≤ 15 acres and some maize
farming ⇒ 502 households

I Randomized treatment assignment at the community level
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Year 2: Cash Grants and Insurance Pricing Experiment

I Starting in Y2, authors conducted an insurance pricing
experiment to estimate demand. Instead of insurance grants,
they offered insurance at a range of prices, randomized at the
community level.

I Sample Frame 1: All 502 households from Y1. Offer subsidized
insurance to a random subset.

I Sample Frame 2: 676 additional households from communities
that received cash grants in Y1. Offer subsidized insurance to
a random subset.

I Sample Frame 3: 228 households from new communities. All
offered insurance, at actuarially fair or commercial prices.

I Cash grants randomly assigned to the households in sample
frame 3 only. No overlap with Y1 experiment participants.
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Year 3: Continued Insurance Pricing Experiment

I Continued insurance pricing experiment. No cash grants.

I Partnered with Ghana Agricultural Insurance Programme
(GAIP) to market GAIP’s comercial drought-indexed
insurance product.

I Includes all farmers who were offered insurance in the Y2
pricing experiment, even if they did not purchase before.

I Price randomized at community level
I subsidy
I actuarially fair
I commmercial
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Year 1 Results
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Year 1 Results
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Year 1 Results
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Year 1 Results
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Impact on Investment and Harvest

I Regression equation

Yit = α0 + αI Iit + αB Iit ∗ Kit + αKKit + αXit + εit

I This is the regression analogue to the analysis in Figure I.
Table IV (next slide) contains the results.

I Key takeaways:
I Farmers with rainfall insurance cultivate more acres.
I Farmers in all treatment groups use more chemical fertilizer,

but the capital grant had the biggest impact on this
investment.

I Cannot reject the hypothesis that the increase in harvest value
equals the increase in costs.
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Impact on Investment and Harvest

Agricultural Decisions After Relaxing Credit & Risk Constraints

Karlan et. al. 2014



Model Experiment Results: Capital vs Insurance Results: Insurance Demand Discussion

Balance between risky, hedging investments

I Table V (next slide) examines the riskiness of investment.
I Key takeaways

I Farmers with rainfall insurance make investment decisions that
are more sensitive to rainfall

I Insured farmers invest more in maize (risky), less in fruits
(hedge)
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Balance between risky, hedging investments
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Welfare Outcomes

I Table VI (next slide) examines aggregate farm revenue and
household welfare outcomes

I Key takeaways
I There is no statistically significant impact on aggregate

household welfare, in terms of direct expenditures
I Treated households manage shocks better (fewer missed meals)
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Welfare Outcomes
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Insurance Pricing Experiment

I Year 1 results suggest credit constraints do not bind

I Starting in Year 2, conduct pricing experiment to estimate
demand at different prices

I Theory - what we expect to see
I With no basis risk, farmers with access to actuarially fair

insurance insure fully.
I Assuming unconstrained credit, positive insurance demand

implies the neoclassical separation result
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Year 2 Pricing Experiment Results

I Sample Frames 1 & 2 (867 households): subsidized insurance
I $1.30/acre (1 GHC) → 85% takeup
I $5.25/acre (4 GHC) → 67% takeup

I Sample Frame 3 (228 households): actuarially fair prices and
commercial prices

I $10.50/acre (8 GHC) → 45% takeup
I $12.50/acre (9.5 GHC) → 41% takeup
I $15.85/acre (12 GHC) → 18% takeup
I $18.50/acre (14 GHC) → 8% takeup
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Insurance Takeup
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Insurance Demand
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Interpreting the Demand Curve

I There is a demand for insurance, even at actuarially fair prices
(GHC 6-9.5).

I Higher demand at GHC 1 and 4?
I Higher demand from households who received cash grants in

either Y1 or Y2.
I Surprising! A capital grant should not increase insurance

demand, regardless of preferences.
I Potential explanations: NGO effect (reciprocation), or

increased trust (if received or saw payouts in Y1)

Agricultural Decisions After Relaxing Credit & Risk Constraints

Karlan et. al. 2014



Model Experiment Results: Capital vs Insurance Results: Insurance Demand Discussion

Other factors

I Selection effect: At high prices, only the most risk averse
farmers purchase insurance.

I Investment behavior changes with increasing price, hard to
characterize more thoroughly from this experiment.

I Basis risk and mistrust reduce take up
I Experience increases trust
I Tension between offering insurance that pays out frequently

(increase trust/take up) and offering insurance that covers
large, infrequent risks
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Critiques

I Interventions increase investment expenditures, but they may
not pay off. Higher harvest value does not exceed higher
expenditures (Figure 1).

I Why encourage greater cultivation of maize, a risky
subsistence crop? Why not encourage farmers to switch to
cash crops like cocoa?

I Total cost calculation includes opportunity cost of family
labor, but there may not be a viable outside option.
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Conclusion and Policy Implications

I Risk constraints bind

I Agricultural credit assistance in isolation may not increase
investment

I Subsidized insurance can result in greater increases in
investment compared to cash grants, at lower cost

I There is demand for insurance, even at actuarially fair prices

I Consider offering standalone insurance, rather than just
bundled with credit

I Trust matters; partnering with existing, respected institutions
like microcredit organizations or NGOs may increase demand
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