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Abstract

This study focuses on how subsidized crop insurance affects crop choices. Crop insurance

programs may change the investment decision of farmers due to risk reduction or premium

subsidies. First, actuarially fair insurance reduces the risk of farmers, holding expected return

constant. Second, premium subsidies encourage farmers to purchase crop insurance and increases

the expected return to the risky crop. Yet, outside of crop insurance, farmers have self-insurance

mechanisms available, such as crop diversification. I derive conditions for when actuarially

fair insurance and premium subsidies lead to more investment in the risky higher-return crop,

while allowing for self-insurance. The effect of premium subsidies are decomposed into an

encouragement (indirect) effect and a relative profitability (direct) effect. These effects are

explained by the interaction between market insurance and self-insurance, and the interaction

between a risky crop and a safe crop. I discuss each effect as a combination of a wealth effect

and a substitution effect. The framework provides a novel view of the evaluation of subsidized

crop insurance programs.

1 Introduction

Farmers are often exposed to production and price uncertainty. Uncertainty implies unanticipated

variability in output quantity or price that is caused by exogenous shocks such as weather, crop pest

or diseases, or unexpected changes in demand. Farmers make production or investment decisions

before the realization of shocks. Their behaviors would be different if they could accurately predict

output quantities and prices. Portfolio diversification, such as diversifying marketing channels or
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crop mix, or utilizing financial devices such as futures, options, or insurance are often discussed as

risk management schemes for farmers.

Moving from traditional to modern agriculture with higher returns needs investments in ma-

terial and human capital (Schultz (1964)). In the context of economic growth and development,

this transformation is crucial especially in developing countries. However, when the returns from

investments are considered to be uncertain, farmers may face constraints caused by their risk-averse

behavior or a high cost of credit. If these constraints are binding to a majority of agents in the

developing world, relaxing these constraints through policies that facilitate risk management would

promote investments and thus, economic development.

Crop insurance has been developed in many countries. Studies related to demand for crop insur-

ance, optimal insurance contract design, and information asymmetry problems have contributed to

the development of more attractive crop insurance programs. Others have focused on evaluating

the effects of existing crop insurance schemes by investigating changes in production or investment

decisions of farmers or in the market supply of crops. However, there have been relatively few

studies on the role of premium subsidies in crop insurance programs (Goodwin, Vandemeer, and

Deal (2004), and Goodwin and Smith (2013)).

Ehrlich and Becker (1972) discuss the interaction between market insurance, self-insurance, and

self-protection. The substitutability between market insurance and self-insurance, which refers to

the action to reduce the size of loss in the bad state, and the complementarity between market

insurance and self-protection, which refers to the action to reduce the probability of the bad state,

are discussed under the expected utility and state preference framework. In the context of this

paper, the analogue to the relationship between market insurance and self-insurance is that of crop

insurance and farm portfolio choice, which is asset allocation decision among a risky crop and a safe

crop. Farmers with different self-insurance options behave differently as response to the provision

of crop insurance and premium subsidy.

Except for few empirical studies in the context of the U.S. crop insurance program, there has

been no explicit discussion on the role of premium subsidies. This paper utilizes the expected

utility maximization model in the portfolio theory and examines the changes in farm portfolio
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as actuarially fair and subsidized crop insurance become available. By separating the investment

change due to subsidized crop insurance into a) change due to the provision of actuarially fair crop

insurance and b) additional change due to the premium subsidy, the role of premium subsidy can

be clarified. Another focus of this paper is the heterogeneity across farms. When farmers have

their own means to mitigate the portfolio risk, for example crop diversification, and the cost of

self-insurance is different across farms, the effect of subsidized crop insurance is heterogeneous.

I discuss the optimal farm portfolio in the absence of crop insurance markets, with actuarially fair

crop insurance, and with subsidized crop insurance. The paper discusses the investment effect of

subsidized crop insurance and the role of premium subsidy. Expected utility maximization models

with simultaneous decisions on portfolio and insurance choices provide some general propositions

on the interaction between the demand for insurance and the demand for a risky asset (Eeckhoudt,

Meyer, and Ormiston (1997), and Hennessy (1998)). The comparative statics from these studies

provide implications on the investment effects of insurance. I later revisit their propositions.

2 Effects of Crop Insurance on Farm Portfolio

As discussed above, since the role of uncertainty on agricultural investment decisions has gained

attention, researchers have focused on risk management designed to facilitate allocation of profit

across different states of nature or reduction of the probability of loss. In the context of crop

insurance and production, studies like Ramaswami (1993), Chambers and Quiggin (2002), and

Cheng, Carter and Sarris (2014) provide conceptual frameworks to describe agricultural investment

decisions when crop insurance is available.

Ramaswami presents the decomposition of the effect of insurance on supply response with a single

input production function and a multiple input production function under the expected utility

framework. The effect of insurance is decomposed into two channels: risk reduction and moral

hazard. The study suggests that the direction of the effect of insurance on supply response may be

ambiguous. Chambers and Quiggin investigate the linkage between the producer’s insurance choice

and the production decisions when area-yield insurance is available, by utilizing the Arrow-Debreu

state-contingent approach. They provide the sufficient condition that the provision of area-yield
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insurance induces a change toward riskier production patterns.

The magnitude of the impact of crop insurance varies across different financial and risk environ-

ments. Cheng, Carter and Sarris investigate the different outcome of agricultural index insurance

across different financial and risk environments. The effective index insurance contract to boost

farm investment and technology adoption is contingent on financial and risk environments.

There have been many studies investigating empirical evidence of the production effect of crop

insurance. Empirical studies focusing on acreage response to the U.S. crop insurance program,

such as Wu (1999) and Goodwin, Vandemeer, and Deal (2004), suggest a positive effect of crop

insurance on crop acreage. It is difficult to identify which factors of crop insurance drive the positive

effect since the U.S. crop insurance program is heavily subsidized. Sumner, Alston, and Glauber

(2010) point out the role of subsidy in the U.S. crop insurance program and the political demand

for crop insurance as modes of subsidy. Thus, identifying the subsidy effect in supply response to

crop insurance is important. Goodwin and Smith (2013) present preliminary empirical estimates

indicating potential positive effect of premium subsidy.

In developing countries, recent studies such as Cai et al. (2012), Mobarak and Rosenzweig (2012),

Cole, Giné, and Vickery (2013), Karlan et al. (2014), and Elabed and Carter (2014) find that the

provision of insurance changes farmers’ behavior toward productions of crops with higher risk and

higher returns. These studies utilize randomized field experiments. These studies all indicate that

the provision of insurance programs induces investment changes toward crops with higher risk and

higher return. Note that these programs also have premium subsidies. Therefore, similar to the

U.S. crop insurance program, the positive effects from these insurance programs may be a mixture

of risk reduction and premium subsidies by insurance provision.

Yet, there is no explicit discussion on the role of premium subsidies on the investment effect of

crop insurance. The interaction between crop insurance and self-insurance and its relationship with

the investment effect also have not been studied much.
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3 A Conceptual Framework

This section presents a conceptual framework to discuss the channels of the effect of subsidized

crop insurance on their crop choices or farm investments. The model describes the optimal farm

portfolios under different crop insurance market environments. I assume that farmers have two

crops they can produce and the crop production is the only investment they can make. They can

produce a crop with stable return, which is denoted as the “safe” crop, and they can also produce

a crop with variable return with higher expected return than the safe crop, which is denoted as the

“risky” crop. This section illustrates their choice across the “safe” and the “risky” crops.

The framework illustrates the effects of subsidized crop insurance by modifying the portfolio

choice models and revisiting several propositions of Eeckhoudt, Meyer, and Ormiston (1997), and

Hennessy (1998) in the context of subsidized crop insurance.

3.1 Preference and Agricultural Environment

Farmers allocate their initial capital asset, K0, into the investment on the safe crop, Ks, with linear

return s, and the investment on the risky crop production, Kr. The return from the risky crop

production is represented by rKr where r is a positive random variable. The expected value of r is

greater than s, since the risky crop has a higher rate of return than that of the safe crop. I assume

there is no credit market available for farmers so that they cannot borrow nor lend their initial

capital assets.

Risk-averse farmers maximize their expected utility, U = E(u(.)) where u(.) is increasing and

strictly concave function. Therefore, the optimization problem is

MaxKr U(Kr) = Eu(x(Kr))

subject to Kr −K0 ≤ 0

where x(Kr) = s(K0 −Kr) + rKr.
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The first order conditions are

UKr = Eu′(x)(r − s) = λ,

λ(Kr −K0) ≤ 0.

where λ is the Lagrangian multiplier.

As long as E(r) > s, it is clear that any agent with u′ > 0 would invest at least some of the risky

crop (Fishburn and Porter 1976). Therefore, the only relevant corner solution is Kr
∗ = K0. From

the Kuhn-Tucker condition, Kr
∗ < K0 if and only if

Eu′(rK0)(r − s) < 0 (1).

The condition (1) indicates the farmers only allocate some of their initial capital asset into the safe

crop if and only if the marginal benefit of investing in the safe crop exceeds that of the risky crop

at Kr = K0. Obviously, as the rate of return of the safe crop increases, this condition is more likely

to be satisfied.

The investment on the safe crop is self-insurance described in Ehrlich and Becker (1972). The

price of self-insurance becomes cheaper as s increases, and thus the demand for self-insurance,

which is the investment on the safe crop, increases. This is straight from condition (1). In this

paper, I focus on the effects of subsidized crop insurance when (1) is satisfied. 1

In the following two sections, effects of subsidized crop insurance are separated into a) actuarially

fair insurance effect, and b) premium subsidy effect. More specifically, actuarially fair insurance

effect is the difference between farm portfolios without crop insurance availability and that with ac-

tuarially fair insurance market, and premium subsidy effect is the difference between farm portfolios

with actuarially fair insurance market and that with premium subsidy. 2

1When Eu′(rK0)(r − s) ≤ 0, the investment effects of actuarially fair crop insurance and premium subsidy are
non-positive since K∗r = K0 without crop insurance availability.

2The optimal Kr and θ with the absence of crop insurance markets, with actuarially fair crop insurance availability,
and with premium subsidies are denoted with subscripts zero, one and two, respectively.
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3.2 Actuarially Fair Crop Insurance

The actuarially fair insurance for the risky crop is introduced. Farmers can purchase actuarially fair

insurance θ, per unit of Kr and obtain indemnity, I(r). The actuarially fair premium is π = E(I(r)).

The indemnity I(r) is non-increasing in r and decreasing in some r.

Under the availability of crop insurance, the farmers face the following optimization problem:

MaxKr, θ U(Kr, θ) = Eu(x(Kr, θ))

subject to (1 + θπ)Kr −K0 ≤ 0

−θ ≤ 0

where x(Kr, θ) = s(K0 − (1 + θπ)Kr) + (r + θI(r))Kr.

The first order conditions are

UKr = Eu′(x)(r − s+ θ(I(r)− sπ)) = λ(1 + θπ),

Uθ = Eu′(x)(I(r)− sπ)Kr = λKrπ − µ,

λ((1 + θπ)Kr −K0) ≤ 0,

−µθ ≤ 0,

where λ and µ are the Lagrangian multipliers. The interior solution is characterized with UKr = 0

and Uθ = 0.

For the following analysis, the sign of UKrθ is useful for comparative statics.

Proposition 1 Constant absolute risk aversion (CARA) or decreasing absolute risk aversion

(DARA) preferences are sufficient for UKrθ > 0 (Eeckhoudt, Meyer, and Ormiston 1997).

The proof is in the appendix. Eeckhoudt, Meyer, and Ormiston (1997) show that the sufficient

condition for UKrθ ≥ 0 is DARA preference in a similar framework, whereas in this case CARA

7



is also sufficient. This condition determines other comparative statics on insurance demand and

investment effect of subsidized crop insurance.

3.2.1 Insurance Demand

The demand for actuarially fair crop insurance is positive if and only if

sπEu′(x|θ=0) < Eu′(x|θ=0)(I(r)) (2).

The condition (2) indicates that farmers purchase insurance if and only if the marginal benefit of

indemnity payment, Eu′(x|θ = 0)I(r), exceeds the marginal cost of crop insurance, Eu′(x|θ = 0)sπ.

The marginal cost of crop insurance is the marginal benefit from self-insurance, which is through

the investment of the safe crop, times the fair premium. Also note that at θ = 0 the marginal cost

of self-insurance is equal to the marginal benefit from the risky crop investment.

The substitutability between crop insurance and self-insurance can be examined by investigating

changes of the demand for crop insurance with respect to changes in the rate of return from the

safe crop, s.

Proposition 2 The demand for actuarially fair insurance decreases with an increase in s if farmers

have CARA preference or DARA preference with Rr(x) ≤ 1 where Rr(x) = −u′′(x)x
u′(x) .

Proof Using implicit function theorem,

∂θ∗

∂s
=

1

J
(UsKrUKrθ − UsθUKrKr),

where J = UθθUKrKr−(UKrθ)
2and Usθ and UsKr are negative under CARA or DARA with Rr(x) ≤

1. And by proposition 1, UKrθ is positive for CARA or DARA preferences. Therefore under CARA

or DARA with Rr(x) ≤ 1, ∂θ∗

∂s < 0.

The substitutability between the crop insurance and the self-insurance holds if farmers with

CARA or DARA with Rr(x) ≤ 1. Similar to demand theory, the change in the demand for crop

insurance is a composition of a wealth effect and a substitution effect. As the rate of return from
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the safe crop investment increases, the expected return from the given portfolio allocation increases

and this increase leads to the wealth effect on the demand for insurance. For CARA or DARA

with Rr(x) ≤ 1, the farmers become less risk-averse as the expected return increases and thus, the

demand for insurance decreases. The substitution effect clearly leads to a decrease in the demand

for insurance. For other preferences, the wealth effect may increase the demand for insurance as

the rate of return from the safe crop investment increases and the magnitude may or may not be

greater than the substitution effect.

3.2.2 Actuarially Fair Crop Insurance Effect on the Investment

For farmers who satisfy condition (2) and satisfy the interior solution condition, i.e. Kr1(1+θ1π) <

K0, their portfolios are characterized with UKr = 0 and Uθ = 0. 3 The actuarially fair crop

insurance effect on the risky crop investment is defined as Kr1 − Kr0. Note that for the farmers

with zero demand of actuarially fair crop insurance, Kr1 = Kr0, and thus there is zero investment

effect on the risky crop investment.

Proposition 3 CARA preference or DARA preference is sufficient for the positive actuarially

fair crop insurance effect on the risky crop investment (Hennessy 1998).

Proof The investment of actuarially fair crop insurance is positive, i.e. Kr1−Kr0 > 0. This can

be shown by treating θ as exogenous parameter and showing ∂Kr
∂θ > 0. Using the implicit function

theorem,

∂Kr

∂θ
= − UKrθ

UKrKr

and Proposition 1 show that CARA or DARA is sufficient for UKrθ > 0.

Hennessy shows this result under a similar setting. The difference between proposition 3 and

Hennessy is the existence of self-insurance. Due to the credit constraint and the self-insurance

3The condition for the interior solution is

Eu′(
r + θ∗I

1 + θ∗π
K0)(r − s+ θ∗(I(r) − sπ)) < 0.

for θ∗ satisfies

Eu′(
r + θ∗I

1 + θ∗π
K0)(rπ − I) = 0.
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through the safe crop investment, Proposition 2 holds only with condition (2) while under the

framework of Hennessy any risk-averse agents with the indemnity I(r) non-increasing in r and

decreasing in some r purchase the actuarially fair insurance and increase the investment in the

risky crop. The cost of self-insurance affects the magnitude of the actuarially fair crop insurance

effect on the risky crop investment.

Proposition 4 The increase in the rate of return from the safe crop investment reduces the actu-

arially fair crop insurance effect on the risky crop investment if the farmers have CARA preference

or DARA preference with Rr(x) ≤ 1.

Proof This can be shown by checking the sign of ∂2Kr
∂θ∂s .

The condition (2) and proposition 4 indicate that the rate of return from the safe crop invest-

ment affects the actuarially fair crop insurance effect on the risky crop investment. For CARA or

DARA with Rr(x) ≤ 1, the provision of the actuarially fair crop insurance affects farm portfolio

heterogeneously according to their rate of return from the safe crop.

By Hennessy and Proposition 3, an increase in the insurance purchase increases the risky crop

investment. And by Proposition 2, the substitutability reduces the demand for insurance and thus,

the investment effect becomes smaller as the rate of return from the safe crop decreases. Also note

that condition (2) depends on the rate of return from the safe crop investment. The farmers with

zero demand for the actuarially fair crop insurance, i.e. who do not satisfy condition (2), are not

affected by the actuarially fair crop insurance. Therefore, the investment effect of actuarially fair

insurance is contingent on the cost of self-insurance.

3.3 Premium Subsidy

As described above, this section focuses on changes from the portfolio with the availability of

actuarially fair crop insurance to the portfolio with the availability of subsidized crop insurance.

Consider the premium subsidy, 0 < γ < 1, which makes the premium equal to π(1− γ).
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3.3.1 Insurance Demand

By substituting π with π(1− γ), the condition for positive insurance demand is

sπ(1− γ)Eu′(x|θ=0) < Eu′(x|θ=0)I(r) (4).

From (2) and (4), the farmers who satisfy

sπ(1− γ)Eu′(x|θ=0) < Eu′(x|θ=0)I(r) < sπEu′(x|θ=0) (5)

purchase the insurance only with the premium subsidy γ. Note that the premium subsidy γ does

not affect the distribution of indemnity payment.

For the farmers who satisfy condition (4) and satisfy the interior solution condition, i.e. Kr2(1 +

θ2π(1− γ)) < K0, their portfolios are characterized with UKr = 0 and Uθ = 0. 4

For the farmers who do not satisfy condition (2), the premium subsidy γ is effective if it is great

enough to satisfy condition (5). From (5), the effective premium subsidy is

γ > γT = sπ − Eu′(x|θ=0)I(r)

Eu′(x|θ=0)
(6).

Any premium subsidy γ that does not satisfy (6) has zero effect on the farm portfolio. The threshold

γT is increasing in s for CARA or DARA. This indicates that in the environments where it is cheap

to self-insure against the farm portfolio risk, the minimum level of effective premium subsidy is

greater than the environments with expensive self-insurance.

4The condition for the interior solution is

Eu′(
r + θ∗I

1 + θ∗π(1 − γ)
K0)(r − s+ θ∗(I(r) − sπ(1 − γ))) < 0.

for θ∗ satisfies

Eu′(
r + θ∗I

1 + θ∗π(1 − γ)
K0)(rπ(1 − γ) − I) = 0.
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3.3.2 Premium Subsidy Effects

The farmers with a positive demand for subsidized crop insurance, i.e. satisfying condition (4),

increase their crop insurance demand with a positive premium subsidy if ∂θ∗

∂γ > 0.

Proposition 5 CARA preference or DARA preference with Rr(x) ≤ 1 is sufficient for ∂θ∗

∂γ > 0

and ∂K∗r
∂γ > 0 (Eeckhoudt, Meyer, and Ormiston (1997), Hennessy (1998)).

Eeckhoudt, Meyer, and Ormiston, and Hennessy show that the optimal insurance purchase and

the optimal investment on the risky asset decreases as the price of insurance increases. Therefore,

the premium subsidy, which decreases the price of insurance, leads to opposite results. The premium

subsidy effect on the risky crop investment is positive under CARA or DARA with Rr(x) ≤ 1 for the

farmers with condition (4). CARA or DARA farmers with Rr(x) ≤ 1 who have positive demands

of actuarially fair crop insurance increase their risky crop investment as the premium subsidies are

provided. Also, by Proposition 3, CARA or DARA farmers with zero demand for actuarially fair

crop insurance, but positive demands with positive premium subsidy γ, increase their risky crop

investment as the premium subsidies are provided.

From Propositions 3 and 5, the part of the positive premium subsidy effect on the risky crop in-

vestment is from the increase in insurance purchase (encouragement effect). However, the premium

subsidy may increase the risky crop investment not only by encouraging the insurance purchase

and reducing the riskiness of the investment, but also inducing the relative profitability effect on

the risky crop investment for the given insurance purchase. In other words, the premium subsidy

can be represented as

∂Kr

∂γ
=

(
1− ∂Kr

∂θ

∂θ

∂Kr

)−1(∂Kr

∂θ

∂θ

∂γKr constant

+
∂Kr

∂γ θ constant

)
(7),

and the term ∂Kr
∂θ

∂θ
∂γKr constant

represents the effect of premium subsidy on the risky crop investment

through increased insurance purchase, and the term ∂Kr
∂γ θ constant

represents the relative profitability

effect of premium subsidy on the risky crop investment. This type of decomposition is parallel to

the decomposition of Eeckhoudt, Meyer, and Ormiston, which defines the direct and indirect effects

of a parameter shift. According to their definition, the encouragement effect is the indirect effect
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and the relative profitability effect is the direct effect.

Proposition 6 CARA preference or DARA preference withRr(x) ≤ 1 is sufficient for ∂θ
∂γKr constant

>

0 and CARA or DARA is sufficient for ∂Kr
∂γ θ constant

> 0.

Proof By treating Kr as an exogenous parameter, using the implicit function theorem,

∂θ

∂γKr constant

= −
Uθγ
Uθθ

and

Uθγ = sπKrEu
′(x)− sθπKrEu

′(x)Ra(x)(I(r)− sπ).

The second term is zero for CARA and positive for DARA with Rr(x) ≤ 1 including the minus

sign. Similarly, by treating θ as an exogenous parameter, using the implicit function theorem,

∂Kr

∂γ θ constant

= −
UKrγ

UKrKr

and

UKrγ = sθπEu′(x)− sθπKrEu
′(x)Ra(x)(r − s+ θ(I(r)− sπ)).

The second term is zero for CARA and positive for DARA including the minus sign.

The encouragement effect is from an increase of insurance purchase due to an increase of pre-

mium subsidies. The demand for insurance increases as the price of insurance becomes cheaper

when insurance and self-insurance are substitutes and the discussion is similar to that of Propo-

sition 2.5 The first term, sπKrEu
′(x), represents the substitution effect and the second term,

−sθπKrEu
′(x)Ra(x)(I(r) − sπ), represents the wealth effect. CARA has zero wealth effect and

DARA with Rr(x) ≤ 1 has a positive wealth effect, which are sufficient for crop insurance and

self-insurance to be substitutes.. With Proposition 3, the encouragement effect is positive if crop

insurance and self-insurance are substitutes.

The relative profitability effect, which is a change in the risky crop investment holding the

5Hennessy has similar discussions in the context of Proposition 5, but only decomposed the entire effect into a
wealth and a substitution effects without separating the encouragement effect and the relative price effect.
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insurance purchase constant, is also a composition of a wealth and a substitution effect. Similarly,

the first term, sθπEu′(x), is the substitution effect and the second term, −sθπKrEu
′(x)Ra(x)(r−

s + θ(I(r) − sπ)), is the wealth effect. The substitution effect is positive regardless of preferences

since the risky crop becomes more profitable without changing the riskiness of the investment. The

wealth effect, from the increase in the expected return from the given portfolio due to premium

subsidy, encourages more investment in the risky crop if the farmers are DARA. CARA has zero

wealth effect.

The encouragement effect is from the substitutability between crop insurance and self-insurance,

and the relative profitability effect is from the substitutability between the safe and the risky

crop. The premium subsidy induces the risky crop investment through two different types of

substitutability. For the farmers are DARA with Rr(x) ≥ 1, crop insurance and self-insurance may

not be substitutes. The encouragement effect becomes ambiguous since the wealth effect between

insurance and self-insurance is negative. The relative profitability effect is still positive. Note that

in the extreme case the overall effect of the premium subsidy may be negative. Therefore, the

weight of the encouragement effect and the relative profitability effect is contingent on preferences.

In some extreme cases, it is possible that premium subsidies function as direct subsidies such as

output price or input subsidies.

Another interesting outcome from the decomposition of (7) is that the share of the relative prof-

itability effect becomes larger as the subsidy increases if there is a maximum limit for the insurance

purchase. The farmers purchase the maximum amount of insurance as the subsidy increases and

after they reach the limit, the only effect of premium subsidy would be the relative profitability

effect. Figure 1 and 2 describes this phenomenon. The effect on the risky crop investment is lower

with a limit for maximum insurance purchase. Also, in Figure 2, the premium subsidies still in-

crease the risky crop investment even after the farmers purchase crop insurance up to the maximum

limit.
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Figure 1: The effects of premium subsidies

Figure 2: The effects of premium subsidies with a limit for maximum insurance purchase

Also, two figures show that there are heterogeneous effects of premium subsidies across farmers

with different rate of returns from the safe crop investment. The rate of return from the safe
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crop investment affects the encouragement effect and the relative profitability effect. The degree

of substitutability between crop insurance and self-insurance, and between the risky crop and the

safe crop depends on the rate of return from the safe crop investment.

4 Conclusions

In this paper, I show that the cost of self-insurance is crucial on the crop insurance purchase. If

the cost of self-insurance is cheap enough, the farmers do not have incentive to participate in crop

insurance programs. The cheaper the cost of self-insurance, the higher the subsidy rate that is

required to encourage farmers to participate in crop insurance programs.

Several portfolio theories are revisited and applied to the context of subsidized crop insurance.

I discuss the conditions for the positive insurance demand and the positive investment effect of

actuarially fair crop insurance and premium subsidy. Portfolio literature and my discussion indicate

that there are a certain set of preferences that are sufficient for the positive investment effect from

actuarially fair and subsidized crop insurance.

The premium subsidy effect on the risky investment is separated into two effects: the encour-

agement effect and the relative profitability effect. Each effect is explained by a composition of a

wealth effect and a substitution effect. The degree of substitutability between crop insurance and

self-insurance, and between the risky crop and the safe crop determine the weight of the encour-

agement effect and the relative profitability effect. If the substitutability between crop insurance

and self-insurance is smaller than the substitutability between the risky crop and the safe crop, the

dominant driver of the investment effect is the relative profitability effect and premium subsidies

function as output price or input subsidies.

Therefore, for the efficiency of policy implementation, it is important to examine the self-

insurance environments, which can be agricultural or financial environments of farmers, and the

risk preferences. The premium subsidy may promote the risky crop investment by encouraging the

insurance purchase but for some preferences it may function as direct subsidies. Implementation of

crop insurance programs should consider these possibilities. Also, further investigations on different
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credit market environments and different insurance contracts, especially for index insurances are

required. It is necessary to examine how different credit markets and different insurance contracts

affect two types of substitutability, and thus the investment decision.
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Appendix

Proof of Proposition 1

Proof Using Arrow-Pratt absolute risk aversion coefficient representation, UKrθ can be rewritten

as

UKrθ = −E[Ra(x)u′(x)(I − sπ)(r − s)]

where Ra(x) = −u′′(x)
u′(x) , which is the Arrow-Pratt absolute risk aversion coefficient. This can be

rewritten as

UKrθ =

∫ sπ

0
u′(x)(I − sπ)Ra(x)(s− r)dF (I(r)) +

∫ Ih

sπ
u′(x)(I − sπ)Ra(x)(s− r)dF (I(r))

with Ih = I(0) and from the first order condition,

∫ sπ

0
u′(x)(I − sπ)dF (I(r)) +

∫ Ih

sπ
u′(x)(I − sπ)dF (I(r)) = 0 (∗)

For CARA and DARA preferences,

Ra(x|r1)(s− r1) < Ra(x|r2)(s− r2) for ∀ r1 and r2

where r1 is any r with I(r) ∈ [0, sπ), and r2 is any r with I(r) ∈ [sπ, Ih]. With (*) implies

UKrθ > 0. And IARA is necessary for

Ra(x|r1)(s− r1) > Ra(x|r2)(s− r2) for ∀ r1 and r2

but not sufficient.
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