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ABSTRACT

The dynamic optimization process of consumptiorsuiance, and debt and its
relationship with farm precautionary wealth are Waed by a stochastic dynamic
model. Both finite and infinite optimization horizcare considered to examine the
effect of retirement plans on optimal strategy pahd the resulting net wealth path.
A risk averse cotton farmer in Mitchell, Georgia, supposed to maximize the
expected utility defined over life-cycle consumptidrrigation, insurance, and credit
are considered explicitly as three strategies fmeawith risk associated with income
shocks. Three types of insurance products, a imadit farm-yield based Multi-peril
Crop Insurance (MPCI), an area-yield based Groupk R*lan (GRP), and a
precipitation based Weather Derivative (WD), arepared to investigate the impact
of basis risk on the optimization process. Effeatdiquidity constraint, premium
loading, market risk, risk aversion level, impatenevel, and interest rate on the
optimal process are examined through sensitivigfyesis.

The results show that the choice variables and stiable wealth evolve over

time to reach a steady-state distribution, whiabvigle insight about the behavior of



most farmers in the economy. The result concermagginal propensity to consume
(MPC) seems to support Friedman (1957)'s PIH themy provides intuition that
poor farmers use a larger proportion of transitogome for consumption than rich
farmers. The result concerning insurance confirnadli€ (2003)'s conclusion, that
wealthier farmers tend to reduce insurance purchase

A variety of sensitivity analysis shows that the@eel shape of the consumption
function c(w) (increasing and concave) is unchanged undernalige scenarios.
Under stricter liquidity constraint, MPC is highendicating that the farmer's
consumption level is more influenced by transitsimpck to their income than that in
benchmark case. More impatient/poor farmers arevsho have higher intention to
invest in insurance for precautionary purposesndfehe insurance is expensive.
Changes in interest rate and in farmers' credit bme shown to have great impact on
consumption, insurance, and debt, which would Bealde for government agencies
interested in monetary policy transmission. Bagk teads farmers to accumulate

desired precautionary wealth and to reduce desistdance holdings.
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CHAPTER 1

INTRODUCTION AND PROBLEM STATEMENT

1.1 IMPORTANCE OF AGRICULTURAL RISK MANAGEMENT AND
MOTIVATION OF THE STUDY

Agriculture has usually been characterized by & kliggree of risk, including market
risk, production risk, and financial risks confredtby producers (Velandiat al
2009). Production risk is typically assumed to im@ge from uncertainties and
variations in weather conditions like drought aneefe, soil quality, pests, diseases,
etc. Market risk is usually involves with uncertas in output prices and production
costs. While market risk typically refers to inmutfput price variation resulting from
the market supply and demand shifts, productidainisludes variability of crop yield
due to spatial and temporal weather, such as egtramfall and temperature events
and natural disasters (USDA, Briefing Rooms 2009).

Risk management means to maintain a certain Idvecome and to avoid or
reduce loss when a bad state happens (Olofsson).2G&0erally people have two
options to deal with disease, danger, etc.: pravgiteforehand or treating afterwards.
For risk, the principle is the same. Olofsson (J0tssifies risk management
options into two classes. One class is to "redheeatctual exposure to risk" (avoid
risk); examples are building stronger wind shelteusing pesticide, applying
supplemental irrigation, etc. Another class isdope with the effect of risk" (accept,

mitigate, and transfer the effect of risk) (Olofiss2010); for example, farmers can



buy insurance and get indemnity payment if the petion is below a contracted level;
for market risk, futures/forward contracting is dge hedge against price variation.
Farmers can also build up reserves, like depositloer types of accumulated assets,
or use credit (borrowing and savings) to mitigatmsequences of unanticipated
income shocks .

In reality, farmers choose a combination of optidos provide the best
protection against various risks (Velandda al. 2009). However, most previous
studies only analyzed a single risk managementrumsnt, very few studies
investigated the simultaneous adoption of thesdrumgents and the potential
interaction among them. In these few studies, Ceblal (2000) investigated the
interaction between new types of crop insurance fandres/options contracts.
However, the authors used a static utility modeicWwhs defined over end-of-season
wealth (W). Linet al (2009) analyzed on-farm risk management includiogh
irrigation and weather derivative contracts; alijouthey analyzed the dynamic
aspect of crop production strategy, they did nalyze the dynamic aspect of weather
derivative contract; in addition, the authors usa&gected utility function which is a
function of net profit for a single year instead afnsumption level for the whole
life-time, and thus only produced discontinuouspest dynamic crop production
strategy for a given optimization period.

Effective risk management should be forward-lookamd should be able to
change continuously over time. As farming entegwiand systems are dynamic and

change over time, which introduce different and rgatterns of risk, new ways of



risk management techniques are needed to be upuiateediately in order to cope
with those new risks and to establish the link leetwva loss and the cause of that loss
(Olofsson 2010). Some papers on hedging and suppjyense model used dynamic
optimization (e.g., Chambers and Lopez. (1984),pK@©87), Martinez and Zering
(1992), Meyer and Meyer (2005)); however, most jmew studies on insurance used
static optimization model (e.g., Hofflandet al. (1971), Doherty (1975), Shavell
(1979), Andersen and Danthine (1981), Sethal (1994), Linet al (2009)).

This dissertation tries to extend L&t al’s (2009) study and to fill in the gap of
the literature by using a stochastic dynamic medelesponding to life-time planning
of consumption, insurance, and credit decisiongh Biaite and infinite optimization
horizon are considered to examine the effect ofer@ent plan on optimal strategies
path and the resulting net wealth path. Life-tinomsumption, rather than one-year
net profit, is now an important determinant of farta decision making. Irrigation,
insurance, and credit (deposit/debt) are considesggiicitly in this paper as three
strategies to cope with risk associated with incemcks.

Agricultural insurance has gained increased atiargince last century as a risk
management tool, by covering losses from adversathge and other risky events
beyond the control of farmers, as well as by papland spreading risk across
economy and through time. However, as pointed putibow (1963), insurance has a
variety of significant empirical problems. Majorgtems include moral hazard, high
transaction cost (high premium loadings), adveedection, insurability, systemic risk

(e.g., Doherty (1975), Chambers (1989), Barnett Skdes (1994), Coblet al



(1996), Liang and Coble (2009), Miranda and GlauliE997)). It is easy to
understand why insurance industry are faced witeldaransaction costs: because of
moral hazard, adverse selection, and catastrojghigroblems, insurance companies
must develop expensive technologies for auditirdyraonitoring individual risks and
for loss adjustment, whose costs are eventuallggehento the policy holder through
a loading on the premium (Skees and Barnett 20D8¢se problems lead to high
transaction cost of traditional insurance, andhatstame time, calls for the emergence
of innovations and new types of insurance products.

Classic crop insurance can be classified into rivain types: indemnity-based
and yield-based (Olofsson 2010). Indemnity-basedrance is based on a measure of
the actual loss incurred by the policy holder, andften caused by single perils such
as fire, hail, windstorm, frost, etc. Yield-basedurance is also called "Multi-Peril
Crop Insurance"(MPCI), which covers against produnctoss caused by multiple
possible perils that in junction affect producti@@lofsson 2010). For both these
classic crop insurance products, actual physicH tor damage is measured in-field,
and the claim is specific to the field/farmer. Thisaracteristic, along with fact that
farmers are exposed to spatially correlated rigks] to the problems of systemic risk
and asymmetric information (Miranda 1991), and asesult, these two types of
insurance schemes need substantial government rsufgtoppa and Hess (2003)
stated that in recent years policymakers oftemoht® design policy instruments that
are more "market-oriented" and can induce farmensse resources more efficiently

and equitably, rather than to rely on free disaatér Under this policy orientation, a



number of studies were conducted to develop inmevand sophisticated insurance
programs, like Group Risk Plan which is based aaatield, Weather Derivatives
which is based on measured weather index at a gweather station, Group Risk
Income Plan which is based on area-income, andnatyze their efficiency and

impact on production, input use, and producerditpand welfare (Stoppa and Hess
2003).

Innovative insurance products include crop are&yiredex insurance, weather
index insurance, livestock mortality index insur@netc. For these new insurances,
the indemnity is calculated based on a public aadsparent index designed to
resemble farmers' loss (Miranda 1991). Miranda 1399 one of the first authors to
call for area-yield crop insurance. A lot of stuglieontended that area-yield crop
insurance and/or other index insurance can proviume effective and better
loss-coverage compared with traditional insuraméthout most of the problems like
adverse selection and moral hazard which are inbéneraditional indemnity-based
and yield-based insurance, although they raisasgwee of basis risk (e.g., Miranda
(1991), Edwardst al (2000), Chan and Black (2004), Skees and Ba(e@s)).

Farmers' reliance on credit as a risk managemeategl protecting against
income variation, on the other hand, introducesiotources of risk in terms of
financial institution's lending decision to farmeltsis difficult to develop procedures
for measuring a farmer's credit risk and deterngirtime cost and availability of the
supply of credit because of the complexity of dreliterminants. One determinant is

the micro-effect of the farmer-lender relationsthipt reflects the lender's concept of



farmers' credit worthiness, which is usually eveddabased on the evidence farmers
provide to assure that credit risk is below theowihg threshold. For example,
financial institutions are unwilling to lend moneéy farmers whose probability of
default (PD) is higher than their established thoés (Deng 2005). Other factors
affecting the supply of available credit might indé banks' own financial situation,
bank regulations, macro-conditions related to mamyéiscal policies (e.g., reserve
requirement ratio), interest rate (related to tndl@), and aggregate economic
performance (affecting credit demand). These fadtdftuence, but are not influenced
by farmers' risk management, as farmers can onlpitorothem as part of their
financial environment. It is thus difficult to coat these factors, which introduced
added uncertainty to farmers.

The risk associated with cost and availability @fdit and the resulting liquidity
constraint on farmers, thus is an added elemefaraiers' risk that would possibly
affect farmers' risk management decisions but l@sbeen accounted for in most
previous studies. Most previous risk managemerdiessuassumed a complete and
perfect credit market, in which farmers can borgainst their future income at the
risk-free rate of interest (Nyambane 2005). Thsuagption, however, has been tested
and rejected in most of the current studies onuwmes theory.

Permanent Income Hypothesis (PIH) has been statddtested in a lot of
previous studies (e.g., Friedman (1957), Hall (39FRavin (1981), Campbell and
Gregory (1990)), and several studies rejected #renanent income hypothesis by

empirically estimating the coefficient of transitoincome in consumption function



(the sensitivity of consumption to transitory inagnand stated that the failure of the
assumption of perfect credit market (the existesfdeyuidity constraints) may be the
reason for the estimated excess sensitivity (Zgjdes (1989), Flavin (1985), Evans
and Karras (1998)). Although there is a debate drether the high Marginal
Propensity to Consume (MPC) should be attributediquidity constraint, it is an
acknowledged fact that borrowing constraint isalitg which is demonstrated by the
practices of banks which use various tools to deitex the credit score and credit
limit for a specific borrower.

If liquidity constraints exist, farmers who buy imance might be viewed by
banks as having lower credit default risk and thage higher credit limit and higher
debt. On the other hand, under the same liquiditystraint, farmers who borrow
more money might have lower net wealth and thus nwybe able to buy insurance
(or need to spend more on insurance because okrhigrecautionary motive).
However, the existing literature on this subjectvesy limited. Among these few
studies, Gollier (2003) argued that with liquidigpnstraint, farmers with larger
wealth would have low or no demand for insurancel that only poor people who
are currently liquidity constrained or who are fée@th catastrophic risk would have
demand for insurance. Nyambane (2005) contendediduéity constraints leads to
an insurance level lower than full insurance aravioled different result concerning
the relationship between insurance and liquiditgst@int compared with the result
of Gollier (2003). While these studies made greantgbutions in this field,

Nyambane (2005) only compared the insurance choigtts and without liquidity



constraint, but didn't examine the effect of diier levels of liquidity constraint (the
severity of liquidity constraint) on insurance ates. Moreover, these studies did not
explicitly analyze the other way around - the imtpa€ insurance on debt and
consumption smoothing, nor did they analyze the fpath of consumption, insurance,
or debt decision.

The real-world multi-instruments risk managemericgice, the dynamic aspect
of risk management, the added risk from credit mgrkre all motivations of this
study, an attempt to explore the dynamic perspestiof management of risks
involved in agricultural production, price variatioand imperfect credit market.
Three types of insurance products, an individuainfgield based Muti-peril Crop
Insurance (MPCI), a county-yield based Group RiglnRGRP), and a precipitation
based Weather Derivative (WD), are compared to @&rthe role of basis risk in
farmer's dynamic decision making as well as theaichf innovations in insurance
and finance on farmers' decision making. The efféédiquidity constraint, premium
loading, market risk, farmers' risk aversion, ingrate level, interest rate, and basis
risk are examined through sensitivity analysisptovide a better understanding of
how these parameters influence the dynamic optiioizgrocess, as well as how a

variety of potential policy interventions influenfamers' behavior.

1.2 RESERACH OBJECTIVES
The main objective of this dissertation is to apahyd update a dynamic life cycle

model for the analysis of risk management and aopsion smoothing. The special



objective is to identify and examine the impacpofential policies and interventions
which are intended to help farmers cope with riskka transmit credit shock and
monetary policy to farmers. To accomplish this tdkk following particular tasks are
pursued:

1. To apply and update a dynamic stochastic motdthwportrays the optimal
life-cycle decisions for a farmer subject to a idity constraint. This would be of
interest to policymakers, deposit/debt financiadtitations, or insurance company
who want to know what is farmers' demand for corion, credit, and insurance
and in what time frame.

2. To examine the relationship between optimal ed®iand the state variable
wealth. This would have implications for policyfimance designs targeted at
different farmers (wealthy or poor).

3. To investigate whether there is a steady statéhe optimization process and
if so, what are the farmers’ decisions and thel tataount and component of the
precautionary wealth portfolio. This information wd be especially critical for
policymakers who want to understand the behavionagt farmers in the economy.

4. To conduct sensitivity analysis under variousrahtive assumptions on the
financial institutions (level of liquidity constrai, premium loading, interest rate), the
market (i.e., output price), and farmers (i.e. gtipreference, risk aversion level). This
would have valuable policy implications for policgiers to understand the impact of
government interventions on different types of fars

It is important to conduct pilot test prior to themplementation of new



agricultural financial services, like new insurance agricultural banks/funds
programs (Skees and Barnett 2006). This informatwould be valuable in

determining the technical design, size, scope, ratidhg of the new services. To
accomplish these goals, a Bellman's Equation ofadyo optimization is used to
simulate results under different scenarios, whigaks the dynamic decision problem
into smaller sub-problems. As our problem is als&stic decision that affected by a
random element (the uncertainty of future incomeour study), a closed-form

solution is impossible or difficult to get (Seat&893). For this reason, numeric
stochastic dynamic programming (DP) is used to @pprate the solution to the

model.

1.3 ORGANIZATION

The dissertation is composed of six chapters. @naptreviewes the literatures on
risk management, including hedging, APH-based arstg and indexes insurance
products, the problems inherent in traditional rasee products, the dynamic models
in related studies, the permanent income hypoth#sistest and impact of liquidity
constraint, precautionary saving, and consumptiooahing in agricultural context.
Chapter 3 provides a conceptual framework on teerthof dynamic optimization of
consumption smoothing and insurance under liquidignstraint, with a brief
description of experimental design on differentetyf insurance products. Chapter 4
provides a more elaborated description of numeyinachic stochastic model of

consumption, insurance, savings/borrowing, and autonary wealth portfolio
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decisions, and presents the results of dynamiccelgpaths, the relationship of the
choices and precautionary wealth, and the impacatetifement plan (which may
induce higher precautionary saving motif) on theuhs. Several simulations on
liquidity constraint, premium loading, market priagsk aversion level, impatience
level, interest rate, and basis risk are repome@hapter 5. Chapter 6 summarizes the

main findings, along with policy implications andggestions.
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CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

The literature pertinent to the present study marearized in this chapter. It provides
a review of agricultural insurance, consumption sthimg, and credit in general. The
review on risk management shows the applicationglifiérent risk management
instruments, the inherent problems in tradition&HA\based insurance products, an
increasing knowledge of and interest in index iasge and its application, the
comparison of traditional Multi-peril Crop Insuran¢MPCI) and index insurance
(GRP and Weather derivative insurance), and theamym method in risk
management literature.

The review on consumption smoothing, liquidity doasit, and credit/savings
reviewed the empirical tests of Permanent Incomeathesis (PIH) (Friedman 1957),
which are mostly the tests of whether the observedsumption is sensitive to
transitory income; the possible reason for thectegja of the hypothesis, which most
studies found to be liquidity constraint; the raad interactions of consumption
smoothing, wealth, savings, and credit in farm@sk' management.

Consequently, the interaction among insurance (MPGRP, and WD),
consumption, debt/deposit, and precautionary wealtrer liquidity constraint, leads
the spotlight shooting on optimal design of dynaragricultural insurance and

financial facilities that is the motivation of tresudy.
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2.2 LITERATURE ON RISK MANAGEMENT

In reality, farmers use a variety of risk managenteols to maintain income, to avoid
risk, and to reduce the loss and damage of the frisk undesirable bad states.
Examples are using credit (deposit or debt) to mainincome; applying irrigation
and pesticide to avoid production risk; purchasmgurance to reduce the impact of
production risk; hedging in future markets to resltiee impact of market risk.

However, most previous studies only analyzed alsinggk management
instrument; very few studies investigated the stemdous adoption of various risk
management instruments in farmers' portfolio ana potential interaction among
them.

Among the studies on a single risk managementumsnt, Hofflanderet al
(1971) examined the implications of using a weatidximizing model to determine
the optimal amount of property insurance to covstracture or plant and to estimate
the contribution of insurance to long run profitaii The wealth maximizing model,
noted by the authors, is equivalent to maximizdil&yufunction of the cumulative
return on a firm's net worth over many decisioniqes. The author also conducted
sensitivity analysis to examine the impact of tax@genses, and the firm's capital
structure on the optimal insurance decision antherong run profitability.

Doherty (1975) is one of the first studies thatlesgd how the expected utility
equation can be applied to the risk managementr@nse) situation, and used the
expected utility framework to examine how rationak management decisions are

influenced by the structure and level of insurapoemium. He concluded that the
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relationship between insurance and loss preverngidnghly dependent on the size,
structure, and nature of the premium loading.

Shavell (1979) analyzed the relationship betweeents) and principals'
attitudes toward risk and the Pareto-optimal fdeedales. He studied the contractual
arrangements related to the amount of fee thaihaipal should pay to his agent, and
argued that the Pareto optimal fee arrangement beuable to allocate and share risk
appropriately and to provide good incentives tdufice the agent's activity. The
author concluded that both the agents' attitudegard risk and the principals'
attitudes toward risk play an important role in edetining the design of the
Pareto-optimal fee schedules.

Mean-variance criteria have been used a lot inriglemanagement literature.
Andersen and Danthine (1981) derived optimal deoistules based on the
mean-variance criteria in hedging in futures markéd examine how price
expectations and production possibilities affeet diptimal futures and cash positions.
They proved that a hedging ratio under a mean-vegiariteria is analytically the
same as the hedging ratio using variance minimimeghod if spot position is fixed
and determined beforehand and if the futures méces satisfies the conditi&idF)
= 0 (i.e., follows a martingale). The author suggedhat as long as the market spot
prices and the prices in the futures market usednhémlging purposes are related
(correlation is not equal to zero), there is anarpmity to hedge.

In the literature of hedging, Myers and Thomps®8d) argued that there is no

appropriate simple regression approach to optiradfimg ratio except under special
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circumstances. The reason, as they stated, i thiatple regression only estimates a
slope parameter that is equivalent to the ratiothef unconditional covariance
(between the explanatory variable and the dependnble) to the unconditional
variance (of the explanatory variable); howeveg, diptimal hedging rules should use
conditional covariance and conditional variancehesrules should be based on the
available information when decision is made. Thehans thus developed a
generalized approach for the estimation of optilmedge ratios on the basis of the
conditional covariance and variance that is coodéd on information available when
decision is made. The authors then used the gé&redahpproach to evaluate the
appropriateness of conventional simple regresgipnaaches in an empirical study of
storage hedging of corn, soybeans, and wheat. Tieswlts found that simple
regression using the levels of price or revenuddda errors in optimal hedge ratio
estimation but the simple regression using changegrice or revenues provides
reasonably accurate estimates.

Regarding the utility function used in the liten&tua lot of authors proposed to
use a decreasing absolute risk aversion utilityst&p (1983) examined the utility
indices with the property of decreasing absolutsk raversion (DARA) and
established the characterization of decreasinglatiesosk aversion utility indices. He
stated that the necessary and sufficient condftorDARA utility index is that the
index is the indirect function related to a concame non-decreasing utility function
of consumption for an infinite optimization horizoSahaet al (1994) developed a

method using Expo-power Utility to study the riskeesion aspect of wheat farmers in
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Kansas including both relative risk aversion ansioétte risk aversion, which did not
impose any restriction on the structure of riskrai@ and permitted joint estimation
of production technology, risk aversion level, atructure of risk preference. Their
results rejected the null hypothesis which assunedrality of risk, in favor of the
alternative hypothesis which assumed that the fegimeKansas exhibited decreasing
absolute risk aversion with respect to wealth amdeasing relative risk aversion
(DARA-IRRA).

Among the few authors who investigated the intéoacbetween different risk
management instruments, Coleteal (2000) examined the interaction between new
types of crop insurance and futures/options cotgradhe authors conducted
numerical analysis which incorporated futures prizasis, and yield variability, and
examined optimal futures and put ratios in the gmes of four alternative insurance
coverages. A positive relationship was found betwgield insurance and hedging
levels. Revenue insurance, on the other hand, aasdfto result in slightly lower
hedging level than yield insurance did, but thatrehship between hedging level and
revenue insurance was still positive. However,at#hor assumed that the producer's
objective function is the expected value of a wtilunction which is function of final
wealth and assumed that the portfolio would becseteaccording to the expected
utility criteria, and thus it was a static portfiolinodel under uncertainty.

In the literature on problems and innovations cumance products, many
authors recognized that insurance products havariety of significant empirical

problems (Arrow 1963). Major problems include mohalzard, adverse selection,
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high premium loadings, insurability, systemic riskg.

Arrow (1963) pointed out that moral hazard is oh¢he inherent problems of
insurance. He stressed that insurance providestines for the individual to change
their activity, which leads to moral hazard probldie provided an example of moral
hazard problem in medical care industry, with tihhermmpmenon that the demand for
medical care increases as a result of the widedpnedical insurance.

Doherty (1975) followed the work of Arrow (1963ndiexamined the "moral
hazard" argument, which as he stated, is relatédetdact that insurance discourages
expenditure on loss prevention: as people are ealstar get payment when actual loss
happens, they would not do necessary precauticaaigns to prevent the loss from
happening.

Chambers (1989) pointed out the persistence of radveelection and moral
hazard problems that impeded the development apiitapion of crop insurance. He
also pointed out the concept of insurability, aakhted insurability to the availability
of rational individually-tailored insurance prodsictin other words, whether the
insurance products can make both principals andtadeetter off compared with the
situation without insurance. The author examined #ffect of moral hazard on
agricultural insurance indemnity schedules for tamsabsolute risk aversion farmers,
and provides results showing that moral hazard ey to lower deductibles.

Barnett and Skees (1994) analyzed two criticalareseissues related to MPCI:
price elasticity of MPCI and the impact of changesmsurance premium on the total

expected insurance indemnities and total expeawgance revenue. They confirmed
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that price elasticities of demand would be différen insurance buyers with different
expected insurance indemnity, and presented atyarfigecent empirical estimates of
the MPCI price elasticity from some other studies.

They also contended that: as insurance premiumeasess, total expected
indemnities received by farmers should decreasausec of the decrease in total
insured acres; however, total premium (loaded) magereceived by insurers should
increase due to the overall inelastic demand. Eiey stated that while it is possible
that the increase in insurance premium may caugersa selection, it is impossible
for it to cause increase in the loss ratio if therall demand is inelastic.

Cobleet al (1996) used a random-effect, binomial PROBIT nhedéh data of
a panel of wheat farms in Kansas to examine theatngf adverse selection on MPCI
demand. They classified adverse selection intottypes: spatial and inter-temporal,
and focused on the inter-temporal aspect of adveetection. They developed a
model that includes weather variables and the &irst second moments of both the
revenue from crop selling and the indemnity frosuirance.

The estimated predictive power of weather variatses assumed to represent
the inter-temporal aspect of adverse selection. @&bémated price elasticity of
insurance demand is -.65, confirming that insurashemand is inelastic. The results
also indicated that while the first and second mmashef return to crop selling and the
first and second moments of return to insuranceewagnificant, the weather
variables were not significant. The author thuschased that the data did not support

the hypothesis of inter-temporal adverse selection.
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Miranda and Glauber (1997) stated that "withoubraf&ble reinsurance, private
crop insurance markets are doomed to fail becaystersic weather effects induce
high correlation among farm-level yields, defeatingurers’ efforts to pool risks
across farms." The authors used an empirical mdsiudy the U.S. crop insurance
market, and found that if there was no systemig, ngelds were stochastically
independent across farms, and the portfolios gb areurance companies would only
have 1/50 to 1/20 risk compared with the currettasion. They proposed to use area
yield reinsurance contracts which would, as thestest, enabled crop insurance
companies to mostly mitigate the systemic riskropdoss.

Liang and Coble (2009) employed a trans-log costtion analysis method to
investigate the existence of moral hazard in coboy-up insurance for Mississippi
cotton production. Their results found that perea@yricultural input cost is
statistically significant in predicting farmers'ttan buy-up insurance decision; and
they concluded that moral hazard can affect agrticall input usage, and whether the
effect is decreasing or increasing is ambiguoud, @gpends on specific production
condition in a given year.

As all APH-based agricultural insurance schemegpkgued by these problems,
they need substantial government support in omlesutvive, which does not solve
the problems. A significant number of studies wewaducted to develop innovative
and sophisticated insurance programs to offer nediiective loss coverage and to

alleviate the problems rooted in traditional inswwe products.
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Miranda (1991) is one of the first authors who egd to develop area-yield
crop insurance, whose premium rates and indemratiesalculated on the basis the
average yield of some surrounding area (e.g., atgpunstead of on the farmer's
individual yield. The author suggested that areddyicrop insurance would offer
better loss coverage than traditional individua#iifored insurance, by solving most
of problems like information asymmetry, systemais&, adverse selection, and moral
hazard that impeded the development of traditidederal agricultural insurance
program.

Edwardset al (2000) summarized and compared the importantackenistics
of the different categories of crop insurance. WHWultiple Peril Crop Insurance
(MPCI) and Catastrophic Insurance (CAT) insuranoedpcts are based on actual
farm-level yield, Crop Revenue Coverage (CRC) araldRue Assurance (RA)
insures against individual revenue risk and indeéesiare defined over the actual
farm yield and futures price at harvest, and GrBigk Plan (GRP) insures against
county level production risk and indemnity is based county yield. The authors
stated that most of the insurance products carub®mized and offered to farmers
with different needs, by selecting different pramed yield coverage levels, selecting
add-on features, etc.

Chaffin (2009) compared the cumulative probabititgtributions of net yields
with and without insurance to analyze the effetsounty and farm trigger insurance
policies on risk mitigation and transfer and alsalgzed the factors that contributes

to basis risk. The author used case studies tk theccorrelation between farm yields
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and county yields, in order to examine the relaiop of the farm-county yield
correlation and basis risk in risk transfer perfanoe. The results indicated that the
farm location and spatial diversification resultviariations in the farm-county vyield
correlations, which lead to basis risk, and theisbaisk is directly related to the
county trigger insurance's risk transfer perforneaoocmpared with no insurance and
with farm trigger insurance.

Skees and Barnett (2006) studied how to enhanceofimance and microcredit
with Index-based Risk-Transfer Products (IPRTP#$jictvis composed of a variety of
index-based financial risk management instrumepigtidns, bonds, derivatives,
insurance products, etc.) designed to transfeetaied risks between parties; thus far,
the major pilot programs include: Group Risk IncoRretection (GRIP) and Group
Risk Plan (GRP) which are offered by the U. S. FFald€rop Insurance Program;
catastrophe insurance (CAT) and options which aedumostly by casualty and
property insurers; and weather derivatives basedhjactively measured weather
index like cumulative rainfall and heating degressy (HDD) (Skees and Barnett
2006).

Skees and Barnett (2006) noted that while mosthefdurrent rainfall based
IBRTPs are over-the-counter products, standardieetperature (like HDD) based
IBRTPs are traded in exchange markets for mostyggnsectors in some major cities;
most IBRTPs based on weather indexes are custoraizéffered to the end users
with different needs and sold by reinsurers. Thth@s stated that in developing

countries where traditional insurance and finandratitutions are plagued by
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asymmetric information, systematic risk, and higinsaction costs, the use of index
insurance contracts offers great opportunitiesfacrofinance entities (MFES), as
IBRTPs transfer systemic risk into global marketiéminate the potential problems
like adverse selection and moral hazard, and hawerltransaction costs because of
lower cost in monitoring and loss adjusting procedd’ he authors also summarized
the largest challenges of IBRTPs: finding low-ocdslivery mechanisms and the basis
risk inherent in IBRTPs.

Mount (2002) analyzed the feasibility and impactwafather derivative contract
in energy section. Specifically, the author combdimeforward contact and a collar
option, and investigated the advantages of thi& nsanagement portfolio in
protecting against the risk involved in purchasatgctricity. The author found that
making peaking power expensive strengthens theteffmess of price signal, and
that the portfolio of risk management instrumemisréases the correlation between
weather derivative indemnity and high spot markeises, and thus offers advantage
over single weather derivative tool.

Brix et al (2002) addressed the data and technical issug@sicng weather
derivatives based on temperature indices as riskagement instruments. They
started by considering dynamics of the historicahther data and described how to
forecast weather, including how to estimate andoramthe trends. They then
proceeded to analyze the application of the si@gisinethods for modeling weather
indexes (daily temperatures), including both norapeetric distribution and

parametric time-series modeling, and in particthay showed that traditional ARMA
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time-series models are not adequate for modelinly iamperatures. The authors
then derived a modification of the Black and Schdiermula which is the main
formula of the no-arbitrage model of pricing finalaerivatives in a liquid market.
The authors expected that a liquid weather dexigatnarket would emerge and
develop in the future, and thus anticipated thaarmitrage pricing will in some cases
replace actuarial methods; however, for most weatlexivative contracts that
currently are not yet liquid enough to justify ndsigrage pricing, the authors stated
that the most reasonable valuation approach wilticae to be the actuarial methods.

Richards and Sanders (2004) examined the usefulbiessmperature-based
weather derivative product in protecting againsodpiction risks for nectarine
growers in California. The authors developed arurzsce pricing model that
considers the weather derivative with the undedyindex of cumulative cooling
degree days (CDD) as one of traditional financistets, and allowed for the
properties of time-varying volatility, mean revensj and discrete jump diffusion
instead of continuous diffusion processes.

They adapted and applied a variety of statistieatst to identify the proper
stochastic process of the underlying CDD index ttweth defined the price of weather
derivative based on an equilibrium pricing modeingsthe parameters of the
stochastic process through a Monte Carlo simulatiethod. They found that under
alternative stochastic process assumptions regattim underlying CDD index, the
obtained weather derivative prices are signifigandifferent, indicating that

mis-specifying the stochastic process of the weaih#ex underlying the weather
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derivatives contract can lead to mis-pricing of thea derivatives insurance.
However, their study concerned only the weatheivdgves for a single region,
without the consideration of basis risk associatgd adjacent weather stations.

While these studies made important contributionsthe innovative risk
management literature, all the above cited studiesd static models to define
decision makers' objective function. While Bret al (2002) and Richards and
Sanders (2004) considered the dynamic aspect ofutiderlying indices (e.g.,
temperature), they didn't analyze the dynamic datigprocess of the weather
derivative parameters (e.g., farmers may chooderdift limit parameters and thus
different priced weather derivatives for differdithe period, under their dynamic
optimization decision scheme). The following settisummarizes studies using
dynamic models of decision process, of which mostret focused on insurance, but
can shed some light on our study on dynamic riskagament.

In the literature related to dynamic models, Chaaad Holt (1990) pointed out
the importance of linking empirical supply resporesed economic theory in a
dynamic framework, and that risk and risk behawaoe important in agricultural
production decisions. They thus tried to develomareage supply response model to
estimate a system of risk-response acreage eqsatiwnU.S. corn and soybeans
producers. Their results suggested that risk araltiveariables have great impact on
the crop acreage decisions.

Chambers and Lopez (1984) applied a general dynaamtnuous time model

with infinite horizon to the analysis of generabply response model. The authors
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discussed certain properties of "a general automsmontrol model" and emphasized
the potential empirical applications of the modelgricultural economics, resource
economics, and related fields.

Karp (1987) analyzed the joint hedging/productisnbtem - how futures and
forward markets influence the production decisiaith special emphasis on two
aspects of the problem: dynamics and productioremsainity. The author stated that,
if the initial decision is affected by the antidijpm of future revision, which implies
that the current price is not an unbiased estin@téuture price in every period, then
the dynamic model is an improvement over the statidel.

Uncertain production was the second aspect theornudmphasized: "If
production were certain, the farmer could sell #mire crop forward to obtain a
known present value of revenue". However, if prddurcis stochastic, the producer
needs to decide whether to over-hedge or underehadipg another strategy. Thus,
the author developed and solved a dynamic hedgoagehwith stochastic production,
and analyzed the resulting distribution of revenueerically. The results confirmed
the hypothesis that optimal future hedges would@hmsen dynamically based on the
most current information, which "enables the artalys select the risk aversion
parameter that results in the preferred distributibrevenue”.

Sargent (1987) presents a variety of dynamic dayuilin models that were
developed to simulate the time path of economiceggies and to predict the impact
of alternative government policies on these agdesgd he author described dynamic

numeric programming technique, optimal dynamic dlownodel, and dynamic
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arbitrage pricing models, etc., and provided appilinis of these dynamic models to
real world prediction of economic indexes like netgt rates, stock prices, and option
prices.

Martinez and Zering (1992) emphasized the poteetiapirical applications of
dynamic model to the optimal hedging problem fabgdcorn producers in North
Carolina. The authors assumed that the actual lkewei-yield, yield basis at harvest
in futures market, and futures prices in futuresrke@are all unknown, and by
estimating their values and their variance and damae, they managed to calculate
the optimal dynamic hedging ratio. They provideffedent conclusion compared
with Karp (1987)'s, and concluded that if producamlate their hedge position
infrequently during the crop growing season, thengussions and gains from the
dynamic hedging would only be slightly larger thibat from a fixed hedge position.

Myers and Hanson (1996) solved a discrete-time miymaedging problem with
basis risk using expected utility maximization efid. The author stated that the
estimated hedging ratios are valid for any incregsand strictly concave utility
function. They also stated that as no particulaapetric form was imposed for the
utility function, and no specific distribution wassumed for cash and futures prices,
and thus the dynamic hedging ratios can be estdrsiteilarly as that in estimating
static hedge ratios.

Farr and Luengo-Prado (2001) proposed two methodsotve a nonlinear
expected utility defined over dynamic consumptimtjuding both consumption of

durables and consumption of nondurables. One meathodlled the "Euler Equation
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Iteration” and the other is the "Finite-State Appneation”. The authors stated that
while the Euler Equation lteration is a fast aneégse method for inter-temporal
consumption models which can apply the Euler Equaltieration framework and be
solved rigorously; for some multidimensional prabewith geometric structure that
cannot apply the nonlinear Euler equations, it sgible for a Finite-State
approximation method to approximate the Euler Hquatteration solution with
relatively good precision.

Meyer and Meyer (2005) examined the disparity ia émpirical estimates of
relative risk aversion coefficients, and investightthe relationship between these
estimates. In the study, the authors compared i8le aversion based on utility
function defined over consumption, and the riskreio® based on value function
defined over wealth, and stated that the relatipnghinfluenced by the relationship
between the objective functions, or the outcoméabdes. The authors proposed to
use a time separable utility function to adjustaious of reported relative risk
aversion levels and to eliminate the problem relateincomparability of estimated
relative risk aversion measures.

While these studies were not directly related to study, they offer us the
concept and methodology of dynamic modeling andd sight on our study of

dynamic optimization of consumption, insuranceddreand precautionary wealth.
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2.3 LITERATURE ON CONSUMPTION SMOOTHING

Permanent Income Hypothesis (PIH) has been statgdested in a large number of
previous studies. In Chapter Il of Friedman’s (IP5book, Theory of the
Consumption Function, the author proposed to teasumer's measured income for
some time period (e.g., a year) as the sum of mg®ent income component and
transitory income component. The permanent compaedlects the effect of factors
which determines household's wealth - nonhuman tlvgakoperty, capital value,
money, etc.) and human wealth (training, abiligtgonality, occupation, location, etc.)
The transitory component reflects other factokg Accidental or chance occurrences,
cyclical economic fluctuations, etc.

Friedman (1957) stated that it is unnecessary éedpscribe the meaning of
permanent income, which should best be determimedata and with the intention to
interpret the data.

Friedman (1957) formally stated the permanent iredmypothesis as four
hypotheses: 1. The ratio of permanent consumptiggetmanent income depends on
the ratio between nonhuman wealth (property) awcorire, the level of impatience
and prudence (demand for current consumption vevgadth accumulation), and the
risk-free interest rate, but does not depend onatheunt of permanent income. 2.
Consumer's measured income consists of permanamaand a transitory income.
3. Consumer's measured consumption is consist ohgeent consumption and
transitory consumption. 4. Correlation coefficiefustween transitory income and

permanent income, between transitory consumptichpgmmanent consumption, and
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between transitory consumption and transitory ineare all zero. Friedman (1957)
noted that the fourth assumption, especially thseumgtion that the correlation
coefficient between the transitory consumption tadsitory income is zero, is a very
strong assumption. It implies, as Friedman (195@)ed, that “consumption is
determined by rather long-term considerations, I&t &any transitory change in
income lead primarily to additions to assets oth use of previously accumulated
balances rather than to corresponding changesrisuoaption.” It is also primarily
because of this assumption that a lot of subsequéhbrs questioned and tested this
hypothesis.

Hall (1978) tested the PIH with time-series postwata. He stated that the
hypothesis implies a strong stochastic property wigile consumption lagged one
period should have a non-zero coefficient and thasge predictive value in the
regression of current consumption, the lagged Wweddtgged actual income, and
consumption lagged more than one period should Hatl (1978) provided an
explanation related to macroeconomic theory, tlsatas previous consumption
incorporates all information about the well-beirfiggonsumers at that time, then other
factors should have no additional predictive powsdall (1978) stated that the
life-cycle PIH does not imply that current measurezbme has no explanatory value.

To test the hypothesis, Hall (1978) regressed aupson on previous first
quarter's consumption, and previous four quartéegksprices. As the reliable
quarterly data on property values (wealth) wereawaiilable, Hall (1978) used stock

prices instead, and stated that "tests of the randalk hypothesis do not require a
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comprehensive wealth variable, so a test basedamk prices is appropriate, even
though the resulting equation does not describestituetural relation between wealth
and consumption." The results found that changespnevious first quarter's
consumption and changes in previous first quartsttek price are statistically
significant in predicting changes in consumptiohust rejected the pure life
cycle-permanent income hypothesis.

The author explained the result by recognizinggabletween the corresponding
consumption changes and permanent income changsud®e "some part of
consumption takes time to adjust to a change imaeent income." As previous first
quarter's stock price is related with permanenvnme int-1, and permanent income
in t-1 is related to consumption tr(because of the lag), then previous first quarter's
stock price should have predictive value in thedjmtéon of the consumption in
period t, and thus the data are compatible with thodification of the hypothesis
which "recognizes a brief lag between changes irmpeent income and the
corresponding changes in consumption™.

Hall (1978) contended that the discovery that symoes have predictive power
in predicting consumption function actually suppadtte random-walk hypothesis as
stock prices themselves follows a random walk ithgtion with trend. In particular,
the author suggested that no factors except cucmrgumption have predictive value
for the prediction of future consumption, and tifiahe life-cycle PIH is correct then

consumption would obey an AR(1) process.
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The policy implications from Hall (1978) is thats @resent consumption has
incorporated all information related to householslfare, including information
about future changes in policy, future consumptiwould only be affected by
"unexpected" changes in policy which would havee@ffon permanent income. It
should be noted that Hall (1978) did not imply thaticies affecting income have no
effect on consumption; actually he argued thatomg) las the policy is unexpected
(new information about policy instruments) and affiect permanent income, it could
have an impact on consumption and the impact wbeldermanent.” The author thus
concluded that "the policy analyst must answerdiffecult question of the effect of a
given policy on permanent income in order to pred effect on consumption.”
(Hall 1978).

Flavin (1981) tested the PIH by analyzing the dffgfccurrent income on the
prediction of future income and the consumptionusiipent to the changing
expectations about permanent income. The authal aseautoregressive-moving
average (ARMA) time-series analysis and a struteranometric model to quantify
the changes in permanent income and consumptiarc@adby an innovation in the
current income process. Their empirical resulteatejd the permanent income
hypothesis statistically, as the estimated coefficion current income for the
prediction of consumption is greater than what peemanent income hypothesis
implies, even after taking into consideration thetfthat current income plays a role
of signaling permanent income changes, thus suggeshat there is "excess

sensitivity of consumption to current income".
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Hall and Mishkin (1982) investigated the role oftlbdransitory income and
permanent income in predicting future consumptibfood with data from the Panel
Study of Income Dynamics (PSID) on about 2000 hbakks' consumption and
income. The authors revealed that while permanecwne plays a larger role in
consumption prediction than transitory movementsingome, the coefficient on
transitory income is also statistically significamind positive, indicating that
consumption still responds positively to transitorgome.

The authors also found that although the obseres@r@tion of income and
consumption failed to support the pure Permanectrie Hypothesis for around 20
percent of households, the majority of the data eampatible with the hypothesis,
thus supporting the general PIH. The authors cowftr Hall’'s (1978) statement that
unexpected policy which can affect permanent incoméd have a larger impact on
consumption than temporary policies (e.g., temgomcome tax policies), even if
they are of the same magnitude.

Mankiw (1982) expanded Hall's (1978) framework twspwar U.S. Data and
showed that consumption of durable goods shouldt Hxes characterized as
ARMA(1,1) process instead of AR(1) process. Thehautlso found that the data
rejected the expanded model which includes bottaldergoods and non-durable
goods, as it was revealed that their ability ob&@sting expenditure is the same. The
results thus are contrary to the theory that laggémmation has no predictive power
in forecasting consumption of non-durable goods anly has predictive power in

forecasting consumption of durable goods.
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Hayashi (1982) restated and tested the permaneoimim hypothesis with
rational expectations using an instrumental vaggaliechnique on the post-war U.S.
aggregate time-series data. Hayashi (1982) revethladthe PIH was decisively
rejected on the time-series consumption from thdioNal Income and Product
Accounts. However, the results accepted the permtameome hypothesis on a
consumption series which included service flowsnfrdurables, which were different
from the one used in National Income and Produatofiots, and were calculated as
the product of the amount of durable consumptiahthe sum of the risk-free rate of
interest and the depreciation rate of the durabtmlg.

Campbell and Mankiw (1990) used aggregate postwar tata and nested the
PIH in a model with higher generality, in which wan change the real interest rate
and the utility function has the property that temsumption of non-durables and the
consumption of other goods (e.g., government expaed, consumption of durables,
and labor supply) are inseparable, for the purmdsexplaining the disparate results
regarding the soundness of PIH. In the model coessiare classified into two types,
one type decides their consumption based on cumeoine instead of permanent
income (spends current income on consumption), thadother type decides their
consumption based on permanent income instead afertuincome (spends
permanent income on consumption).

By estimating the percentage of income that goesotsumers who spend
current income on consumption through an instrualerdriables (IV) approach, the

authors can determine whether the data suppoRltieThe estimated percentage of
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income which goes to consumers who spend theieotuincome on consumption
was significant and was equal to 0.5, implying ttied PIH was rejected by their
results. They conducted another test by regressimgumption on its own lags for
years from 1953 to 1985, and found that some aneffis were estimated to be
statistically different from 0 at the .1% significee level. They thus confirmed that
their results rejected the permanent income hygathevith the implication that it is

possible to predict changes in consumption becaossumption does not follow the
random walk process as shown in their results.

Carroll (2001) argued that a lot of empirical sasdihat found evidence to reject
the permanent income hypothesis in the 1970s a®@®sl@ctually misinterpreted
Friedman’s (1957) work, and should be regarded upparting both his original
description and the updated version of the moddeunincertainty. The author cited
the Hall and Mishkin (1982) paper as an examplethaf misinterpretation of
Friedman's (1957) PIH. Hall and Mishkin (1982) estied the marginal property to
consume to be about 0.2. Instead of treating thisvadence supporting Friedman's
PIH, Hall and Mishkin (1982) used a threshold 0®9).and argued that as this
estimate was much greater than 0.05, PIH was egjdxy more than 15% to 20% of
consumers.

Carroll (2001) stated that a lot of professionsiméspreted Friedman's concept
of the PIH as the certainty equivalent or perfece$ight models (which predict the
MPC to be 0.05 or less). In fact, as Carroll (200ad)ed, the MPC out of transitory

income was actually asserted by Friedman to betadl83 rather than 0 implied by
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the PIH, and the main point of Friedman’s papersha the MPC for a typical
consumer should be much smaller than 1 in contashe “Keynesian” model in
which consumption simply corresponds current inconf@onsumption is
approximately equal to current income as state@Gdayoll (2001)).

Moreover, Carroll (2001) argued that Friedman ()9&3d already pointed out
the problem of liquidity constraint, or more spemfly “capital market
imperfections”, which states that there is uninbleguture income uncertainty and
that it is difficult to borrow under this income aertainty, and that Friedman (1963)
had pointed out that it is because of this reabah ¢urrent consumption was only
slightly affected by distant future labor income.

Pozzi and Malengier (2007) investigated the soussird imposing certainty
equivalence assumption to consumption functionlooking at how the assumption
affect the estimated coefficient of transitory imm in consumption prediction (the
sensitivity of consumption with respect to trangitincome) with a panel data on
consumption and income in 17 OECD countries froi®111® 2003.

They derived a nonlinear consumption function whécttompasses two types
of individuals: one type is rule-of-thumb consumevkose consumption is only
determined by their current income (spend theiremirincome on consumption),
while the other type is forward looking optimiziremmd prudent consumers with a
precautionary motive to save, who possibly wouldehhigher expected growth rate
of consumption and higher MPC out of current incafogver MPC out of wealth)

than that implied by certainty equivalence.
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They used a Generalized Method of Moments (GMM) hoeét on
untransformed consumption function, instead of timethod of transforming
consumption using growth rates, quasi-differenoedirst-difference, to estimate the
sensitivity of consumption with respect to trangitmcome without information loss.
A Lagrange Multiplier hypothesis test, which impdse restriction that the expected
consumption growth rate is equivalent to that ura#etainty equivalence, was used to
test for the certainty equivalence assumption.

Their estimated sensitivity of consumption with pest to transitory income
was 0.369, implying that the percentage of thet fisgpe of consumers (the
rule-of-thumb consumers) is approximately 36.9%e glowth rate of consumption is
estimated to be 1.024, higher than that impliedeure@rtainty equivalent assumption
for all different risk aversion levels, implying ah the certainty equivalence
hypothesis is rejected, and thus they concluded ithevould result in a serious
mis-estimation of the percentage of rule-of-thuminsumers (consumption only
depends on current income) if certainty equivalesdaeappropriately imposed to the
model. Their results concerning sensitivity of aamption with respect to transitory
income actually can be regarded as consistenttivgiPIH since the estimated MPC
was 0.369 in this study, similar to the estimatatl® in Friedman (1957)'s model
0.33.

In the literature related to liquidity constrairiElavin (1985) reviewed the
previous empirical studies on the Permanent IncHyp@othesis and summarized that

almost all of the tests had rejected the hypotheBie author classified the null
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hypothesis in empirical literature into three hypses that includes: 1) rational
expectations, 2) permanent income determines cqotsam and 3) perfect capital
markets, where agents can borrow or lend agaimpstaad future income freely at the
same interest rate. The author mainly focused entlird part and attempted to
determine the relationship between perfect capitarket assumptions and the
estimated sensitivity of consumption with respeatdrrent income.

The study examined a simple "Keynesian" model afsoonption behaviour,
which assumed, as stated by Flavin (1985), thabéievioral marginal propensity to
consume (MPC) was different from zero, and regartthésl hypothesis as a specific
alternative to PIH. The author used unemploymetet t@approximate the percentage
of the population who were faced with liquidity straints, and used a generalized
version of the econometric model to conduct a $jgation test of the "Keynesian"
consumption function.

The estimated function showed that the estimatefficeent on unemployment
rate was statistically significant in predicting MPut of transitory income and the
coefficient was sufficiently large, indicating thtae estimated MPC was dramatically
affected by the unemployment rate, and thus théoausuggested that liquidity
constraint was a significant factor that led to theserved "excessive" sensitivity of
consumption with respect to transitory income (ewéBr taking into consideration
the fact that current income plays a role of signglpermanent income according to

Flavin (1981)).
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While the author made an important contributiomeoognizing the importance
of liquidity constraint in consumption theory, thathor seemed to misinterprete PIH
and considered it as implying marginal propensityconsume (MPC) to be zero. In
fact, the results only correctly rejected the hipsts that MPC is zero, and attributed
the non-zerio MPC to liquidity constraint, but sty did not reject the PIH,
according to the arguments of Carroll (2001).

Zeldes (1989) also investigated consumption anddity constraints with data
from the Panel Study of Income Dynamics (PSID) onetseries/cross-sectional
households' consumption and income. The author asetbdel which assumed a
constant relative risk aversion property of thelitytifunction and took into
consideration the uncertainty of stochastic incoiifee author classified households
as subject to liquidity constraint if the borrowiagainst future labor income was not
allowed, which was assumed to be embodied by ttietiiat their current net wealth
was lower than their 2 months’ value of permaneocbine.

The hypothesis that individuals’ consumption decisi depended on the
sequence of borrowing constraints was then testedmerical technique was used to
give an approximation to the solution. Their reswdtupported the hypothesis that
liquidity constraint affected the consumption folaege share of the population. The
impact of interest rate was also analyzed withdbeclusion that in periods of low
interest rates household tended to have high groimtlonsumption. Their results also
showed that future liquidity constraints, whichdionly in certain future states, could

effect consumption similarly as the current bindomgpstraints.
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Rosenzweig and Wolpin (1993) studied the interacimong the accumulation
of durable production assets, consumption smoottand liquidity constraints. With
household data on bullocks and profits, they esgtha dynamic structural economic
model with finite-horizon. They used the estimasédictural parameters to assess the
effects of policies that related to providing assusources of income to farmers on
the life-cycle accumulation of bullocks, farm ptsfiand welfare.

Chah et al (1995) developed and tested a new model to imast the
optimization process and the stochastic implicatiaf the dynamic consumption
(including both non-durables and durables) undgridity constraints. They used an
"error correction term from the long-run cointegrgtrelationship between durables
and nondurables” to represent the existence oerutinding liquidity constraints.
That is, if the hypothesis of binding liquidity csimaints is true, then the error
correction term would have non-zero coefficienthe prediction of consumption of
non-durable goods and services. They used aggrelgte to test the stochastic
implications empirically, and their results supparthe hypothesis that the presence
of current binding liquidity constraints, instead wule-of-thumb consumption
behaviour (responds simply to current income)hes largest reason for the fact that
consumption is sensitive to transitory income.

Evans and Karras (1998) investigated the relatipnsh substitutes or
complements - between different types of consumptiath data from sixty-six
economies. Their results showed that while militagypenditure and private

consumption could be regarded as complements, titamiexpenditure and private
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consumption were more like substitutes. Evans aadds (1998) also studied the
relationship between liquidity constraints and eomer saving and consumption
behavior. The results showed that the stricterlidpgidity constraints, the smaller
saving rates and the more volatile the transitocpime.

Gross and Souleles (2000) investigated how the ™imaptimal consumption
and debt change with the changes in liquidity aamst and in interest rates using a
database of credit report information on severahdned thousand credit card
accounts. They found that the total debt increasgsificantly with an exogenous
increase in households' credit limits (lower ligtyidconstraint), especially for
liquidity constrained individuals whose debt wasntheir limit; even for people not
subject to binding liquidity constraint, they wdoaind to significantly increase total
debt.

Comparing these results, the authors found tha&tr aficreasing households'
credit limits, the optimal debt would keep relalwveonstant and be stabilized at
some level when the level of remaining credit c#gagas roughly the same as that
before the increase in the credit limit.

Gross and Souleles (2000) also used the modeldlaiaxthe fact that a lot of
individuals use credit cards for consumption andhat same time hold other low
yielding assets. As for the effect of account-sfieanterest rates, Gross and Souleles
(2000) found that "debt is particularly sensitive large declines in interest rates,
which can explain the widespread use of teases.latdeir results also showed that

the elasticity of debt with respect to intereseratas estimated to be approximately
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-1.3, a large proportion of which was reflectedney decrease in total debt, and some
of which was embodied by switching balances amaaditcards. The high elasticity
implied that total debt burden was significantiysiéve to the variations of interest
rates.

Carroll (2001) questioned the previous studies teated whether the high
marginal propensity to consume was due to liquidibystraint. He argued that the
necessary condition for the high marginal propgnsitconsume is "impatience" and
a precautionary saving motive, rather than ligyidibnstraint. According to Carroll
(2001), same behavior can be generated by theyireesary saving motive as that by
a liquidity constraint, as the precautionary demdod saving would act like a
self-imposed constraint from borrowing, which wouldurn reduce consumption and
debt, just in the same way as the effect of liguidionstraint on consumption and
debt. Thus, average behavior, as the author swegijesthiould be determined mainly
by the degree of impatience, not by liquidity coaisits.

The author argued that "most of the existing erogirstudies that supposedly
test for constraints should probably be reintegatets evidence on the average degree
of impatience", and suggested researchers in ttea ahange their focus from
detecting constraints to measuring the averageedagfrimpatience.

Carroll (2001) stated that in many cases, theredsneed to differentiate
liquidity constraints from precautionary motivedave. However, in cases where it is
needed to distinguish them, for example, when anadythe effect of credit supply

related policies on consumption, it is difficult @istinguish them using Euler
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equations. Carroll (2001) contended that a potentethod to distinguish the two
factors is to look at the net holding of wealths{gad of growth of consumption).
Thus, in our study, we analyze wealth holding tstidguish the impact of the
precautionary motive from the impact of the ligtydconstraint. However, as our
model include both saving and insurance as premzary motive, rather than treat
wealth holding as precautionary saving, we treadltheas composed of two parts,
precautionary saving and insurance purchase, @adl tihe remaining part of wealth
after subtracting insurance premium as precautjosaving.

Nyambane (2005) examined the effect of liquiditystoaints on insurance by
two methods: a mathematical proof and a numericaramming using ASDP
algorithm. The author supported the hypothesis ¢h&inding liquidity constraint
would have the effect of reducing optimal covertma point below the full coverage
level; specifically, in a perfect credit market,tife insurance is fair, then farmers
would choose maximum allowable coverage, and iirikarance is positively loaded,
then farmers would reduce coverage below the maximilowable coverage.

In an imperfect credit market, farmers would redwmeerage below the
maximum allowable coverage, whether the insuraadair or loaded. However, the
author did not analyze the impact of "severity" ligjuidity constraint, nor did he
specify explicitly the other way - whether/how thesurance and the severity of
liquidity constraint would have an impact on congtion smoothing and credit. The

time paths of the decision variables were not aeal\either.
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2.3.3 PRECAUTIONARY SAVING, CONSUMPTION SMOOTHING,AND
WEALTH ACCUMULATION

Leland (1968) described the precautionary demamdséving as "extra saving"
induced by the uncertainty about future randomnmeolLeland showed that it is not
enough to ensure the precautionary motive for spwiith only the assumption of risk
aversion. Leland thus introduced assumptions oteicerisk properties of utility
functions to ensure the positive precautionary rgavinduced by uncertainty.
Specifically, Leland (1968) stated that it is nesegg for a proper utility function to
have a characteristic that its third derivative pigsitive (which is also called
"prudence" property).

Rosenzweig and Stark (1989) studied marriage, mmgraand consumption
smoothing using longitudinal data for the consuomwtf South Indian villagers. The
authors sought to explain the mobility patternsnofration induced by moves of
women for marriage through consumption smoothireptyy and pointed out that in
the South Indian village where there are high afigtcovariant risks and information
costs, the migration caused by marriage of daughtan be viewed implicitly as
interhousehold contracts for the sake of reduciagiability of household food
consumption and facilitating consumption smoothing.

The authors then analyzed the empirical longitudit@a on consumption
patterns, income, and marital arrangements in Séudian households, and the
results were found to confirm the hypothesis, ti@ marriage induced migration

resulted in a significant reduction in the volailof consumption. Rosenzweig and
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Stark (1989) also found that villagers whose psofitere more volatile are more
inclined to get involved in long-distance migratioduced by marriage. They thus
concluded that their model based on consumptionoimmy theory has advantages
over the standard models that focused on stat@mecgains and search costs.

Deaton (1991) considered the saving behavior forsemers who were not
permitted to borrow (fully liquidity constrained)nlike most of the previous studies
that attributed the sensitivity of consumption imquidity constraint, Deaton (1991)
recognized the importance of impatience and prémaaty demand for saving in the
presence of uncertainty in determining househalaissumption and saving behaviour,
and stated that when labor income is i.i.d. ovareti and consumers have high
discount rate (being relatively impatient), theenaiction between the liquidity
constraints and the precautionary saving motivelde@a a high demand for assets
holding, as assets perform as a buffer stock tr@egts consumers against a sharp
drop in consumption when bad states prevail.

The author then presented his results for a lipidonstrained representative
agent under different income process scenaridabir income process is stationary
but positively autocorrelated, saving and consuomptvould be contracyclical over
the business cycle; that is, "assets are still tsdaliffer consumption, but do so less
effectively and at a greater cost in terms of foreggconsumption”; if income process
follows a random walk, the behaviour would be conisig all their income and there
is no saving. The author summarized that aggredeie saving behavior can not be

generated by an agent who is subject to a bindqgdity constraint even if she/he
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receives aggregate labor income. If his/her acimedme follows a random walk,
there would be no saving; and if incomes are paditiautocorrelated, then saving
would be contracyclical over the business cyclendof these scenarios generates the
aggregate saving behavior.

Deaton (1991) pointed out, although a lot of hootdh are not subject to
liquidity constraint and thus not behaving as pné=e before, the microeconomic
model of saving with liquidity constraints in thgaper can explain a significant
number of important facts in the reality that canbe explained by traditional
life-cycle models.

Paxson (1992) examined the relationship betweersakeng behavior of Thai
farm households and their transitory income dueatofall variations. Specifically,
Paxson (1992) estimated marginal propensities\ue && consumption smoothing in
the face of unexpected income shocks, using thress€sections and time-series of
regional rainfall, income, and expenditure data Ttwai rice farmers. Rather than
measuring permanent income directly and treatiagsitory income as a residual,

Paxson (1992) decomposed income into transitory aowtransitory (i.e.,
permanent) components through explicit estimatérasisitory income. Time-series
regional rainfall and cross-sectional householdine was used to estimate transitory
shocks to income due to rainfall variation. He fddhat the marginal propensities to
savings were high, and thus confirms that savingeewsed to smooth consumption
and to mitigate the impact of income fluctuationdahat "farm households save a

significantly higher fraction of transitory inconttean nontransitory income."
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Besley (1995) reviewed the literature related tomarket institutions in
low-income countries with the duties of helping iinduals cope with risk and
providing individuals with credit, and analyzed tinelated issues by using the
methodology and insights from mechanism design rthecontract theory, and
information economics.

Besley (1995) stated that savings only has limé#ect on mitigating the risk
of fluctuating income, and thus proposed otherrgeanents for risk sharing, such as
inter-temporal trading contract between individualsrisk and credit transferring and
sharing.

He then provided specific examples and describehtim detail, such as group
lending with joint liability, which acts like a #ssharing contract; credit cooperatives,
where a group of households borrow funds from & lmarfrom the government and
then distribute them among the group members in foren of debts; credit
associations and rotating savings, where a groumdi¥iduals allocates a pot of
funds to one group member and then rotates amongpers, either by lot or bidding.
While these mechanics are proposed and offerecbwn ihcome countries, they
provided insights regarding developing innovativénahcial institutions in
low-income counties in developed countries.

Lopez et al (2000) examined how effective the alternativedisinstruments
were in raising national savings and affecting qiév consumption, using a large
panel data on time-series and cross-sectional holds® savings and consumptions in

industrial and developing countries (41 countriesyf 1975 to 1992). They firstly
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reviewed the related literature and pointed out thast previous studies rejected the
Ricardian Equivalence hypothesis, which statedithatsociety composed of rational
forward-looking consumers, national savings and/gte consumptions are only
affected by the amount of permanent government reipge, but not affected by
how to finance the government spending (e.g., m fibrm of debt, inflation, or
taxation). They attributed the reason of rejectoribinding borrowing constraints”,
which affected "a large share of consumers in bad¢veloping and industrial
economies."

They used a nonlinear instrumental-variable panethod to estimate a
consumption model for private households in whiso tategories of agents exist:
agents with finite horizons which induce them tsigs higher weight to present in
the utility function than to future, and agentstwfull liquidity constraints which
make them unable to optimize inter-temporally amastnduce them to consume all
their disposable income (myopic).

The authors also took into account the public condion (government
spending) that can influence consumption of privaaseholds through the channel
of budget constraint. They found that the resukgeated the full Ricardian
Equivalence in all the samples, and stated thatdjeetion is mainly because of the
existence of constrained individuals rather thanabee of the finite horizons. In
addition, they found that industrial and developicguntries had significant
differences in their households' consumption bedravt the share of the constrained

(Keynesian) consumers was considerably smallerndustrial countries than in
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developing countries, and the share of householus nternalized the government
budget constraint rather than only looked at futtares is larger in industrial
countries than in developing countries.

Their findings related to fiscal policy disturbascicluded that, in order to
raise national saving, the cuts in temporary gawemt expenditures were more
effective than the rise in temporary taxes, as ¢hes in temporary government
expenditures do not cause the offsetting effedugeng private savings) for both
constrained and unconstrained consumers. The eliifer between the discount rate
(representing time preference) and the risk-free o interest is another important
factor contributing to the effect on private congion and national savings of fiscal
policies.

In Chapter 15 of the book "The Economics of Risk dime," Gollier (2001)
examined how the level of current saving is affédtg an expectation of future risk
at a given level of wealth, and how the sensitiatysaving with respect to change in
wealth - the marginal propensity to save - arecéde by an expectation of future risk.

Later, Gollier (2003) examined the impact of preémmary saving on the
demand for insurance with liquidity constraint wveasamined in a dynamic lifecycle
model. In the model it was assumed that the inserraisk did not have serial
correlation, and that farmers followed a time-vgrimsurance-credit strategy to
accumulate buffer stock wealth. The control vaediolr the insurance decision was a
deductible level, which as Gollier (2003) state@swgoverned by the willingness to

limit the risk borne by risk-averse agents at areptable cost, given the deadweight
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loss of insurance loading." While it offered anigis of insurance design, it should be
noted that in reality insurance companies empldyeimore complex designs of
insurance products. The risk/uncertainty was matedéher arbitrarily, by assuming a
probability of 10% that the consumer would lose 7&Rincome.

Gollier (2003) concluded that compared with theultsssuggested by classical
static insurance models, the dynamic model inditdabat the demand for wealth
accumulation leads to a substantial decrease isucoers' insurance purchase, and
implied that insurance may not be demanded fora@isumers holding high level of
wealth; and that only consumers who have bindingeat liquidity constrained, or
who are in the face of catastrophic risk, may nesdrance. The author thus stated
that this model partly explained the reason whyueh an economy the insurance
sector provided a low level of added value whichdie to the low demand for
insurance.

Lamb (2003) analyzed the effect of off-farm labor @dnsumption smoothing
and on the use of fertilizer by developing a twoigek dynamic model. Their analysis
showed that the deepening of the off-farm labor keftar(higher share of
nonagricultural work and lower unemployment rateréased the fertilizer demand
and the level of consumption smoothing, controlfiogexogenous weather risk.

The results suggested that on-farm production dfrfaom labor markets could
be regarded as complementary in an environment wntip production risk and
financial risk, as promoting the depth of the affih labour market would also

increase farmers' on-farm input use and thus botstdarm production. Therefore,
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policies with the effect of deepening off-farm laboarket may simultaneously be
useful in increasing farmer's productivity and easing their welfare in low-income
areas.

Ravi (2006) examines the savings decision of a déionisl when faced with an
income shock. In particular, the author analyzed lam idiosyncratic income shock
affects the saving behaviour and asset portfoliol by a household. He provided
results showing that income variability contributespoverty of rural households by
leading them to reduce stocks of productive assedgo increase liquid assets.

The author further classified the income shock itM@ categories: income
shock related to health, and income shock relatedveather, and classified the
households into two categories: nuclear and jantilies. The results revealed that
there are important differences in savings andtges#folio behavior between these
two household categories and two income shock odateyy Specifically, when faced
with income shocks related to health, nuclear hiooisis would reduce their stock of
productive illiquid assets, while joint families uld reduce liquid assets.

A more important result indicated it was more ljkdbr the income shocks
related to health to contribute to the poverty wfat households than the income
shocks related to weather, as income shocks reiateealth would induce consumers
to accumulate liquid assets and to reduce moreuptiv@ illiquid assets. Therefore,
Ravi (2006) proposed that policy interventions @alth infrastructure might be more

effective in poverty reduction than policy intertien in weather infrastructure.
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CHAPTER 3

CONCEPTUAL FRAMEWORK

3.1 INTRODUCTION
This chapter provides a conceptual framework whidluresses essential issues
involved in solving the dynamic risk managementopem in the recently developed
forward looking stochastic models. A dynamic statitamodel is developed to
derive the optimal choice paths of consumption ghiag, insurance, and debt and
their relationship with precautionary wealth foriempatient and risk-averse farmer.
The following sections in this chapter describeg tiietailed conceptual
framework of the Bellman's Equation of dynamic ppzation, specific mathematical
programming techniques used, the optimization roiteunder the risk management
framework, and the experimental design for différggpes of insurance products

under the dynamic framework.

3.2. BELLMAN'S EQUATION OF DYNAMIC OPTIMIZATION

The discrete time, discrete state dynamic Markaisiten model can be characterized
as follows: consider a farmer who seeks an optipwicy which predescribes a

sequence of optimal actions (dynamic choices)ghatild be taken at any given time
and state, with objective of maximizing the lifeag expected utility which is the

expectation of the sum of current utility and adeseof future utilities discounted by a

time preference factor over a time horizon (Gomet 2007):
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max(EU ) =E,» B'U(C,) (3.1)
T

where E, is expectation operatofj is the time preference factor (discount
factor) which is negatively related to farmers'cdisnt rate;U (.) represents a utility
function depending on consumption; a@] is the consumption at time period t.

This dynamic Markov decision model can be solved analyzed using the
Bellman's stochastic dynamic programming (DP) matdsleloped by the American
mathematician Bellman in the 1950s. The basis nieth@essentially developed on
the basis of the Principle of Optimality articultby Bellman (1957): "An optimal
policy has the property that whatever the inititdtes and initial decision are, the
remaining decisions must constitute an optimal gyolwith regard to the state
resulting from the first decision” (Miranda 2010).

According to Bellman's Principle of Optimality, tlgtimal policy (a sequence
of optimal choices) that maximizes the value fumctfor the whole time period has
the property that afteyperiods, the remaining optimal policy for the onigli problem
is still optimal for the remainder of the value ¢tion afters periods. Therefore, the
optimal policy is time-consistent and would not degdrom the original plan when
time advances (Violante 2000). Bellman's Principle Optimality thus enables
analysts to break a dynamic optimization problento isimpler sub-problems
(Miranda 2010). In other words, the dynamic probleam be solved backward by
recursively solving Bellman's equations to findm& consistent” policy functions.
Violante (2000) noted that the time-consistencypprty of optimal policy does not

apply to all settings, as it depends on the reeensature of the dynamic problem.
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The life-time expected utility function thus can toensformed into a Bellman's
equation, which in essence describes a situatioaravia rational, dynamic, and
forward-looking optimizing agent needs to make a&iglen to optimally balance

between an immediate reward and expected futurardsyMiranda 2010):

Vi(s) =max [f (§.%) + LEV..(S4)] (3.2)
subject to:
St+l = g (s’xl ’£t+1) (33)

In Equation (3.2),V,(s,) is the objective function, which represents theiea
function contingent on the statetat f,(5,x,) is the immediate return function &t
which could be a function of the state vectsr, and the control vectorx, att
(f,(s,x) can also be a function of just control vectyy).

Equation (3.3) is the equation of motion (transiteguation) describing how the
state vector evolves through time.; is random shock which represents uncertainty

involved in the transition path of the controllddte variable.

3.3. DYNAMCI MODEL OF CONSUMPTION SMOOTHING AND INSRANCE
UNDER LIQUIDITY CONSTRAINT

For the specific problem in our study, Bellman'siatpn illustrates how a rational,
dynamic, and forward-looking optimization farmerooses an optimal policy that
describes the action (consumption, insurance, aeiot)dthat should be taken,
contingent on time and state (Gomez-Soto 2007).oftienal policy prescribes three

dynamic choices: (i) consumption decisions, whishdirectly related to immediate
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reward in each sub-period; (ii) insurance decisiovisch is for risk management and
precautionary purpose and influences the expecitiedef reward, and is regarded as a
proportion of farmers' precautionary wealth; (idgedit decisions, which include
beginning-of-season debt decisions for the financeonsumption, insurance, and
production for the whole year, as well as end-@fse@a deposit (precautionary saving)
decisions for precautionary purpose for the futideth consumption and insurance
decisions indirectly relate to the decision thatvhamuch debt should be used. As
precautionary saving (deposit) is just the remajrpart of precautionary wealth after
subtracting insurance, and as insurance is onlynall sfraction of precautionary
wealth, deposit is not very different from precantry wealth, and thus the time path
of deposit will not included in our results.
The Bellman's equation for the problem faced bgraner is formalized below,

based on the methodology of Gollier (2003), Nyangh#&2005) and Gomez-Soto

(2007):
Ve (W, PopueYe) = max [U + BEV,; (W PoupuYien)] (3.4)
Subject to:
W, = (1+7) (W €St -G, ) + Pyypys’ +indemnity (3.5)

where w1 is a vector of state variable wealtd; is the immediate reward
(utility) in periodt; r is market interest rate; production costs is natecbst, and is

assumed as a known fixed amouqt;is consumption;p; is insurance premium;

Putputytf is another vector of state variable, which isizeal individual farm revenue

(o]

(labor income, or more properly noncapital incomédemnity is noted as

indemnity which is the possible indemnity the farmer may nezefrom the

54



insurance company (0 or positive)..1is end-of-season wealth, or cash-at-hand for

precautionary motive, and is composed of precaatipnsaving and insurance

purchase. As deposit and debt are using the saereshrate, we treafw,,,-p,,, 8s

end-of-season deposit (precautionary saving) fore tluture, and treat

[-(w,, €ost,,,-C,,1-P,;)] @S  beginning-of-next-season net debt to finance

consumption, insurance, and production for the whgear. They are treated

separately to better understand the optimizationgss.

The problems related to durable goods investmemtnat considered in our
model. Carroll (2001) argued that even in the exisé of durable goods, the behavior
of buffer stock saving still emerges as long assoomers are sufficiently impatient.
Therefore, this study does not take into considmmaturable goods like vehicle,
housing, and farming equipment.

The realized individual farm revenue (labor incoroe,noncapital income) is
interpreted in this study as composed of permamenmt-capital income and a
transitory shock, according to Friedman (1957)edman (1957) stated that it is
unnecessary to prescribe the meaning of permanentmie, which should best be
determined by the data, with the intention to iptet the data. Carroll (2001) pointed
out that for each non-self employed household énShrvey of Consumer Finances,
the permanent income was the measured income ghigifies the two conditions: 1)
be equal to or greater than $5000; and (2) be teg@s "about normal."

Labor income introduces uncertainty into the futpagh because it is uncertain
when the decisions are made. The uncertainty ceraidhere is explicitly uncertainty

rated to revenue changes, as opposed to the ragtuoh uncertainty in Samuelson
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(1969) and Merton (1969)'s studies, who showedith#te presence of rate-of return
uncertainty, consumption behavior is not very ddfg from the perfect-foresight
model.

Equation (3.5) is a transition function, which gom& how the state variables
evolve along the optimization horizon: the stockpoécautionary wealth is equal to
the sum of farmer's revenue from crop productiod passible indemnity payment
from insurance, after repaying the money borrowed donsumption, insurance
purchase, and production for the whole year anphigsest rate for this period. Thus,
the interest rate in this sense is another soufctheo credit risk (in addition to
liquidity constraint), which influences the amounit net wealth accumulated the
following period.

Assume an imperfect credit market, a liquidity dosisit is imposed:

W, — COSt, -G-p, >= minnet (3.6)

where minnet is the minimum net wealth permitted (can be negafti
representing the credit limit imposed on a farnmealhperiods. For example, -1500
$/acre means that the amount of money farmers carow cannot exceed 1500
$/acre at any time. Under liquidity constraint, dednnot exceed a given amount.

Also subject to transversality condition:

!im B'w, =0 3.7

which rules out the perpetual debt; that is, peoplenot just borrow the funding
today to repay yesterday's debt for an infiniteaqeerthey must eventually pay back

all the debt (Nyambane 2005). We further assumtetiieafarmer's debt cannot exceed
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minimum possible revenue from the next period aidpiction. This in effect rules out
perpetual borrowing.

In our study, the immediate reward function is ftwemer's utility derived from
consumption. Empirical studies have demonstratatifdrmers in many areas exhibit
the property of decreasing absolute risk aversibARA) (e.g., Epstein (1983),
Mahul (2002), Saha&t al (1994), Gomez-Limon (2002)), and stated its nemes

mer 2

uu +u

condition, i.e., R;(c):_ = <0. Given u'>0, u"<0, the necessary
u

m

condition of DARA would be the convexity of marginatility, that is: u” >0
(Mahul 2002). The utility function used in this dyusatisfies these conditions. The
widely used representation of utility with the cheteristics of constant relative risk

aversion (CRRA) is parameterized as (kiral 2009):

ct
U =—"-<0 .
T, &B

where y represents the relative risk aversion coefficignstead of using net
return as its argument, the utility function isidetl over consumptioq.

The optimization process is: at the beginning-afsem for a year, farmers
would decide the magnitude of consumptionfor the whole year, the parameter of
insurance he would purchase (which determines ntiserance pricey), and the
amount of money he would like to borrod(w, —cost,-g-p, . Pebt is determined
right after the two other control variables areided. At the end-of-season for a year
t, farm yield,y,, is realized; the farmer gets paid by the amountnafemnity (O or

positive) from the insurance company which is basedhe difference between farm
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yield and contracted yield level, precautionary lieacash-on-hand,w,,) is
accumulated, which is the total net wealth the &arhmold on hand (accumulated total
wealth as opposed to marginal increase in weaditd, is composed of two types of
assets: one deposit with a financial institutiod another one with insurance.

A variety of sensitivity analysis will be conductéal investigate the effects of
the variations in parameters on the total amoudtamposition of the precautionary
wealth portfolio composed of insurance with inswercompanies and deposits with
financial institutions. For example, the analysis the liquidity constraint, on the
transaction costs incurred by the insurance pugshasich is captured in the
insurance premium loading, on the price of outpatfarmer's relative risk aversion,
impatience (discount rate), on the effective interate on the debt/deposits (assumed
to be same for debt and deposit), etc.

The model has two state variables, net wealth, ($/acre), which can be
negative or positive (negative means in debt), imadized revenue (county level or
farm level), which introduces random shock to thedei; two control variables,
coveragecou, which stands for the percentage of the expecield govered by the
insurance, or limit parameter in WD ca&ewhich directly affect insurance payment
indemnity and insurance pricg in the model, and consumptiap which is the total
consumption for a given year. Delft-(w, —cost,-G-p, , )§ a mixed state and choice
variable which is determined (after determining twe control variables) to finance

consumption, insurance, and production for the wlyelar.
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Compared with static models, our dynamic Bellmamlel induces a rational,
risk averse, and forward-looking farmer to accuntauf@ecautionary wealth, either as
precautionary savings (deposit) with financial itogtons, or as insurance holdings
with insurance companies, to protect consumptiomfa sharp drop when bad states

prevail.

3.4 EXPERIMENTAL DESIGN

To investigate how the farmer's optimal choiceywaith the nature of the insurance
indemnity and pricing schedule, the model is solveder three alternative designs of
insurance products, namely farm-level yield basedtidperil Crop Insurance (MPCI),

county-level yield based Group Risk Plan (GRP), anecipitation based weather
Derivative (WD). Under the GRP scheme, indemnitgakulated on the basis of the
difference between actual county yield (kg/acred #re yield insured by the farmer

(which is equivalent to the product of the chosewetage and the expected county
yield in our study), instead of on the individuakrh loss. Under the WD scheme,
indemnity is paid on the basis of the differencéwieen regional rainfall and the

rainfall index insured by the farmer during theured period.

MPCI DESIGN
For the MPCI design, it should be noted that ircpca, a variety of individual farm
yield insurance products are offered and tailoreih \@dding on features to satisfy

farmers' different needs, and thus we are unabdxamine all of the possible designs.
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The MPCI design in this section is a general anthk scheme which maintains the
key features of the MPCI contracts. Based on thdies of Edwards (2000), Deng
(2005), and Nyambane (2005), the strike of the Mpfduct is assumed to be the
expected farm yield, the indemnification index (irence payout trigger) is realized
farm yield, and the indemnity is calculated accogdio the difference between the
share of the expected farm yield covered by therarsce and the realized individual
farm yield. Based on the Edwards (2000) and DE&@5) studies, the premium is
given by:
_l1+a

p=—FP

ey  wpulE Max(0,coy * strike — ;') (3.9)

whereo is a loading parametex & 0 means a loaded premium insurance, while
a < 0 means a subsidized insurance).

Based on Nyambane’s (2005) study, the transitionatgn represents the
relationship between state variable and controlabées and describes the evolution

of the state vector through time:

Wy = (1+ r) ( w _COStt -G-P ) + I:)outputytf
+P

output

| (3.10)
max (0, strike * coy - y;')

GRP DESIGN

For the GRP design, the strike of the contracthis éxpected county-level yield
(kg/acre), the indemnification index (insurance @&y trigger) is realized

county-level yield, and the indemnity is calculatttording to the shortfall of the
realized county yield compared with the part of thepected county yield that are

covered by the insurance (Edwards 2000). Based emg2005), the premium is
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given by:

+
:1_aP

t 1+r1 output

E max(0,coy,* strike — ;) (3.11)
where y; is the realized county level yield for a given yeBased on

Nyambane (2005)'s study, the transition function is

Wiy = (1+ r) ( w _COStt -G ) + I:)outputytf
+P

output

| (3.12)
max (0, strike * coy, - y¢)

WD DESIGN
Weather derivatives can be designed as swap, aradl,put contracts with weather
indexes as the underlying derivatives, which inelugrecipitation, temperature,
snowfall, etc. For example, weather derivativesedasn heating degree day (HDD)
are traded in the market and the major sellersfisugee energy sectors with the
objectives to reduce the risk related to extremrmptratures and/or make trading
profits (Zeng 2000). Weather derivatives have videyible designs which make it
possible to develop innovative products to satiafyners’ different changing needs.
The weather derivative contract envisaged her@dgsided on hedging against
lower-than-average-rainfall, and thus functions mdike a put option on the
precipitation. Specifically, it triggers an inderynpayment based on the shortfall of
realized rainfall compared with a certain contrectdrike rainfall amount for a
specified time period. Based on Brix (2002), Ridsaf2004), and Liret al. (2009),

the indemnity payment schedule is given by:
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0, if i, >0

indemnity = mx |- "I if Al <i <i; (3.13)

A

1, if i, < A

where i; is the strike, which is the contracted rainfall amt; i, is the
rainfall index which is measured at some weathatist specified in the weather
derivative contract for the insured period; thdemnityat timet is paid if i, falls
below i; ; mis the maximum indemnity, which specifies the maxin payment a
farmer can get from the weather derivative confraod in our model the highest
possible irrigation cost is used to approximate meximum liability; Ai; is the
limit parameter which decides the threshold of fdinvhen maximum indemnity is
paid, i.e.mis paid if i, falls below Ai, .

The particular properties of the underlying weathetex pose challenges of
pricing weather derivatives.

First, because the precipitation underlying thethweaderivative is not publicly
traded, it is impossible to use no-arbitrage opfioning (e.g., Black-Scholes formula)
to define the price of weather derivatives. As ¢hé& no market price for the
underlying precipitation, this kind of weather dmtive can only be traded
over-the-counter, which limits the use of the ttiadial derivative pricing models to
price weather derivatives.

Second, the traditional actuarial approach forrasoce products is also difficult
to be applied to weather derivative pricing, beeauos statistical difficulty, as the

distribution of precipitation underlying the weathéerivative has high variance

62



which makes it difficult to estimate and to dravbust statistical inferences (Zeng
2000).

Third, because the economic exposure to weathkeransl thus the economic
loss caused by precipitation shortfall are differ@mong farmers, reliably estimating
the level and volatility of economic gain from weet derivatives for different farms
to calculate fair premium is problematic (Zeng 2000

The pricing approach with the Kernel smoothing rodttand DSSAT crop
simulation model is proposed here to alleviategh@®blems. The Kernel smoothing
method does not rely on data belonging to any @aar distribution, nor does it
assume the structure of a model. The DSSAT croplation model provides a more
reliable way of linking the relationship betweeregpitation and yield than the
traditional regression model, and thus providesesteb way of estimating the
economic gain from purchasing precipitation baseshther derivatives and thus
facilitate the weather derivative pricing.

To derive the probability density functidi(i) of i,, a non-parametric Kernel
smoothing method is used. The formal definitionnaged by Denget al (2007), is
that: for index realization of,, t = 1, 2, ..., T its kernel density function can be

expressed as:

h(i)=%iK(

whereK(.) represents the kernel functionrepresents the degree of smoothness

-,
A)

(3.14)

and is called bandwidth (Dergg al 2007).
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Based on Dengt al. (2007), the pricing scheme on the precipitationedas
weather derivative contract depends iq*)r,l/lt, m, and the probability distribution of
I,, and can be specified as follows:

_l+a . . :
P = 1o, j indemnityh (i) d (3.15)
The transition function is:

Wi = (1+ r) ( w -COStt -G-P, ) + F’outputytf
+indemnity

(3.16)

The control variables, namely the consumptipand the limit parametéy; are

selected so as to maximize the Bellman's Equatidhe last section.
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CHAPTER 4

NUMERICAL STOCHASTIC DYNAMIC PROGRAMMING

4.1 INTRODUCTION

As the future per-period revenue (labor incomejinsertain when agents make the
decisions (i.e., per-period revenue is chosen mahdérom a 31-year historical yield),

it is impossible or difficult to derive a closedrio solution to the problem of dynamic

optimization of consumption, insurance, and cré8aater 1993), although it can be
mathematically proved that optimal consumptiontiEetly increasing with respect to

wealth (Carroll 2001).

Numerical techniques have been regarded as onbkeofuickest methods to
approximate the solution to a model with relativegjpod precision. (Farr and
Luengo-Prado 2001). Bellman's equation is solvedhieycollocation method in our
study, which approximates the Bellman equation dylwning and solvingn basis
functions (Miranda and Fackler 2001), and a stamhadynamic Monte-Carlo
simulation is used to examine how the system egobxer a 30-year horizon starting
from a given initial condition.

This section presents and describes the stateblesjacontrol variables, model
parameters, and how the MATLAB DDPSOLVE algorithamde applied to solve the
stochastic dynamic Monte-Carlo simulation modehuineric solution of the optimal
paths of consumption, insurance, debt, and prewzary wealth is provided for the

benchmark case. The relationship between choigablas and precautionary wealth,
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and the steady state statistics for the choice saaté variables are provided and
analyzed. Both infinite and finite horizon optimima results are presented to
investigate the effects of a retirement plan ondyr@amics of consumption, insurance,

credit, and precautionary wealth.

4.2 INCOME UNCERTAINTY, PRODUCTION COST, AND PRECAUONARY
WEALTH
One of the two state variables in the model isizedl revenuePoutpmytf, which
introduces random shock to the model. Due to lichitarm-level yield data, the
Decision Support System for Agro-technology Trangi@SSAT) crop simulation
model is used to determine optimal irrigation siggtand to simulate farm level yield
data for 31-year (from 1976 to 2006) cotton produrcin Mitchell, Georgia. DSSAT
is a computer simulation model developed by a sgralip of modelers and system
scientists, which combines the models (programmdedRTAN), databases (dBASE
or .dbf format), and an application program (in BESinto computer software and
provides users with easy access to simulate, amalgmd display outcomes of
alternative crop production management strategiedeiu a specific environment
specified by the user (irrigation, fertilizer, wiat station, soil type, etc.) (Soler
2009).

The DSSAT model evaluates the soil water balanca ofop on a daily basis,
and the limit to which water can be applied is @pui for the model which is usually

calculated as the difference between saturatedruppie and lower limit (SUL-LL)
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(Soler 2009). Irrigation schedules in our study rare-based scheduling, that is, the
rules (e.g., irrigate at 40% means the thresholdrrafation is 40% of soil water
capacity (SUL-LL) and when irrigation is neededwill refill soil water to field
capacity) determine the timing of irrigation ane thmounts to be applied. Outputs
from the crop simulation model are later incorpedatnto an economic model to
determine the optimal irrigation scheduling and them level yield for 31-year
production. For simplicity, we assume the optimaligation strategy is not
time-variant; that is, the economic model that detees the optimal irrigation
strategy is the expected utility function of onexyerevenue, not the dynamic
Bellman's Equation. Therefore, the main attent®mpaid to dynamic financial risk
management (insurance and credit), rather tharymardic production management
(irrigation).

A production costost= $592.45/acre is calculated, which include vdeawosts
and fixed costs. As fertilizer application is fixéor a given crop, fertilizer cost is
classified as a fixed cost. All costs except iiigga data are obtained from The
University of Georgia/Extension Agricultural and plied Economics office.
Irrigation cost is assumed to consist of two pastemping cost and application cost.
In this study, application cost is set to be $12 @eplication, and assumed to be
constant. Pumping cost is assumed to be $30 aoteAdter optimal irrigation is

determinedcostis calculated and assumed to be fixed.

A price of crop product P,,,,= $0.59/lb is obtained from the average of each

year's output price data from the USDA Nationalijtural Statistic Service (NASS)
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multiplied by CPI (Consumer Price Index) to adjtest inflation, and is assumed as
constant through the optimization period. In thedbemark simulation, uncertainty
comes only from production (yield) variation to dem the time of optimization

process. Price (market) risk will be analyzed ia $ection chapter through sensitivity
analysis.

Another set of yield data is county level yield aldr the same time period,
which is also from NASS. In the optimization progerealized yield (farm level or
county level) for each year is chosen randomly frihiese two sets of data, which
leads to income uncertainty and as a result, thisid® process is a stochastic process,
which in turn makes it difficult if not impossibte derive an explicit solution for the
optimization process (Seater 1993).

Wealth in the model is another state variable, Wiscaccumulated according to
the transition equation due to precautionary puEpige assume wealth is composed
of two parts, one part is insurance, and the reimgipart is deposit, both of them are
risk free in MPCI insurance design, but in GRP aN® insurance designs, the
insurance products are not risk free because o bak. Remember that in our model,
the interest rate for deposit and debt are the santtthat the farmer determines the
amount of debt (negative means deposit) to finatmesumption, insurance, and
production for the whole year, and determines tumnt of precautionary saving
(negative means still in debt) for the future. Thwg,, is end-of-season
precautionary wealth and is composed of precautyorsaving and insurance

purchase. As the same interest rates are appliedepmsit and debt, we treat
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(W.,-p.,,) @s end-of-season precautionary saving/deposit riecgoitionary purposes,
and treat[-(w,,, €ost,,,-C,,,-P,., )]as net debt to finance consumption, insurance,
and production for the next year. To understanddi@sion process more clearly, we
treat net debt (to finance consumption, insuraaoé, production for the whole year)
and deposit (precautionary saving for the futures) separate, and interpret
end-of-season saving/deposit as precautionary gavin

As we want to analyze optimal decision rules favide range of farmers (with
different wealth levels), we follow the work of Nydane (2005), and specify a
wealth space in the range of [-500, 2000] in 10ff@ments to represent all farmers
with a wide range of wealth levels, as opposedctoa wealth data for a decision
maker. Thus, the state wealth is a vector, with eeehlth level corresponding to its
own optimal choice set and its own value functidote that the unit of each wealth

level is $/acre, and thus this provides a very watege of wealth levels.

4.3 CONSUMPTION AND INSURANCE PARAMETERS

Consumption and insurance parameters are the torr@mbles in the numerical
model. To find the optimal consumption path ovee thptimization horizon, we
follow the work of Nyambane (2005) and specify asamption space in the range of
[0, 2000] in steps of 100, and then use the nunwnmilation method to choose the
optimal one for each sub-period. Note that the ahiach consumption level is also

$/acre.
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In the MPCI and GPR designs, similar to the conoépgearching for optimal
consumption, we specify @overagespace in the range of [0, 0.9] in steps of 0.01.
Thus, the upper limit imposed is 0.9, which is cetesit with the actual practice of
crop insurance in practice and helps mitigate tmeblpms of moral hazard
(Nyambane 2005). The guaranteed yield leselke, is set to be a fixed level and is
calculated as the estimation of the long-run exqubgield (expected farm-level yield
for MPCI; expected county-level yield for GPR desig

In the WD design, similar to the concept of searghor optimal consumption,
we specify a space of limit paramelem the range of [0.01, 0.90] in steps of 0.01.
Strike is designed to be the expected precipitation dutime growing season.
Maximum liabilityis set to be the irrigation cost correspondinth®e85% (maximum
level available) irrigation threshold strategy, the irrigation cost in years with the
worst weather is regarded as a good estimate tmxippate the value at risk (VaR)
for crop production (Linet al. 2009), and thus can be used as the proxy for the

maximum liability for crop production under weathesk.

4.4 INTEREST RATE, TIME PREFERENCE, AND OTHER PARAMETERS
The benchmark of the model assumes the followingokgtarameter values which
were estimated in empirical studies or are oftedus the literature.

A per sub-period risk free interest rate on deptd#bt is set to be= 0.0469 in
the benchmark case, which is the annual return @0-gear Treasury Constant

Maturities (FRB 2010).
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A discount factor off = 0.8989 is assumed, which indicates the farmer's
measure of time preference, with a higfiemeaning valuing future more and thus

being more patient. The relationship betweggrand discount ratey given by:

£ :1%; thus, the higher the, the more impatient the farmer. The discount iste

different from the risk free interest rate; in faittis often interpreted as the risk of
cash-flows, and is calculated as the sum of tHefrise rate of interest, (the time
value of money), and a risk premium which reflette compensation the farmer
demanded for the risk of not receiving the futuestc flow of the investment in
farming (Nyambane 2005). A discount rate of 11.28%sed in this study by adding
a risk premium of 6.56% to the annual risk freesiast rate of 4.69% (FRB 2010).
The risk premium is assumed according to the timesesstimates of the crop
farmers' risk premium by Hanson and Myers (199%)o wuggested that agricultural
risk has increased significantly over time. Thughis paper a higher risk premium is
used than the estimates in Hanson and Myers (198pyesenting higher risk in
agriculture in recent years.

For the insurance premium loading factgrjn the benchmark caseis set to 0
to reflect a fair premium without loading, and theis set to 40% and -40% in the
sensitivity analysis to represent scenarios in withere is a 40% loading as well as
40% subsidy , respectively.

The relative risk aversion parameter is set to thenbenchmark case based on
previous studies (e.g., Gourinchas and Parker (2@0%i then the sensitivity analysis

is set to 4 to investigate how an increase in ikgatisk aversion affects the optimal
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choices and their relationship with precautionarmgaith. A liquidity constraint of
minnet= -$1500/acre is assumed in the benchmark capegsenting that farmers
cannot borrow more than $1500/acre per period.

Table 4.1 summarized the set of parameter valuatéobenchmark case.

Table 4.1: Benchmark Parameters

Poutput = 0.59  minnet = —1500
r = 0.0469 £ =10.8989

cost = 59245 a =0

v =" MAT iability = 291.8

I}

4.5 MODEL IMPLEMENTATION USING MATLAB DDPSOLVE ALGORTHM
The stochastic model generates multiple paths emgergiom the realization of
random shocks, as opposed to a single path gedelstedeterministic models
(Gomez-Soto 2007). The stochastic dynamic modebkdlved by applying the
“ddpsolve” algorithm included in the CompEcon ToolboThe simulation is
conducted over a 30-year horizon, starting fromimitial state. A finite (with
retirement plan) and infinite (without retiremenkam) version of the stochastic
dynamic model is computed and compared.

The solution to the model under each set of paramwatees can be classified
into two sets of results. One set is the dynamtb paalysis of optimal choices (i.e.,
the optimal consumption, insurance coverage, afd),dend the state variable - net
wealth. Note that the optimal paths of the choiagables are contingent on the path
of the state variable. Thus, the other set is tkdiomship analysis between optimal

choices and state variable, that is, the relatigsshbetween consumption and wealth,
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between insurance and wealth, and between debweaatth, which shows how the
choices change with respect to different wealttelleand can also reflect different
behaviour for different farmers with different iaitwealth.

The simulations of infinite horizon with initial with level of -$500/acre is
presented first. For an infinite horizon problehe walue functions would not depend
on timet, and the dynamic programming (DP) problem whicleaaditional on the
initial state is also time invariant as we alwaysé infinite sub-periods left in the
future (Violante 2000).

In our model, farm income is chosen randomly frdra income during 1976
and 2006 with probability 1/31, which introduces certainty and stochastic
characteristics into our model. The analysis is enoomplicated because labor
income is random distributed as opposed to a datestic one. In the infinite horizon,
given the optimal choice variables, the time-seokstate variable (wealth) would be
a Markov chain with infinite horizon and with a tt@ary transition matrixg. The
ij'th element of the transition matrixndicates the probability of migrating from state
i at some time to statej at the following timet+1, given the current state and the
optimal choices that are chosen (Miranda 2010). CampEcon Toolbox provides a
utility getindexwhich helps solve the discrete Markov decisioncdajculating an
index attached to the following period's statext = getindexnextwealth wealth),
and thus facilitate the calculation of transitiomtrices withij'th element being the

probabilityg(j, i, inext)(Miranda 2010).
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After we got the transition probability matrgof the controlled state process
(wealth, we are able to conduct a Monte Carlo simulattonsimulate many
representative state paths (Miranda 2010). To ,stave pick an initial
state, lW0=-$500/acre, that is, initial wealth level is -$500&admeaning that the
farmer is in debt of $500/acre at the initial statend then use a Monte Carlo
simulation to simulate the next state of wealthelevased on the transition matrix,
and this process goes on to infinity. For exampkying the stat& = i, we can
simulateS.+1 by randomly picking a new stagevith probabilityg(j, i, inext)(Miranda
2010). In this way, the dynamic evolution of thentrolled state over time can be
specified. The Monte Carlo simulation also helpgénerate multiple paths, each of
which emerges from the realization of random shpakopposed to a single path in a
deterministic model; thus, the steady state is sridution rather than a point
(Gomez-Soto 2007).

The infinite horizon simulation implemented witretbtochastic dynamic model

provides the following results.
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Figure 4.1: Time Path of Consumption, Coverage, Wealth, and Debt for a MPCT Fair Pre-
mium Insurance Purchaser

Figure 4.1 shows the 30-year time path optimizafiozcess of consumption,
coverage, wealth, and debt for a cotton farmer itthéll, Georgia, starting from the
initial statew = -$500/acre. It can be seen that under the vasssmed for the model,
these distributions evolve over time and then kesgfficiently close to the
steady-state distribution after 5 to 10 years ftheinitial state. Thus, the steady-state
distribution emerges quickly over time, implyingathf all farmers have the same or
similar levels of the parameter values assumedHermodel, the statistics derived
from the steady state distribution would represkatmajority of the behavior for the
economy.

Specifically, optimal consumption increases fromO&4cre to $1100/acre
within 5 years and then remains at its relativegady state value, which is around

$1200/acre, for the next 25 years. Optimal insueasmverage increases from 80% to
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86% within 5 years and then remains at its relftiseady state value, which is
around 88%, for the next 25 years. Wealth incredse the initial level of
-$500/acre to $300/acre and then to $420/acre nwihyears and remains relatively
constant at $420/acre for the next 25 years. These effects (increasing wealth,
increasing consumption, and increasing insuranemjum) offset each other, and the
resulting debt value decreases from around $15€€)/8te maximum allowable debt
level, to around $1385/acre within 5 years and tiseelatively constant for the next
25 years.

The above results are simulated with initial weatjual to -$500/acre. When
we change the initial wealth to other values (vather parameters being unchanged),
we get the same steady-state distributions. Forstdrmee set of parameter values
assumed in Table 4.1, the distribution of optin@isumption and insurance coverage
reach their steady-state value within a five y@aetspan. The distribution of wealth
and debt also get closer to their steady state twer and after the first five years
they remain relatively constant. The optimal debtvarge to around $1385/acre, and
the controlled state variable wealth is stabiliaédround $420/acre.

This result indicates that with the parameterdis model, no matter how much
initial net wealth farmers hold, their choices wdlivays be stabilized to a relatively
constant steady state after 10 years from initiales In other words, if the set of
parameter values used in the model is correct fustrof the farmers in the economy,
most farmers' behavior could be predicted and wdwgd almost identical after

sufficient time, so the levels and the relatedosatf the steady-state distribution for
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consumption, coverage, wealth, and debt would apmate the typical behavior in
the economy fairly well.

Table 4.2 presents a number of statistics and é¢heted ratios of average
consumption, insurance, debt, and precautionaryltiveaehavior based on the
stochastic Monte Carlo simulation generated stestate distribution under the

benchmark parametric assumptions.

Table 4.2: Steady-State Statistics For Benchmark Model

BENCHMARK

Consumption (CON) 1200
Coverage (COV) 0.88
Debt (D) 1385
Expected Revenue (Y) 1860.1
Net Wealth (W) 420
Insurance Premium (P) 16.5
Deposit (DEP) 403.5
Ratios

W/Y 22.6%
D/Y T4.5%
CON/Y 64.5%
P/ W 3.9%
DEP/W 96.1%

Table 4.2 shows that wealth is stabilized at ardb4@D/acre, or equal to around
22.6% (wealth ratio is around .226) of the expegiezuction revenue (permanent
income). As the time unit of an optimization subipé is a year, the steady state
wealth represents about three months' worth of aeemt non-capital income,
meaning that farmers hold approximately three m&ndi permanent income for
precautionary purpose. We use expected produceenue to represent permanent
income (based on Friedman’s (1957) theory) tharprets observed income as the
sum of the permanent income component and a toapsandom component.

This result confirms the contention of Carroll (2p0who stated that there is a

target level of the buffer stock of precautionamyalth (cash-on-hand) which balances
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farmers' impatience (related ) and prudence (related 9 levels and provides a
criteria for farmers' decisions, that is, if thpnecautionary wealth is below the target
(optimal level), prudence will dominate impatieramed farmers would have a higher
precautionary saving motive and would try to inseeavealth toward the target
(optimal level); while if their precautionary wealtexceeds the optimal level,
impatience will dominate prudence, and farmers waudnsume more and cause net
wealth to go back to the target level (Carroll 200Ihis result is also related to
Friedman’s (1957) PIH theory, as noted by Carr@aDQl), which views wealth as
"emergency reserve" against uncertainty. In Cdsr¢#001) paper, the wealth ratio
was estimated to be around 0.4; while in our mot®, optimal wealth ratio is
simulated as 0.226 for the benchmark case. Noteirthaur benchmark case a high
level of impatience is assumed, which leads toveetotarget level of wealth. By
checking our results against other literature, & ee our results are consistent with
the theoretically predicted results, confirmingttbar stochastic life-cycle model and
dynamic programming technique is correct.

Debt is stabilized at around $1385/acre as showihable 4.2, which is
around 74.5% of the expected production revenuanig farmers use more than
74.5% (including interest) of permanent incomedpay previous loans; consumption
is stabilized at $1200/acre, which is around 64d%ermanent income, meaning that
farmers consume around 64.5% of permanent inconmeirfonediate reward;
insurance premium is stabilized at $16.5/acre, Wwihgcaround 3.9% of net wealth,

meaning that farmers allocate 3.9% of net wealthuy insurance for precautionary
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purpose, while the remaining net wealth (96.1%)aicated to precautionary
savings.

Our result is consistent with the result by Carr@D01), who generated
converged consumption function and revealed thgtatmance is the necessary
condition for converged consumption. Modigliani B89 noted that certainty
equivalent models cannot yield general results abonsumption behavior because
different levels of optimal consumption are derivad different times. Thus, our
results are different from the results of the detyaequivalent model, and can
represent the typical behavior of the majority afmiers in the economy, under the
same set of parameter values.

As the optimal choices along the time path areingent on the state variable
along the time path, the relationships between diheice variables and the state
variable are presented below (specifically, thatrehship between consumption and
wealth, the relationship between insurance covesagewealth, and the relationship
between debt and wealth). Figure 4.2, 4.3 and t#tpe optimal choice variables
(consumption, coverage, and resulting debt) ag#nesstate variable wealth.

Figure 4.2 shows that optimal consumption alwagsaases as wealth increases.
This result can be derived by formal mathematicabp(Carroll 2001). Furthermore,
some other important properties can be derived ftwrconsumption curvgw):

1. The consumption curve is upward sloping and concand,thus its slope is
smaller at high level of net wealth (cash-on-hathd) at low levels. According to

Keynes (1935) and Carroll (2001), the share ofsitary income that is spent on
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consumption is higher for poor people than for petople, and this view is confirmed

in our result, as MPC for poor farmers is highemtiMPC for rich farmers.

Optirmal Consumption
2
g

501 0
‘Wealth

Figure 4.2: Relationship of Optimal Consumption and Wealth for a MPCI Fair Premium
Insurance Purchaser

2. MPC out of transitory shock to their income isund 0.8 for poor farmers
(net wealth level in the range of -$500/acre to(¥&6re), and is around 0.266 for
wealthy (normal) farmer (net wealth level in thegea of $500/acre to $200/acre). In
Friedman’s (1957) conception of the PIH theory, MRe much less than 1, and the
average MPC is about 0.33 for typical consumer. @sult seems to support
Friedman’s (1957) PIH theory, as his estimated M&@ the range of our simulated
MPC for poor and wealthy farmers, and our simulaiB@C for both poor and
wealthy farmers is much less than 1, and dramétitadger than the 0.05 implied by
the perfect foresight model. In the perfect forbsignodel, it is assumed that
uncertainty does not exist (Carroll 2001). Car(@001) argued that consumers who
are younger than 65, representing the majorithefdonsumers, would have MPC of
less than 0.05 in a perfect foresight model, inclwhio uncertainty is assumed and
thus consumers would spread the change in weathlywver their entire life (at
least 20 years for most consumers), assuming thavarage age of death is around

85.
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Our result also differs from the certainty equiveleolution, in which optimal
consumption level should be a fixed percentageifefime wealth -- the sum of
consumers' initial wealth and the discounted sedksxpected lifetime income
(Zeldes 1989), with MPC less than 0.05 (Carroll PO@eldes (1989) noted that the
certainty equivalent model assumes a quadratigyufdrm with the implication of
increasing risk aversion and of a linear marginglity and thus there is no
precautionary motive and consumption growth ratelldraonly depend on the risk
premium demanded by consumers (the difference #iwbscount rate and the
risk-free rate of interest). Carroll (2001) pointed out that MPC in certainty
equivalent model is also less than 0.05.

Figure 4.3 shows that when initial wealth increagesn the lowest level
(-$500/acre, meaning farmer is heavily in debtyerage increases slightly from 80%
to 88%, until wealth reaches the steady state $428/When initial wealth increases
from steady state to $2000/acre, optimal insuramerage decreases from 88% to

0% as initial wealth increases.

£00 1000 1200
VilealthiH/acre)

Figure 4.3: Relationship of Optimal Coverage and Wealth for a MPCI Fair Premium Insur-
ance Purchaser
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A possible interpretation of decreasing coveragé waspect to wealth for most
farmers (within the main range of wealth) is tha utility function of this research
has the attribute of decreasing absolute risk ae@®ARA) (Epstein 1983). Since
absolute risk aversion decreases in response tibhweearease, demand for insurance
decreases, and thus insurance coverage decreasksr(23003).

Figure 4.4 indicates that there is strictly negatrelationship between wealth
and debt. The interpretation of this result is ghiforward: while debt is the
beginning-of-season debt borrowed to finance compsiom insurance, and
production for the whole year, wealth is end-ofssgacash-at-hand each year, after
repaying all the debt and its interest rate. Tlugrmer will have a larger net wealth
if the previous debt is small, and in the same \ag/,optimal debt should decrease as
the farmer accumulates wealth, as the farmer doeeatl to borrow as much money
to finance his consumption, production cost, anduiance purchase if he has

accumulated enough wealth.

1000]

Debt

Weallh

Figure 4.4: Relationship of Debt and Wealth for a MPCI Fair Premium Insurance Purchaser

The solution to the finite version with retiremegatn comes next. For the finite

horizon optimization, the terminal valWér.; (which is a vector of values for all
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possible states variables) must be specified dotlieaMarkov chain of the discrete

time-series of controlled state variable (wealtBh de specified and derived. We
assume at the terminal period, farmers must acatn$2000/acre net wealth, and
thus assign highest value for state $2000/acre. After the terminal value function is
determined, the finite horizon Markov decision adved by moving backwards from

the terminal period and recursively applying théilBan's equation.

Figure 4.5 shows the time path of consumption, ye wealth, and debt in a
finite 30-year horizon for a farmer with a retirem@lan of accumulating $2000/acre
in the end. With a retirement plan, Figure 4.5 degal that the distribution of optimal
consumption evolves over time and gets fairly cliosthe steady state value within 5
to 10 years, which is not very different from thetheut retirement plan case.
However, in the last period of time (about the |A8tyears), the farmer gradually
increases consumption from $1200/acre to $1600Q/adre optimal coverage path
follows a similar pattern in the first 20 years qmared with Figure 4.1; however, after
20 years, coverage drops dramatically from 0.88 M/ealth and debt paths show that
in the last period of time (about the last 10 ygatke farmer begins to save
substantial amounts and restrains from borrowinfini@ance consumption, insurance,

and production for the whole year.
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Figure 4.5: Time Path of Consumption, Coverage, Wealth, and Debt in a Finite Horizon

with Retirement Plan

The reason for the increasing consumption in trs¢ 18 years is that the

relationship between wealth and consumption is ydwaositive, whether the farmer

has a retirement plan or not. Therefore, as the daraccumulates wealth, the

consumption level also increases, but with muchelowcreasing rates than that at

the low level of net wealth (as shown in Figure, 4tf2 MPC is much lower at the

high level of net wealth). The intuition of decrgeps coverage with retirement

looming is that, as the farmer accumulates wealttafretirement plan, he is less risk

averse because of the DARA nature of utility fuotias noted before), and thus

decreases the demand for insurance.
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Figure 4.6: Time Path of Consumption, Coverage, Wealth, and Debt in a Finite Horizon
with Retirement Plan of Accumulating $12,000/acre Wealth

When farmers have retirement plan of accumulatinfygher level of wealth

($12,000/acre), we expect the behaviors to divexgener from the steady state

distribution. Figure 4.6 confirms this expectatiomhe graph shows that the

distribution of wealth gets fairly close to theaslg state value within 2 to 5 years,

which is not very different from the without retinent plan case. Consumption level

at steady state seems to be lower than in benchoas&k However, farmers begin to

accumulate wealth only after 10 years from iniStdte; and the consumption level

also increases accordingly with the increase inltwdavel. This result implies that a

retirement plan with a higher target wealth leveluld induce farmers to sacrifice

current consumption and diverge from steady stagaltv level sooner in order to

accumulate a higher level of wealth for retirement.

Table 4.3: Effects of Retirement Plan on Farmers” Value Function and Certainty Equivalent
Consumption at Initial State

Retirement Plan ($/acre) | Value Function | Certainty Equivalent Consumption (5/acre)
2000 -0.010083 980.997
3000 -0.050575 195.575
5000 -0.050864 194.465
8000 -0.051088 193.611
12000 -0.051459 192.214

Table 4.3 summarized the effect of different retiemt plans (with different

target wealth

levels) on farmers’ value functiondarCertainty Equivalent
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Consumption at the initial state. Certainty Equin&l€onsumption is calculated on
the analogy of Certainty Equivalent Revenue (CERStatic models. For a specified
utility function in a static model, CER is the léwa return that if received with
certainty, would generate a level of utility equalthe expected utility of the risky
investment. Similarly, Certainty Equivalent Consuiop here means a risk adjusted
consumption (the level of consumption without uteiety) that can generate a level
of value function equal to the expected value finmctof the dynamic stochastic
consumption. Table 4.3 shows that the higher ledfetarget wealth level of a
retirement plan, the lower value function and tlmvdr certainty equivalent

consumption level.
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CHAPTER 5

SIMULATIONS

5.1 INTRODUCTION

Several simulations are conducted in this chaptextimine the effects of variations
in the values of parameters on the dynamic stochgsbcess. We paid special
attention to the changes in the relationship betwd#se intertemporal actions
(consumption, insurance, and debt) and states blarigrecautionary wealth), and
changes in the steady state statistics, correspgrdidifferent simulation scenarios.
Changes in the time path of the intertemporal astiand states variable is only
included for some simulations, when there are patie differences from the
benchmark case.

The ceteris paribuscriterion is used to conduct the simulation analys
according to which, the effect of each simulatisexplored once at a time compared
to the benchmark scenario. This approach enablés emrectly identify the cause of
change in each simulation scenario. Nine simulatiare conducted separately to
investigate the effect of financial parameters uflility constraint, interest rate,
insurance premium loading, and basis risk), marisét parameter (lower price and
random price), people factors (time preferencek aiversion level), and production
factors (crop types and rotation), on the farmeptimal choices on consumption,
insurance, and debt, as well as on the controltate srariable (wealth) which is

composed of precautionary savings and insurance.pidy@ortions of precautionary
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savings and insurance in the wealth portfolio velso be analyzed in different
simulation scenarios. Specifically, the followingalation scenarios are conducted:

1. Variations in the credit constraint imposed by theancial lending
institution, minnet to examine how the severity of liquidity constitawould affect
the relationship between dynamic choices and weakhwell as the steady-state
statistics.

2. Variations in the insurance premium loading paramef to investigate how
the decisions would be affected by the premiumilmpdnd by a premium subsidy.

3. Variations in output price, to examine what pot@himpact a decrease in
output price would have on optimal dynamic choiaed steady-state statistics.

4. Variations in the degree of risk aversion (or prnm®, y, to investigate
which type of farmers are more inclined to purchaserance, to use deposit or debt,
and to accumulate precautionary wealth.

5. Changes in time preference factor (or patiencel)leye with a higherp
corresponding to more patient farmers (and richeimérs in most cases), to
investigate what type of farmers are more inclinecurchase insurance, to using
deposit/debt, and to accumulating precautionanjtiveand in what time frame.

6. Changes in the effective interest rate, to investigate the impact of
adjustment of interest rate on farmers' optimaladyit choices including insurance
purchase, deposit/debt, and precautionary weaithffze steady-state statistics.

7.Changes in basis risk, which is captured in thri#errative insurance

experimental designs, to examine the variation@imers' optimal dynamic choices
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as a result of basis risk, as well as the impaegabus innovative insurance products
on farmers' risk management.

8. Random price, to examine what potential impactramease in market risk
would have on optimal dynamic choices and steaalie statistics.

9. Variations in crop type and rotation, to examine tmpact of production
strategy on optimal choices.

Special attention is paid to the first, second, simth simulations, as changes in
consumption and insurance choices produced by agehan credit constraint,
insurance premium loading, and interest rate dede® to policy interventions and
have valuable empirical significance. In addititie simulations allow us to draw
expected consumption, insurance, and debt patlts,tlan resulting precautionary
wealth path, which are critical for designing omimfinancial facilities (e.g.,
debt/deposit facilities, insurance, etc.) and forlgzing the effect of financial
facilities on consumption smoothing and precautipnaealth, which are directly
related to the farmers' welfare as well as sociwtdfare. Gomez-Soto (2007) stated
that both households' welfare and societal welfaik improve as a result of
increasing precautionary wealth without additionast, as the level of wealth and
distribution of income (as embodied, e.g., by Gioefficients) are related to societal
welfare, and larger wealth is presumed to implyatge societal welfare. The
composition of a precautionary wealth portfoliog(thortion of precautionary wealth
as insurance holding), is also an important fadtdluencing social welfare, as

insurance plays a significant role in risk shaffioigthe larger population.

89



5.2 SIMULATION 1: VARIATIONS IN LIQUIDITY CONSTRAINT

This section shows the simulation result for a farmubject to a stricter liquidity

constraint and full liquidity constraint. With stter liquidity constraint (cannot

borrow money more than $500/acre, and the stapougt of simulation is $500/acre
as opposed to -$500/acre in the benchmark scenariarder to satisfy the stricter
liquidity constraint at the starting period), thelationship between optimal
consumption and wealth depicted in Figure 5.1 shdhast the steady-state
consumption is around $1250/acre, which is sintitathe steady-state level in the
benchmark scenario. However, the correspondingttvdavel at the steady-state is
around $1500/acre, much higher than in the benduhnsaenario ($420/acre).
Comparing Figure 5.1 with Figure 4.2, it is notfidiilt to discern that, at the same
wealth level, the farmer will choose a lower congtion level when faced with

stricter liquidity constraint. For example, at wbalevel w = $500/acre, optimal

consumption level is $1250/acre in the benchmasdecaut only $400/acre in the
stricter liquidity constraint case.

This result indicates that, with stricter liquiditpnstraint, farmers will reduce
current consumption in order to accumulate precaaty wealth for future
consumption. In other words, farmers sacrificertlegirrent consumption to insure a
future higher consumption and wealth level.

A more important result is a higher MPC (the sl@beconsumption curve) in
the stricter liquidity simulation scenario thanttirathe benchmark scenario: MPC is

around 0.8 for farmers with net wealth in the ran§&500/acre and $1500/acre, and
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is around 0.6 for farmers with net wealth in thega of $1500/acre and $2000/acre,
as opposed to MPC of 0.267 in the range of $508/asrd $2000/acre in the

benchmark case.
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Figure 5.1: Relationship Between Optimal Consumption and Wealth under Stricter Liquidity
Constraint

This result confirms the classical consumption sthming theory, that liquidity
constraint might be the situation that leads tohigh sensitivity of consumption to
transitory shocks to income. When complete creditk@ts exist, credit is supplied to
individuals whose income is subject to transitampcks, and thus consumption can
be smoothed through borrowing and savings. Howeweran incomplete credit
market where liquidity constraint exists, some farsnface credit constraints which
limit their liquidity and in turn affect their conmption smoothing ability (Chaét al
1995). Our results show that with higher liquiditynstraints, MPC is higher than that
in the benchmark case. In other words, under strljuidity constraint, consumption
is more influenced by transitory income (randomcétsao net wealth) than that in the
benchmark case. However, MPC is still much less tbae, which still supports
Friedman’s (1957) PIH theory.

Figure 5.2 shows the relationship between coverageg wealth level with

stricter liquidity constraint. Comparing with Figu#d.3, it is not difficult to see that
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most farmers adopt less insurance coverage. Atgtetate, coverage is 28%, in
contrast to the coverage level of 88% depictediguteé 4.3. Insurance coverage is
lower for most farmers (with net wealth in the rangf $500/acre and $1800/acre)
compared with the benchmark case; however, for veeglthy farmers (with net

wealth in the range of $1800/acre and $2000/acoe)erage is higher than that in the

benchmark case.

a
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Figure 5.2: Relationship Between Optimal Insurance Coverage and Wealth under Stricter
Liquidity Constraint

This result indicates that, for most farmers (witthe main range of net wealth),
a stricter liquidity constraint will not only redeccurrent consumption, but also
reduce demand for insurance, because it constilantfarmer's budget to finance
consumption and insurance purchasing. Moreoveljge¢2001) showed that under a
dynamic framework with the same DARA utility funmti for the immediate reward
as in this study, a binding liquidity constraintshiéhe future impact of constraining
farmers' ability to spread risks over an optimizathorizon and thus induces more
risk aversion (in effect increases the relativ& asersion coefficient ). Rothschild
and Stiglitz (1971) showed that an increaseyirhas two effects on farmers'
precautionary behavior: one is to increase thegutsanary motive to buy insurance;

another is to increase the precautionary motiveatte at the expense of insurance.
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These two effects, along with the budget restraireffgct of liquidity constraint,
work together on most farmers (in the range of $&€@ and $1800/acre): the two
effects of liquidity constraint (through the effemt y ) cancel each other, and the
largest effect is that of restraining the budgat this is why most farmers adopt less
insurance coverage. However, for very wealthy fasnthe liquidity constraint is no
longer binding, and thus there are only two effeftBquidity constraint (through its
effect on risk aversion); it seems that the denfanihsurance outweighs the demand
for precautionary saving (the reason might be that demand for precautionary
saving comes very low when initial wealth increasea very high level because of
the DARA nature of utility), and thus insurance emge is higher for very wealthy
farmers compared with the benchmark case.

Figure 5.3 shows the relationship between debtaedlth. We can see the
relationship is still strictly negative. Howevernder stricter liquidity constraint,
optimal debt is smaller than that in the benchmsoknario for the same level of
wealth. For example, at wealth level equal to $a6@, debt level is $500/acre, as
opposed to around $1400/acre in benchmark casesaith level equal to $1500/acre,
debt level is around 350%/acre as opposed to $a8&0in benchmark case; at wealth
level equal to $2000/acre, debt level is aroundfidre as opposed to $200/acre in

the benchmark case.
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Figure 5.3: Relationship Between Debt and Wealth under Stricter Liquidity Constraint

Figure 5.4, 5.5, and 5.6 shows the relationshipvéeh optimal consumption
and wealth, insurance coverage and wealth, debtwasadth level with full credit
constraint, that is, the farmer is not allowed wmrrbw from financial institution
(minnet= 0%/acre). In this case, the simulation is congdi@ssuming initial wealth
level is equal to $1000/acre, rather than the -%&96 in the benchmark case, as
negative wealth level is not allowed in this scemar

Figure 5.4 shows that the MPC (the slope of congiomgurve) is higher in the
full liquidity simulation scenario than that in theenchmark scenario or the stricter
liquidity scenario: MPC is around 0.8 for all farraen this case (with net wealth in
the range of $1000/acre and $2000/acre, as opposed®67 for farmers with net
wealth in the range of $500/acre and $2000/actkarbenchmark case, and to 0.6 for
farmers with net wealth in the range of $1500/aanel $2000/acre in the stricter
liquidity case.

This result implies that under full credit consttai the result concerning
consumption behavior is also consistent with thsulte noted before. Liquidity

constraint leads to higher MPC, and thus might breason that explains the high
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sensitivity level of consumption to transitory skedo income; that is, consumption

is more influenced by transitory income than tindbénchmark case.
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Figure 5.4: Relationship Between Optimal Consumption and Wealth under Full Liquidity
Constraint

Figure 5.5 shows that the equilibrium insuranceecage level is 84.5%, with
corresponding wealth level equal to $1900/acre. @faph also shows a different
relationship pattern between coverage and wealtieinitial wealth level increases
from $1000/acre to $2000/acre, optimal coverageeases from 80% to 90% (all

very high compared with the benchmark case).
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Figure 5.5: Relationship Between Optimal Insurance Coverage and Wealth under Full Lig-
uidity Constraint

95



Figure 5.6 shows that the relationship between deltwealth is still strictly
negative under the full liquidity constraint scanarHowever, debt is no longer
positive in this case. As debt is not allowed, tmimal values for debt are all
negative, meaning positive beginning-of-season siépthat is, in addition to set
aside money to finance consumption, insurance,paduction for the whole year,
farmers also set aside money for beginning-of-sedsposit in order to guarantee the
consumption and wealth level at steady state iritthee. For farmers with net wealth
level equal to $1000/acre, they deposit $4/acre;fdomers with net wealth level
equal to $1900/acre, they deposit $42/acre; fonéas with net wealth level equal to

$2000/acre, they deposit $90/acre.
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Figure 5.6: Relationship Between Debt and Wealth under Full Liquidity Constraint

By comparing Figure 5.2 and 4.3, it is possiblediscern that the liquidity
constraint has an impact of reducing optimal insoeacoverage along the 30-year
expected path. However, by comparing Figure 5.6 Figdre 5.2, we conclude that
when full liquidity constraint is imposed (the faemis not allowed to borrow),

optimal coverage now converges to around 84.5%hdnighan that in the second
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strict case. Therefore, no clear link can be estabtl between increasing liquidity
constraint and insurance coverage.

Table 5.1 compares a variety of statistics abaum fask management behavior
under the benchmark, stricter liquidity constraiaind full liquidity constraint
parametric assumption. Under stricter liquidity swaint, net wealth increases from
$420/acre to $1500/acre, which is equal to increasem 22.6% of expected
production revenue (which is assumed in the modelepresent the permanent
income and is fixed) to 80.6% of expected produrctievenue. This result indicates
that stricter liquidity constraint induces highatention to accumulate wealth. Debt
decreases from $1380/acre to $350/acre, indicdtiagg an exogenous decrease in
liquidity constraint results in a significant dease in debt immediately. This result
implies that change in farmers' credit limit wolld efficient in the monetary policy
transmission. For example, when policy requireskbato strengthen liquidity
constraint, the volume of debt would fall dramatigacurrent) consumption would
be reduced immediately to ensure higher future wompsion (at steady-state), optimal
insurance purchase would decrease to 0 (at steatB);smeaning insurance is no
longer a good strategy for precautionary motive jgarad with precautionary saving,
precautionary wealth would be accumulated much mamd the supply of deposits
(precautionary saving) also increases dramatic@ithgse results might be of interest
for researchers working on monetary transmissioohaeisms.

Table 5.1 also shows that when farmers are sutgefcil credit constraint, that

is, not allowed to borrow any money from a finahdietitution (minnet = Q, the
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steady-state coverage level is 84.5%, higher thmeat in the second strict case.
Therefore, different from Nyambane’s (2005) resaitr result suggests that there is
no strictly negative relationship between liquiditynstraint and insurance coverage.
However, a clear relationship can be seen betwsmeases in liquidity constraint, a
higher level of net wealth, and a lower level of debt (in the full credit constraint

case, debt is not allowed, and the steady stateeVi@r debt is negative, meaning
positive beginning-of-season deposit, and higher&rmseason precautionary saving
(DEP).

In the extreme full credit constraint case, at skeady state, farmers set aside
additional money for beginning-of-season depost @febt = -42) in order to ensure
the consumption and wealth level at steady statepe&ed end-of-season
cash-at-hand each year accounts for 100.2% ofdlreanent income in the full credit
constraint scenario as opposed to 22.6% in the Hmeak (moderate liquidity
constraint) scenario and 80.6% in the stricter tairg scenario. A full liquidity
constraint limits farmers’ ability to smooth consption through lending facilities. As
a result, farmers will choose higher insurance caye for risk management. In other
words, when there is no borrowing available to stmomonsumption, farmer will

resort to insurance for risk management.
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Table 5.1: SIMULATION 1: Effects of Liquidity Constraint on Optimal Choice and Wealth
Composition

. ] SIMULATION 1: minnet

BENCHMARK Stricter Constraint | Full Constraint

minnet = —1500 minnet = —500 minnet = 0
Consumption (CON) 1200 1230 1240
Coverage (COV) 0.88 0.28 0.848
Debt (D) 1385 350 -42
Expected Revenue (Y) 1860.1 1860.1 1860.1
Net Wealth (W) 420 1500 1900
Insurance Premium (P) 16.5 0 10
Deposit (DEP) 403.5 1500 1890
Ratios
W/Y 22.6% 80.6% 100.2%
D/Y 74.5% 18.8% -2.3%
CON/Y 64.5% 66.1% 66.7%
P/ W 3.9% 0% 0.5%
DEP/W 96.1% 100% 99.5%

Figure 5.7 depicts the relationship between differéevels of liquidity
constraint and coverage levels at the steady diafierent from Nyambane (2005),
our result suggests that there is no strictly negatelationship between liquidity
constraint and insurance coverage. Specificalsyrance coverage first decrease with
stricter liquidity constraint (mainly due to thefesft of budget constraint), and then
increase with stricter liquidity constraint. Wheagulidity constraint is so strict that
farmers’ ability to smooth consumption through baving is very limited, they have

to resort to insurance for consumption smoothirg)fan risk management.
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Figure 5.7: Relationship Between Coverage and Minnet for a Farmer under Liquidity Con-
straint
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Some important policy implications regarding thenglation on liquidity
constraint are:

First, a liquidity constraint has a large impact @ptimal consumption and
insurance choice, depending on the severity oftcains, and the initial wealth level.
At the same wealth level, they will choose redugmdrent consumption and
insurance coverage, in order to accumulate premzaty wealth for future
consumption. A moderate liquidity constraint wilbtnonly constrain a farmer's
current consumption, but also constrain a farmehmnsice of insurance, because it
constrains a farmer's budget to finance consumpéinod insurance purchasing.
Moreover, under the dynamic framework with a DAR#ity reward function, a
liquidity constraint induces more risk aversion,igfhhas two effects on insurance.
For very wealthy farmers, it seems that the eféectnsurance demand dominates the
effect on the precautionary motive to save.

Second, at steady state, consumption level andieath is higher in the stricter
credit constraint scenario than that in the benckmmeenario. In other words, farmers
sacrifice their current consumption to insure fatlnigher consumption and wealth
level. In the extreme full credit constraint cadarmer set aside money as
beginning-of-season deposit each year to ensureuficiently high level of
consumption and wealth at steady state, and ke@@%0of the per-period revenue as
end-of-season precautionary wealth each year asseppo 22.6% and 80.6% in the
benchmark and stricter constraint scenario. Thiseisause a higher risk averse level

makes them more inclined to accumulate precautjomagalth, and thus decrease
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debt and decrease current consumption spendingier & maintain a higher level of
consumption in the future (at the steady state).

Third, a full liquidity constraint limits a farmarability to smooth consumption
through lending facilities. As a result, a farmal whoose higher insurance coverage
for risk management. In other words, when themoidorrowing available to smooth

consumption, farmers will resort to insurance fek management.

5.3 SIMULATION 2: VARIATIONS IN PREMIUM LOADING

A second simulation is to investigate how the wuaiain the cost of insurance
purchasing influences the dynamic optimization pescand the relationship between
choice variables and wealth. Two alternative sdemamre studied: a positive
premium loading. = 0.4, and a negative premium loading (premiunsily) a=-0.4.

In order to better understand the impacts of premlioading, | would go back
and reexamine some important characteristics otlyfmamic model. In order to cope
with the risk related to income variation, farmem®ose a portfolio composed of two
risk management instruments. One instrument isramae purchasing with possible
transaction cost (implied by premium loading), dinel other is a savings/borrowings
with a financial institution, receiving/paying imést rate. For insurance purchase with
full coverage, fixed output price, and without lsasisk, the realized revenue plus
indemnity (zero or positive) are guaranteed to dpgaéto or greater than the revenue
specified in the contract (expected revenue), seetlis no remaining downside risk.

For savings/borrowings with a financial institutjoro bankruptcy risk is assumed for
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the financial institution, so it is also risk-fredf. we consider these two risk
management instruments as supplements, then tte/qost of one instrument would
be important in a farmer's decision of the proportiand allocation of this risk
management portfolio.

Our results show that a positive premium loadirrg 0.4 will have little effect
on consumption. The pattern of consumption functi@v), as shown in Figure 5.8, is
very similar to that in the benchmark scenario,hwét slight lower value at the
steady-state. Compared with Figure 5.8 and Figuis there are only slight
differences in consumption patterns between thegd@mium and loaded premium
case. Specifically, the equilibrium consumptioneledecreases with premium loading,
and the corresponding equilibrium wealth level atkerreases from $420/acre to

$400/acre.
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Figure 5.8: Relationship Between Optimal Consumption and Wealth for a Loaded Premium
Insurance Purchaser

Figure 5.9 shows the optimal insurance coverage f&r loaded (load
parameter is 40%), and subsidized insurance (l@adnpeter is -40%) products. Our
results show that premium loading reduces coverfagemost farmers (with net

wealth in the range of $500/acre and $2000/acraly @oor farmers in the range of
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-$500/acre and $500/acre would take the same ogeermpared with the
benchmark scenario. This result shows that a loaglingsurance premium would
reduce a farmer's interest in purchasing insuré#rtbe farmer is liquidity constrained

within a dynamic framework.
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Figure 5.9: Relationship Between Coverage and Wealth in Fair, Loaded, and Subsidized
Premium Scenarios

Moreover, Figure 5.9 provides additional insigletsncerning the optimal
consumption and insurance choice for different fmgn(with different initial net
wealth) that could not be obtained from the stataxlels. Figure 5.9 shows that when
insurance is expensive, only poor farmers would wking to keep the same
insurance coverage and pay much more money toHsuynbre expensive insurance.
Consistent with Nyambane’s (2005) results conceyimiereasing premium loading in
complete credit markets (in our case credit is mnplete - farmers are liquidity
constrained), wealthier farmers would substitutepesmsive insurance with
precautionary saving, and reduce insurance covefagmrding to Nyambane (2005),
insurance and precautionary saving can be regasledbstitutes of risk management
instruments to reduce the impact of yield risk onsumption (second option of risk

management). Another explanation is, as poor farharve higher MPC and higher
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marginal utility of consumption as stated in thstlsection, the possible loss if they
do not insure enough, measured in terms of theildesdecrease in consumption or
utility, is higher than that for wealthy farmersx addition, due to the decreasing
absolute risk aversion (DARA) attribute of the ityilfunction, poorer farmers with
lower wealth levels would be more risk averse theher farmers. Therefore, poorer
farmers are more inclined to buy the same levelnstirance as they do in the
benchmark case than richer farmers although theranse premium is unfair
(loaded).

Figure 5.9 also depicted the coverage choice whemrance is subsidized. The
steady-state coverage increases slightly from 88%9¢6. For most farmers (within
the main range of net wealth), compared with thegemium case, they choose to
purchase higher insurance coverage. For very weédtimers with net wealth in the
range of $1800/acre and $2000/acre, they choosengxémum allowable insurance
coverage (90%).

These results imply that a negative premium loadiegeases farmers’ interest
in insurance and they would buy higher insuranceerme than they do with
actuarially fair insurance. Nyambane (2005) provkdt farmers would take full
insurance coverage if there is no liquidity constreand that farmers would take less
than the maximum allowable coverage if there igjaidity constraint. Therefore, our
result confirmed Nyambane’s (2005) result and iegplihat the subsidy of insurance
in effect reduces the impact of liquidity consttaimd induces farmers to increase

insurance coverage compared with the benchmark edib®ugh for most farmers
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still less than the maximum allowable coverage Wwél taken. And for very wealthy
farmers (initial wealth in the range of $1800/a¢ce $2000/acre), the maximum

allowable insurance coverage (90%) is chosen uhdesubsidized insurance design.

Table 5.2: SIMULATION 2: Effects of Insurance Premium Loading on Optimal Choice and
Wealth Composition

< SIMULATION 2: a
BENGHMARE Loaded Premium | Subsidized Premium

a=10 a =04 a=—-04
Consumption (CON) 1200 1190 1210
Coverage (COV) 0.88 0.87 0.89
Debt (D) 1385 1400 1375
Expected Revenue (Y) 1860.1 1860.1 1860.1
Net Wealth (W) 420 400 450
Insurance Premium (P) 16.5 22.5 i
Deposit (DED) 4035 3775 439
Ratios
W /Y 22.6% 21.5% 24.2%
D/Y 74.5% 75.3% 73.9%
CON/Y 64.5% 63.9% 65.1%
P/ W 3.9% 5.6% 2.4%
DEP/W 96.1% 04.4% 97.6%

Table 5.2 compared the steady-state statisticdaior loaded, and subsidized
premium scenarios. Net wealth is slightly lower tbe loaded premium case while
slightly higher for subsidized premium case. Debtslightly higher for loaded
premium case, mainly because of higher insurangmeats; while slightly lower for
the subsidized premium case. These results implyptemium loading only has mild
effect on farm risk management and precautionaitveeomposition. These results
are reasonable considering the inelastic propdripsurance demand, based on the
empirical estimation of agricultural insurance etagy (-1 < elasticity < 0) (Barnett
and Skees 1994), indicating that insurance demanthelastic with respect to
insurance price.

This result may imply that imposing higher premidoading would be

beneficial to insurance companies, as the optimslirance premium is $22.5/acre
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(meaning that farmers choose to spend $22.5/acrenqurance), higher than the
benchmark case ($16.5/acre), in spite of the faat optimal insurance coverage is
lower. Subsidizing insurance, on the other handy mat be very efficient in

increasing farmers' welfare, as the increase iswmption and precautionary wealth

is modest at best.
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Figure 5.10: Relationship Between Consumption and Premium Loading for a Farmer under
Liguidity Constraint

Figure 5.10 depicts the relationship between diffietevels of premium loading
and consumption levels at the steady state. Cordpar¢he benchmark case where
premium loading factor is 0, when insurance idtielmore expensive, farmers would
feel that they need to save more to ensure higheswmption level in the future (at
the steady state), so the steady state consumigtveh is a little bid higher. When
premium loading is raised to 0.4, it affects farsheet wealth through budget effects.
As a result, farmers’ consumption decreases atsthady state. When premium
loading is raised to 0.5, however, farmers’ dem#ordinsurance decreases (will be

verified in the following graph), and as a resplemium loading will no longer affect
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farmers’ wealth through budget effects, and farntieesefore increase consumption to
the steady state level.

When insurance is subsidized (premium loading fadgt negative), the
reasoning is similar. A modestly subsidized insaeawould make farmers feel that
they don't need to save more and thus the steady sbnsumption decreases a little
bid. When premium is more subsidized (premium logdactor is equal to -0.3), it in
effect increases farmers’ net wealth. As a refaliners’ consumption increases at the
steady state. When premium is heavily subsidizeghfpum loading factor is equal to
-0.4), however, farmers’ demand for insurance iases to the maximum allowable
level (90% coverage), and as a result, the expamedan insurance increases, and thus

farmers consumption level at the steady stateneio
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Figure 5.11: Relationship Between Coverage and Premium Loading for a Farmer under Lig-
uidity Constraint

Figure 5.11 depicts the relationship between diffietevels of premium loading
and insurance coverage levels at the steady Stetean see that insurance demand is
very inelastic with respect to premium loading. Whasurance premium loading

factor is in the range of -0.4 and 0.4, insuranoeectage is almost at the same level
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(0.88, except for 0.9 for loading factor equal @4). Only when insurance is heavily
loaded (premium loading factor is equal to 0.53umance coverage decreases to 0.65.

Overall, these results have three implicationsstFuwvhen liquidity constraint
exists and insurance is actuarially unfair, loadangnsurance premium would reduce
a farmer's interest in insurance purchasing. Origmthe insurance is subsidized and
for the very wealthy farmer would one expect toghaise the maximum allowable
insurance coverage as predicted in the static méalelfair insurance products
(Nyambane 2005). This result implies that whenitisgrance premium is subsidized,
the liquidity constraint is somewhat relaxed, amd Yery wealthy farmers, the
demand for precautionary saving is very low, whigsults in both increasing
consumption and increasing insurance coverage.

Second, in the case of loaded premiums, the optinsairance choice for a
poorer farmer with lower initial wealth was to tatke higher coverage than that for a
wealthier farmer, because the poorer farmers hagheh MPC, higher marginal
utility, and higher absolute risk aversion levet @&result, a poorer farmer will have a
higher intention to invest in insurance, even i§iexpensive.

Third, the results imply that premium loading onlysha mild effect on farm
risk management and precautionary wealth composifimposing higher premium
loading might be beneficial to insurance comparessinsurance demand is inelastic
with respect to insurance price. Subsidizing insoeg on the other hand, may not be
very efficient in increasing farmers' welfare, Bs tncrease in consumption is modest

at best.
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5.4 SIMULATION 3: VARIATIOINS IN THE MARKET RISK

This simulation is to investigate the variation bé toptimization process when the
market risk increases, which is implemented by cedy crop price, since reducing
output price will result in a higher probability baving a negative net profit, and thus
cause higher market risks for farmers.

Figure 5.12 compares the time paths of optimal eomion in the benchmark
case and in a riskier market environment. The resulicates that not only is
consumption level lower in the riskier market, st also more volatile. Under the
high-risk scenario, farmers will have lower expectevenue (permanent income),
and have to sacrifice more consumption at curréaie $0 keep a wealth level at
future state for precautionary purposes (Gomez-Sa@7). Thus, current
consumption would decrease, with higher variability

According to Gomez-Soto (2007), the opportunityt¢osterms of consumption
foregone) of holding the same amount of precautiongealth is higher when the
farmer is faced with higher market risk, which umrt reduce farmers' ability to avoid
sharp reductions in consumption. Farmers' lowesoomption level, as well as their
lower ability to smooth consumption when the baatest prevail reduces farmers'

welfare (Gomez-Soto 2007).
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Figure 5.12: Time Path of Optimal Consumption in the Benchmark and the Riskier Market
Environment

Table 5.3 shows the behavior of consumption, insea debt, and the
composition of the wealth portfolio in the steadgts. As output price is lower, the
minimum revenue is lower, which results in lowemmmum allowable net wealth
(minne) (-$900/acre). In order to analyze the effect otpot price on optimal
behavior in aceteris paribusvay, minnetin the benchmark case is also adjusted to be
-$900/acre to be comparable with the simulatiomade.

When farmers are exposed to higher systemic mahaatks, they will consume
much less (29.6% of the expected per-period revépeienanent income) as opposed
to 66.23% in the benchmark base), borrow less mdray financial institutions
(31.7% of the expected per-period revenue as opptws87.36% in the benchmark
case). Although the magnitude of steady state ptewary wealth is smaller, the
wealth ratio (ratio of precautionary wealth to parmant income) is higher (65.55% of
the permanent income as opposed to 60.75% in thehbeark casy.

An increase can also been seen for the share aayienary saving in
permanent income (64.40% as opposed to 60.64%eirbéimchmark case) and the

share of insurance premium in permanent incomes%a.as opposed to 0.1075% in

! In Carroll's (2001) estimate, the wealth ratio ieund 0.4.
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the benchmark case), as these types of assetsl@rgveater protection (risk-free

assets).

Table 5.3: SIMULATION 3: Effects of Riskiness of Market on Optimal Choice and Wealth
Composition

BENCHMARYE | B LIS TION 3t Ho
Riskier Environment
Pou!;md = 0.59 Poutpzu‘ =0.3

Consumption (CON) 1232 283
Coverage (COV) 0.77 0.89

Debt (D) 695 300
Expected Revenue (Y) 1860.1 945.8
Minimum Net Wealth (minnet) -900 -900

Net Wealth (W) 1130 620
Insurance Premium (P) 2 10.87
Deposit (DEP) 1128 609.13
Ratios

WY 60.75% 65.55%

D/Y 37.36% 31.7%
CON/Y 66.23% 29.6%

P/Y 0.1075% 1.15%
DEP/Y 60.64% 64.40%
P/W 0.1770% 1.75%

DEP / W 99.8230% 98.25%

The choice related to optimal debt (D) and dep@#P) shows that, when the
market is riskier (output price is lower), farmevsuld tend to borrow less money (to
finance consumption, insurance, and productioriferwhole year) and deposit more
money (for precautionary saving purpose for theurkit with financial institutions
than they do in the benchmark case. A probableoreas that, according to
Gomez-Soto (2007), the marginal valuation of kegmirecautionary wealth is higher
when there is higher market risk; thus, the farmefers to sacrifice some current
consumption for the protection of future consummptiather than to resort to credit
which would further deplete the stock of riskles=salth.

Figure 5.13, 5.14, and 5.15 depicts how the consiompcoverage, and wealth
change with respect to changes in output pricearitbe seen there is strictly positive

relationship between consumption and output piaece between wealth and output
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price. Insurance coverage shows a decreasing-siogacurve. As wealth is
positively related to output price, the coverageveuwith respect to output price
shows a similar pattern as the coverage curve mgspect to wealth. Therefore, the

curve is consistent with the relationship betweavecage and wealth.
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Figure 5.13: Relationship between Consumption and Output Price under Liquidity Con-
straint
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Figure 5.14: Relationship between Coverage and Output Price under Liquidity Constraint
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Figure 5.15: Relationship between Wealth and Output Price under Liquidity Constraint

This simulation can highlight some important polioyplications. As pointed
out by Gomez-Soto (2007), the level of financia¢plening is especially low in poor
agricultural areas where farmers are exposed tdehigsystemic market risk;
specifically, a lower level of appropriate suppfyffioancial and insurance facilities in
remote and poor agricultural areas. This heteragerieus would also lead to
different cost-benefits of the development of fioah facilities, and thus call for
different policy designs for different environmef@omez-Soto 2007).

Our results indicate that the patterns of consumnpéind insurance behavior
indeed vary much across different environments.sT kifferent environments would
call for different insurance and financial servic&articularly, when farmers are
exposed to higher systemic market risk, precautiorsaving ($489.13/acre as
opposed to $403.5/acre in the benchmark case) msdrance (1.16% of the
permanent income as opposed to 0.88% in the ben&hraae) would become more

critical in farmers' consumption smoothing and ns&nagement strategies.
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5.5 SIMULATION 4: VARIATIONS IN RELATIVE RISK AVERSION

This section analyzes the variations in the intésadbetween consumption, insurance,
debt, and precautionary wealth when the farmelative risk aversiory increases. In
the benchmark scenario, the coefficient of relatilek aversiony is set to be 2
following the empirical estimates of the farm-levedk aversion level in literature.
For example, Gourinchas and Parker (2002) estim#tedrelative risk aversion
coefficient by a consumption life-cycle model usi@@nsumer Expenditure Survey
data, and the coefficient is estimated to be 0Uding Robust Weighting, while the
coefficient is estimated to be 1.3969 using Optikvalghting.

The relative risk aversion coefficient we use ishleigthan Gourinchas and
Parker’s (2002) estimates, because generally spgatiop planting farmers are
poorer than average households and thus are nketg to have higher relative risk
aversion. Samuelson (1969) showed that "...anystaovevho faces a range of wealth
in which the elasticity of his marginal utility settule is large will have high risk
tolerance and a high propensity to embrace varjarared that "...the scale of risk
tolerance is highest for rich - but not ultra-richpeople.” In other words, poor and
very rich farmers would possibly have higher riskersion level. Therefore, two
coefficients of relative risk aversiop,= 2 andy = 4, are simulated in this section, as
Gomez-Soto (2007) indicated that a maximum empinedue in the literature is
equal to 4.0.

Figure 5.16 depicts consumption path lines starfiogn initial wealthw =

$2000/acre for the benchmark case and for the higble averse case. We can see
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current consumption decreases while future consemphcreases comparing with
the benchmark case. Current consumption drops f#d®00/acre fory = 2 to

$1500/acre fop = 4; while future equilibrium consumption doesttiatnge much. The
result is consistent with Romer’s (2001) propositabout risk aversion level, that
people with a higher relative risk aversion levelwd be more inclined to accumulate
wealth for precautionary purposes in order to mtosgainst future income shocks.
Thus, higher risk averse producers will have a higitepensity for precautionary

saving, which in turn decreases current consumpti@nsure future consumption.
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Figure 5.16: Time Path of Optimal Consumption for Benchmark Case vs. for More Risk
Averse Case

As for the insurance coverage, optimal coverageictlgp in Figure 5.17
increases for very wealthy farmers with wealth lewethe range of $1800/acre and
$2000/acre. For lower risk averse farmers, thenmgdtcoverage for this range of high
initial wealth level is very low, corresponding @insurance premium, while for
higher risk averse farmers, the optimal coveragehie range of initial wealth level is
relatively high with positive insurance premiumsid result concerning the changes
in insurance coverage due to changes in risk awervel is very similar to an
increase in the level of the liquidity constraimind thus confirms that liquidity

constraint has the effect of increasing farmes¥ aiversion level.
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Figure 5.17: Relationship of Optimal Coverage and Wealth for Benchmark Case vs. for More
Risk Averse Case

As noted before, increase in relative risk aversimuld induce farmers to
accumulate wealth for precautionary purpose. Astlfier portfolio of precautionary
wealth, which consists of insurance and precautiorsaving, the composition is
ambiguous. For insurance, as noted by Nyambané&)20@ variation in relative risk
aversiony would have two effects on insurance: one is atpesimpact on the
precautionary demand for insurance, and the otheris a positive impact on the
precautionary demand for accumulating wealth, whittmes at the expense of
insurance. The reason, as shown by Rothschild &gtit(1971), is that the utility
function used here has the property that the madeiof the two effects depends on
the same parameter, It appears that in this specific study, for weiglt farmers, the
demand for insurance outweighs the precautionanyagie for accumulating wealth;

as a result, when risk aversion level increasey, thoose to insure more.
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Table 5.4: SIMULATION 4: Effects of Risk Aversion on Optimal Choice and Wealth Com-
position

SIMULATION 4: ~
BENICTINARE More Risk Averse

v =2 7 =4
Consumption (CON) 1200 1200
Coverage (COV) 0.88 0.878
Debt (D) 1385 1370
Expected Revenue (Y) 1860.1 1860.1
Net Wealth (W) 420 500
Insurance Premium (P) 16.5 16.1
Deposit (DEP) 403.5 483.9
Ratios
W/Y 22.6% 26.9%
D/Y 74.5% 73.6%
CON/Y 64.5% 64.5%
P/Y 0.88% 0.865%
P/W 3.9% 3.2%
DEP / W 96.1% 96.8%

Table 5.4 summarized the results of the steady statistics for a higher risk
aversion level. As risk aversion increases, ouultesshow that farmers would
increase precautionary wealth from 22.6 percentpefmanent income in the
benchmark scenario to 26.9 percent of permaneptmec¢ which is accomplished by
decreasing consumption at the previous periodsrbefieady-state (not shown in the
table) and by decreasing debt at steady-state $b885/acre in the benchmark case
to $1370/acre. A decrease in consumption and detitel early periods when wealth
level is low allows farmers to have higher end-e&son deposit each year and,
therefore, to accumulate more precautionary weialtthe subsequent periods and
have higher ability to smooth consumption when &iate prevails.

Figure 5.19, 5.20, and 5.21 depicts how farmersisadiheir consumption,
coverage, and wealth levels when they have higis&raversion levels. The result
shows that a higher risk aversion level will leadhigher demand for precautionary

saving, and thus higher levels of consumption apdltl at steady state. Higher risk
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aversion level affects insurance coverage througheffects: one is a positive impact
on the precautionary demand for insurance, anatier one is a positive impact on
the precautionary demand for accumulating wealthickv comes at the expense of
insurance. As wealth is positively related to ralersion level, the coverage curve
with respect to risk aversion should be consisiétiit the coverage curve with respect
to wealth. Note that these graphs are all for stestdte which corresponding to
wealth level in the range of $400/acre and $508/akr this range of wealth level,

coverage shows an increasing and decreasing trendegpect to wealth, as shown

in last chapter.
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Figure 5.18: Relationship between Consumption and Risk Aversion under Liquidity Con-
straint
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Figure 5.19: Relationship between Coverage and Risk Aversion under Liquidity Constraint
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Figure 5.20: Relationship between Wealth and Risk Aversion under Liquidity Constraint

5.6 SIMULATION 5: VARIATIONS IN TIME PREFERENCE

The effect of changing farmers' measure of timeguegfce parameter on optimization
choices is investigated in this section. Gourincdwad Parker (2002) used a synthetic
cohort technique and estimated the aggregate disecate for U.S. households to be
4.188 percent using Robust Weighting (equivalerdisgount factopp = 0.9598) and
to be 4.507 percent using Optimal Weighting (edientato discount factop =

0.9569), and also estimated the discount rate basedifferent levels of education
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and occupation, with 3.94 percent being the lowesthigh school (equivalent to
discount factorp = 0.962) and 5.93 percent being the highest fodgmte school
(equivalent to discount factgi=0.944). In our benchmark case, agreeing with the
value used in Nyambane’'s (2005) study (11.25%),dikeount rate of 11.24 percent
(equivalent to discount factgr = 0.8989) is calculated, higher than the estimates
Gourinchas and Parker (2002), as generally po@mndrs are more impatient, and
value current consumption and discount future conmion much more than the rich

and patient farmers (Gomez-Soto 2007).

In the simulation scenario, the discount rate is D¥creasing the discount rate
to 1% is equivalent to increasing discount fagtéo 0.99. In other words, farmers are
relatively more patient in the simulation scenario.

Figure 5.21 shows that consumption line shows ahmsmoother increasing
trend over time comparing with Figure 4.1, and sleady-state consumption level is
around $1270/acre (higher than in the benchmark)cadile coverage fluctuates
between 87% and 65% and stabilizes at around 8086 H) years (lower than in the
benchmark case (88%)). It takes a longer time (@&rs) for all control variables
(consumption, insurance coverage, and debt) anel wsaiables (wealth) to converge
to the steady state, and all lines show much smeoothcreasing/decreasing

trends.
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Figure 5.21: Time Path of Optimal Consumption, Coverage, Wealth, and Debt for a More
Patient Farmer

These results are reasonable, as more patient aoend be more inclined to
accumulate wealth as they value future more thathénbenchmark case, and as a
consequence, reduce current consumption and irecragare consumption, and

indirectly reduce current insurance demand.

Table 5.5: SIMULATION 5: Effects of Time Preference on Optimal Choice and Wealth
Composition

BENCHMARK SIZ\«IULATIQN 5: 8
More Patient

5 = 0.8989 8 =10.99
Consumption (CON) 1200 1250
Coverage (COV) 0.88 0.80
Debt (D) 1385 175
Expected Revenue (Y) 1860.1 1860.1
Net Wealth (W) 420 1750
Insurance Premium (P) 16.5 4
Deposit (DEP) 403.5 1746
Ratios
WY 22.6% 941%
D/Y 74.5% 9.4%
CON /Y 64.5% 67.2%
P/Y 0.88% 0.865%
P/ W 3.9% 0.26%
DEP / W 96.1% 99.74%

Table 5.5 compares the steady-state statistichéobenchmark case and more

patient farmers. The results show that impatiemhéas in the benchmark case keep a
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very low level of wealth (22.6%) while more patiéatmers keep a much higher level
of precautionary wealth compared to the baselimereasing from 22.6% to 94.1%.
Debt decreases from 74.2% to 9.4%. A higher le¥gdrecautionary wealth enables
farmers to better avoid sharp reductions in condiom@nd thus have a higher ability
to smooth consumption (Gomez-Soto 2007), and assaltr consumption shows a
smoother path (as shown in Figure 5.21). More patiermers tend to have lower
demand for insurance (coverage decreases from 88B4% at the steady state).
Figure 5.22, 5.23, and 5.24 depicts the relatignflstween consumption and
patience levelf{, as highefy means valuing future more and thus more pati¢iné),
relationship between coverage and patience lewmdltlze relationship between wealth
and patience level. Results indicate that moreepafarmers would value future more
and thus accumulate wealth for the future and cmesmore in the future (at the
steady state). The result also confirms the comensiated previously, that more

patient farmers tend to have lower demand for ausce.
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Figure 5.22: Relationship between Consumption and Patience Level under Liquidity Con-
straint
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Figure 5.23: Relationship between Coverage and Patience Level under Liquidity Constraint
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Figure 5.24: Relationship between Wealth and Patience Level under Liquidity Constraint

Gomez-Soto (2007) contended that impatience anderpovare intricately
connected, thus providing deposit facilities fotremely poor and impatient villagers
in developing countries may not effectively helprihimprove their risk profile. Our
result confirms Gomez-Soto’s (2007) contention, iagatient farmers in the
benchmark case keep a very low level of precautjoneealth (22.6%), and the
precautionary saving (DEP) is even lower (96.1%prgcautionary wealth). With

regard to policy making, other innovative risk maeaaent facilities may need to be
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provided to mitigate, transfer, and share the ofkkncome fluctuation (Gomez-Soto
2005). Our results indicate that impatient farmeasge a higher tendency to invest in
insurance for precautionary purposes. This result beaof interest to policymakers

who want to help extremely poor and impatient farsrie manage their risk.

5.7 SIMULATION 6: VARIATIONS IN INTEREST RATE

This simulation examines the changes in optimal ad®and their relationship with
wealth when the risk-free rate of interest increa3ée objective of this simulation is
to examine the influence policy intervention maydiaon farmers' consumption
smoothing, insurance, and debt decision througanfiral system channels. In the
benchmark case, the risk-free interest mater deposit and debt is assumed to be
0.0469; and in the simulation scenario, a highterest rate =0.08 is assumed to be
charged (for loan) or paid (for deposit) by a rigde financial institution. It should be
noted that the variations in interest rates canmse account-specific, that is,
different interest rates can be applied to diffefammers with different credit risks
(e.g., expected probability of default).

Figure 5.25 shows the relationship between consiompand wealth in a
higher interest rate scenario. The result shows fillmmost farmers (with initial
wealth in the range of $500/acre and $2000/acreC MRower than in the benchmark
case. Specifically, for wealthy farmers (initial alth = $2000/acre), optimal
consumption is $1500/acre as opposed to $1600iadiee benchmark case, as the

result of higher precautionary demands for savind accumulating wealth, which
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results in lower marginal propensity to consume QMRs calculated to be

approximately 0.21 as opposed to 0.2667).
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Figure 5.25: Relationship of Optimal Consumption and Wealth in a Higher Interest Rate
Scenario

Figure 5.26 shows that, increasing the interest oditthe financial institution
will, ceteris paribusinduce the farmer to reduce insurance purchasgared with
the benchmark case. A possible reason is that ketweese two risk management
instruments, a higher interest rate becomes mdractave, and thus they reduce
insurance in order to deposit more in a finanamstitution. However, very wealthy
farmers tend to increase insurance coverage. Fampbe, for farmers with initial
wealth equal to $2000/acre, the optimal insurarmeiage is 80% as opposed to 0%
in the benchmark scenario. The reason is probablya very wealthy farmer already
has sufficient deposit at financial institutionadahus the extra money as the result of
increasing interest rates enables them to buy instgance without greatly affecting

their consumption and deposit levels.
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Figure 5.26: Relationship of Optimal Coverage and Wealth in a Higher Interest Rate Scenario

Table 5.6 summarizes the optimal choices and cortpof wealth at the
steady state. Table 5.6 indicates that increadeg imterest rate of the financial
institution will, ceteris paribus induce farmers to reduce consumption (from
$1200/acre to $1180/acre), and to hold a largeruatnof net wealth, increasing from
$420/acre in the benchmark case to $550/acre, amn 22.2% in the benchmark
scenario to 29.6% of the expected production regemtnich is equivalent to around
four months' permanent income as opposed to thoegh®' permanent income in the

benchmark case.

Table 5.6: SIMULATION 6: Effects of Interest Rate on Optimal Choice and Wealth Com-
position

BENCHMARK | JIMULATION 6: »
Higher Interest Rate
r = 0.0469 r =0.08
Consumption (CON) 1200 1180
Coverage (COV) 0.88 0.78
Debt (D) 1385 1200
Expected Revenue (Y) 1860.1 1860.1
Net Wealth (W) 420 550
Insurance Premium (P) 16.5 2.5
Deposit (DEP) 403.5 5475
Ratios
W/Y 22.6% 29.6%
D/Y 74.5% 64.5%
CON/Y 64.5% 63.4%
P/Y 0.88% 0.13%
P/ W 3.9% 0.5%
DEP / W 96.1% 99.5%
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The relative attractiveness of debts (to financesumption, insurance, and
production for the whole year) is reduced; nowrtiteo of debt to expected revenue is
64.5% compared with 74.5% in the benchmark caseceSdeposits have become
more attractive, farmers choose to attain more egtmn by accumulating
precautionary savings. The composition of the wedglhtfolio shows that, the
percentage of insurance is lower (from 3.9% of we#lth to 0.5% of net wealth),
implying that farmers would prefer saving to inswoa for precautionary purpose.

Figure 5.27, 5.28, and 5.28 depicts the relatignsletween consumption and
interest rate, the relationship between coverageimterest rate, and the relationship
between wealth and interest rate. The results stigbat higher interest rate would
induce farmers to reduce consumption, which is isteist with macro-economic
theory. An increase in interest rate would alsacednsurance purchase indirectly, as
farmers would prefer saving to insurance. An insee& saving would also have
positive effect on wealth level at the steady statel thus wealth level is positively

related to interest rate.
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Figure 5.27: Relationship between Consumption and Interest Rate under Liquidity Con-
straint
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Figure 5.28: Relationship between Coverage and Interest Rate under Liquidity Constraint
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Figure 5.29: Relationship between Wealth and Interest Rate under Liquidity Constraint

This result implies that farmers' decision on congtiom, insurance, credit,
and precautionary wealth seems to be sensitivéhdoiriterest rate, implying that
adjusting interest rates, together with adjustiagriers' credit limit would be very
effective in monetary policy transmission. For exéan when the policy requires
banks to strengthen liquidity constraint or to ease interest rates of both debts and

deposits, the volume of debt would fall, consumptroould be reduced immediately,
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optimal insurance purchase would decrease, precauti wealth would accumulate
more, and the supply of deposits (precautionaringawvould also increase.

Another implication for local financial institutisnis, to attract deposit and/or
to reduce bad debt, they may consider offering nadiractive options. According to
Gomez-Soto (2007), local financial institutions araall, with higher portion of bad
loans, and their loan portfolio is not diversifiedough. Therefore, a systemic shock
may undermine their soundness and solvency, anasexphem to the risk of
bankruptcy. Our results suggest that increasinguatespecific interest rates, or
applying higher APRs to farmers who have a highrebability of default may help
local financial institutions attract deposits arediuce bad loans, and to help farmers
accumulate wealth and mitigate the impact of incwaeation. However, increasing
interest rates for the whole farmers would bringngw problem, such as adverse
selection and moral hazard. It would be more apyaitp to have a better credit
evaluation system and apply higher interest ratefaomers with higher default risks.
As Gomez-Soto (2007) pointed out, credit marketsrat inclined to increase interest
rate due to the adverse selection problem, bedaarsewers with higher default risks
would have higher willingness to pay (WTP) for thecreased interest rates.
Gomez-Soto (2007) argued that financial institigisshould engage in non-price
credit rationing rather than purely increasing iest rate in order to avoid default risk.
While this issue is interesting to policymakers,idt beyond the scope of this

dissertation.
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5.8 SIMULATION 7: BASIS RISK - GRP AND WD

This section presents simulation of the impact odidbaisk. Compared with the
benchmark case where farmers buy a Multi-Peril Crogurance (MPCI) without
basis risk, two alternative insurance products thebrporate basis risk are used in
this study: Group Risk Plan (GRP) and Weather [irre (WD) insurance.

Figure 5.30 shows the consumption path for a farperchasing GRP
insurance. It can be seen that the consumptiorerpais similar to the MPCI
insurance case. However, there are some minoraiifées. During the first 5 years of
the optimization period, consumption is slightlykr than in the benchmark scenario,
and it takes a longer time (around 10 years) talredhe steady state equilibrium
consumption value, a value slightly larger than ¢lqeilibrium consumption level in
the MPCI case ($1210/acre as opposed to $1200/atha) is, with basis risk,
farmers reduce current consumption to ensure higgnezls of consumption and

wealth in the future, compared with the benchmadec
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Figure 5.30: Time Path of Optimal Consumption in a GRP Scenario

Figure 5.31 shows how the expected debt evolves time. Comparing with
Figure 4.1, the equilibrium debt value with bassk presence ($1270/acre) is lower
than in the MPCI insurance case ($1385/acre). Tausresults indicate that when
there is higher uncertainty and higher residualnsumiable risk, farmers would
decrease current consumption and reduce debt ine#inly period, in order to

accumulate precautionary wealth in the future.
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Figure 5.31: Time Path of Debt in a GRP Scenario
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Figure 5.32 shows the relationship between ins@aoverage and wealth for
the GRP purchaser, at all wealth levels, the optimsurance coverage is lower than
that in the benchmark case. This result indicatas wWhen the insurance products
have basis risk, farmers are exposed to additianaisurable residual risk, which
discourages farmers from purchasing insurance. Aesalt, farmers choose to take
lower insurance coverage than that in the MPClrgasce case in order to accumulate
enough wealth to better protect consumption whehsbates prevail.

The reason, as pointed out by Miranda (1991), i$ tiha risk management
ability of area-yield crop insurance is highly tteld to the correlation between the
area yield and individual farm level yield. In otlveords, basis risk of area-yield crop
insurance acts like an additional risk, which exgsofarmers to a residual uninsurable
risk. This increase in risk and uncertainty thusreases the insuree's demand for
precautionary saving, as precautionary saving asdrance are two instruments in
farmers' risk management portfolio, and thus fasmewould prefer the risk-free

deposit when insurance incurs basis risk.

06

Optimal Coverage

Figure 5.32: Relationship of Insurance Coverage and Wealth in a GRP Scenario
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The Weather Derivative scheme also investigateseffect of basis risk on
optimal decisions. Figure 5.33 compares the realatipp between optimal
consumption and wealth level in the benchmark seenand in the Weather
Derivative purchaser. Comparing with the benchntase, current consumption level
decreases to ensure same/higher level of futuresucoption at steady-state for
farmers in all ranges of initial wealth. For examplor farmers with initial wealth
equal to $2000/acre, optimal consumption is $1586/as opposed to $1600/acre in
the benchmark case; for farmers with initial weadthual to -$500/acre, optimal
consumption is $300/acre as opposed to $400/actieeienchmark case. Marginal
propensity to consume (MPC) thus increases for famwners and decreases for rich
farmers (for poor farmers, MPC is around 0.9 asospf to 0.8 in the benchmark
case; for rich farmers, MPC is around 0.21 as opghds 0.266 in the benchmark

case).
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Figure 5.33: Relationship of Optimal Consumption and Wealth in the Benchmark Scenario
and in a Weather Derivative Scenario

These results imply that in the presence of basitsthe precautionary demand
for accumulating wealth increases, which inducesméas to reduce current

consumption to ensure high levels of consumptiorthien future. As for marginal
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propensity to consume, MPC is even higher for p@aomers, meaning that poor
farmers' consumption is more influenced by tramgitocome (random shocks to net
wealth) than in the benchmark scenario; MPC is deemr for rich farmers, meaning
that their consumption depends even more on pembameome than in the
benchmark scenario.

Figure 5.34 shows the relationship between optimsilirance coverage and
wealth level in a Weather Derivative scenario. &mito GRP, an increase in
uninsurable residual risk of insurance induces &smo save more with deposit

facilities and to reduce insurance compared td#drechmark case.
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Figure 5.34: Relationship of Optimal Insurance Lambda and Wealth in a Weather Derivative
Scenario

Table 5.7 summarized the steady-state statistiesul®s shows that in both the
GRP scenario and the Weather Derivative (WD) scéengarmers faced with basis
risk would spend less on insurance premiuf £$11/acre for GRP and $10/acre for
WD). Therefore, basis risk acts like an additionainsurable residual risk which
makes it less attractive to purchase insurance pifecautionary purposes. The

expected net wealth shows an increase from 22.68&mécted production revenue to
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29.6% for GRP and 32.3% for WD, as a result of aighrecautionary demand for
accumulating wealth in the presence of basis rigkis in turn induces higher
consumption level at steady state, as farmers havgher ability to maintain higher

levels of consumption because of higher precautjowaalth.

Table 5.7: SIMULATION 7: Effects of Basis Risk on Optimal Choice and Wealth Compositio

SIMULATION 7:
BENCHMARK | GRP and Weather Derivative
Basis Risk 1 Basis Risk 11
MPCI GRP WD
Consumption (CON) 1200 1202 1197
Coverage (COV) 0.88 0.75 0.678
Debt (D) 1385 1314 1310
Expected Revenue (Y) 1860.1 1860.1 1860.1
Net Wealth (W) 420 550 600
Insurance Premium (P) 16.5 15 10
Deposit (DEP) 403.5 439 590
Ratios
W/Y 22.6% 26.7% 32.3%
D/Y 74.5% 70.6% 70.4%
CON/Y 64.5% 64.6% 64.4%
P/ W 3.9% 3.02% 1.67%
DEP /W 96.1% 96.98% 98.33%

In addition to the level effect on precautionaryaltle, basis risk also has a
composition effect on the portfolio of precautionavealth, which is composed of
two risk management instruments (insurance and si@pin the presence of basis
risk, farmers would prefer deposits (the risk-fimstrument) to insurance holdings
(the risky instrument). As a result, the sharensuirance in the precautionary wealth
drops from 3.9% in the benchmark case to 2% inGRé scenario and 1.67% in the
WD scenario.

Debt is stabilized at around $1270/acre for GRPaodnd $1040/acre for WD,
which are lower than that in the MPCI insurancenac® ($1385/acre), implying that

in the presence of basis risk, farmers would rastfeom borrowing to finance
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consumption, insurance, and production for the whgear, and reduce current
consumption to ensure higher precautionary weatith migher future consumption
levels.

The simulation on GRP and WD products illustratieat tunder basis risk,
precautionary wealth becomes larger, as it serveghar purpose in addition to
consumption smoothing: mitigating the impact of ibassk, which is an added
element of farmers’ risk profile. As there is remag uninsurable risk, farmers expect
to suffer an income loss without the coverage surance (Nyambane 2005), and
thus insurance still has downside risk and is myéwo risk free; as a result, farmers
would hold even larger stock of precautionary weabmpared to the benchmark
scenario in which no basis risk exists and thusrarsce can be regarded as a risk free
risk management instrument. For this reason, theirete precautionary wealth
becomes larger and its value also increases. Aseslty farmers increase
precautionary demand for accumulating wealth, whidduces farmers to decrease
current consumption to ensure a sufficiently highel of precautionary wealth and
consumption in the future steady state, compardd tve benchmark scenatrio.

Table 5.8 summarized the effect of different insgeproducts (without basis
risk and with basis risk) on farmers’ value funoti@and Certainty Equivalent
Consumption at the initial state. Table 5.8 shawed &t the same initial wealth level,
farmers would have lower value function and lowert&inty equivalent consumption

level in the GRP scenario and in the WD scenarith(basis risk).
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Table 5.8: Effects of Basis Risk on Farmers’ Value Function and Certainty Equivalent Con-
sumption at Initial State

Initial Wealth ($/acre) | Insurance Value Certainty Equivalent Consumption ($/acre)
500 MPCI | -0.008268 1196.323
500 GRP -0.008290 1193.148
500 WD -0.008390 1178.927
-500 MPCT | -0.010083 980.978
-500 GRP -0.010100 979.326
-500 WD -0.010950 903.306

The presence of basis risk induces farmers to slessdon insurance than in the
benchmark case, as basis risk in effect is an urabde residual risk which makes it
more attractive for farmers to allocate a highapprtion of precautionary wealth to
financial deposit than to insurance, as insurareend longer a risk free asset

compared to deposits with a financial institute.

5.8 SIMULATION 8: RANDOM PRICE AND REVENUE INSURANCE

This simulation examines the effect of random pooethe optimization process and
the resulting composition of wealth portfolio. Outgprice now is no longer fixed,
and is assumed to be chosen randomly from the &d-gistorical price. Further
assume prices and yields are correlated; and tirergbrice and yield each year are
chosen simultaneously from the 31-year historicatad and one price data
corresponds to one yield data for a given year.

The minimum possible revenue is lower (-$900/abegjause of varied price, as
the lowest historical price is very low. Therefooeedit limit is stricter. In order to
focus on the effect of random price on the optirbahavior, the simulation is
conducted in @eteris paribusvay; the minimum allowable net wealtmifinej in the

benchmark is also adjusted accordingly to -$90@/acrorder to be comparable with
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the random price scenario. When farmers are expisedlatile market shocks, they
will consume less (65.47% of the expected per-pemwyenue (permanent income) as
opposed to 66.23% in the benchmark base), borr@es teoney from financial
institutions (29.46% of the expected per-periocerale as opposed to 37.36% in the
benchmark case). Both the wealth level and the tiveatio (ratio of precautionary
wealth to permanent income) are higher ($1250/asrepposed to $1130/acre, and
68.20% of the permanent income as opposed to 60.n5%e benchmark case).
However, insurance premium is very low ($1.2/adraplying that MPCI which only
insures against yield loss is not a good risk mamant strategy now, as output price
is not covered by insurance. Another form of inege— revenue insurance — is now
designed to insure against price variation andlyiegether. The strike is the product
of historical average price and historical averamghividual yield (still has the moral
hazard problem). Results show that the insuraneenjpim of revenue insurance is
much higher than in the benchmark case, implyiag tiis type of insurance provides

higher value to farmers.
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Table 5.9: SIMULATION 8&: Effects of Varied Price on Optimal Choice and Wealth Compo-

sition

SIMULATION 8:
BENCHMARK | Correlation Between Price&Yield
Varied Price Varied Price
MPCI MPCI Revenue Insurance

Consumption (CON) 1232 1200 1210
Coverage (COV) 0.77 0.76 0.9
Debt (D) 695 540 660
Expected Revenue (Y) 1860.1 1832.9 1832.9
Minimum Net Wealth (minnet) -900 -900 =900
Net Wealth (W) 1130 1250 1200
Insurance Premium (P) 2 12 45
Deposit (DEP) 1128 1248.8 1155
Ratios
W/Y 60.75% 68.20% 65.47%
D/Y 37.36% 29.46% 36.01%
CON/Y 66.23% 65.47% 65.47%
P/ W 0.1770% 0.096% 3.75
DEP / W 99.8230% 99.9% 96.25%

Table 5.10: Effects of Varied Price and Revenue Insurance on Farmers’ Value Function and
Certainty Equivalent Consumption at Initial State

Initial Wealth ($/acre) | Priceds Insurance Value | CEC($/acre)
500 Fixed Price&MPCI | -0.008268 1196.323
500 Varied Price&MPCT | -0.009191 1076.241
500 Varied Price&RI | -0.008986 1100.722
0 Fixed Price&eMPCI | -0.008694 1137.717
0 Varied Price&MPCI | -0.011274 877.361
0 Varied Price&RI | -0.011069 893.562

Table 5.10 summarized the effect of varied price #me effect of revenue
insurance on farmers’ value function and on thart&inty Equivalent Consumption.
The results show that varied price would reduce éasirvalue function and Certainty
Equivalent Consumption, and that revenue insurasieebetter risk management tool
compared with MPCI in the presence of price vasigtias it leads to higher value
function and higher CEC, although still lower thanthe benchmark case without

price variation.
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5.10 SIMULATION 9: VARIATIONS IN CROP TYPE AND ROTIN
The last simulation examines the impact of crop tgpé production rotation on the
optimization process and the steady state wealttigtio. In the rotation scenario, it
is assumed that farmers allocate half acre for yearmoduction, and allocate the
remaining for cotton production. Here the insurapoeduct is still multi-peril crop
insurance (MPCI) to be comparable with the benchntase. Insurance strike is
assumed to be equal to the average of the expémtedievel cotton yield and the
expected farm-level peanut yield, based on DSSAUkited data from 1976 to 2006.

Insurance indemnity is based on the difference &ebnthe product of coverage
and strike and the average of actual cotton yield peanut yield, and a weighted
average output pric&P, which is determined by:

05RY, + 05RY, = P(05Y, +0.5Y,) (5.1)

whereP; and P, are output prices for cotton and peanut respdgtiaad are
assumed to be fixed (to be comparable with benckcese):Y; andY, are individual
yield (Ib/acre) for cotton and peanut respectivelyd are chosen randomly from
historical yield. Thus:

05PREY, + 05P,EY, = EP(05EY, +0.5EY,) (5.2)

We know thateY; andEY, are 3152.72lb/acre and 11451.32Ib/acre, and output
prices are fixed and assumed to $0.59/Ib and $0.28spectivelyEP then can be
determined ($0.3439/Ib). The minimum net wealtle@wh scenario is assumed to be
approximately the minimum possible revenue of gaolduction strategy. In this way,

although the magnitudes of credit limit for thegges of production are different, the
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relative strictness of credit limit (with respect tevenue level) is similar among
different production scenarios. We use differemddrlimits for different production
strategies because it is possible for banks taméte farmers’ credit limit based on
their production information. However, it is mordfidult for banks to adjust the
credit limit taking into account future price chan@nd thus in the simulations about
price changes (Simulation 3 and Simulation 8), shene credit limit is applied to
different price scenarios).

Table 5.11 summarized the steady state statistioptomal choices as well as
the composition of wealth portfolio. Coefficient wdriation (CV) is calculated as the
standard deviation divided by the mean, multipllsd 100 percent, to handle the
problem of standard deviation (depends on the uh#s$ are used). The rotation
strategy leads to lower CV of Profit, and thus lowisk. Moreover, out results
indicate that under the parameter values assumega@h scenario, the rotation
strategy leads to highest level of precautionaraltheat the steady state. A higher
level of precautionary wealth at the steady statald/enable farmers to better avoid
sharp reduction in consumption when bad statesagreand thus to have higher

ability to smooth consumption in the future.
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Table 5.11: SIMULATION 9: Effects of Crop Type and Rotation on Optimal Choice and
Wealth Composition

SIMULATION 9:
BENCHMARK Crop Type and Rotation
Different Crop Rotation
Clotton Peanut Cottond Peanut

Consumption (CON) 1200 1710 1465
Coverage (COV) 0.88 0.8725 0.8994
Debt (D) 1385 2820 1685
Expected Revenue (Y) 1860.1 3206.37 2533.07
Output Price (F,utput) 0.59 0.28 0.3439
Production Cost (cost) 592.45 1344.24 968.35
Minimum Net Wealth (minnet) -1500 -3000 -2000
Strike (strike) 3152.72 11451.33 7302.02
Net Wealth (W) 420 250 595
Insurance Premium (P) 16.5 6 10.2
Deposit (Dep) 403.5 244 584.8
Ratios
W/Y 22.6% 7.8% 23.5%
D/Y 74.5% 87.9% 66.5%
CON/Y 64.5% 53.3% 57.8%
P/ W 3.9% 2.4% 1.7%
DEP / W 96.1% 97.6% 98.3%

Table 5.12 summarized the effects of crop type raation on farmers’ value
function and Certainty Equivalent Consumption & ithitial state. Table 5.12 shows
that at the same initial wealth level farmers waudde the highest value function and
certainty equivalent consumption level in the pégmeduction scenario, and have
the lowest value function and certainty equivaleohsumption level in the cotton
production scenario. The value function and cetyagguivalent consumption level in
the rotation production scenario are in betweethefvalues in the single production
scenarios. In this simulation the prices of peaantl cotton are assumed to the
average prices. The results indicate that pearadygtion is a better strategy than
cotton production. However, it should be noted fhaters don’'t know peanut price
or cotton price when they plant the crop. It isgioke that when prices change (cotton
price increases and peanut price decreases), cotight be a better choice than

peanut production. In addition, farmers use rotasitrategy for various reasons, such
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as soil protection, pest control, utilizing nitrogtertilizer, spreading risk, etc. These

factors should also be taken into account when mgg&idecision.

Table 5.12: Effects of Crop Type and Rotation on Farmers’ Value Function and Certainty
Equivalent Consumption at Initial State

Initial Wealth ($/acre) Production Value Certainty Equivalent Consumption ($/acre)
500 Cotton -0.008268 1196.323
500 Peanut -0.005731 1725.911
500 CottondzPeanut | -0.006838 1446.504
-500 Cotton -0.010083 980.978
-500 Peanut -0.006181 1600.258
=500 Cotton&Peanut | -0.008172 1210.377
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CHAPTER 6
CONCLUSIONS

This dissertation formulates a structural dynamicodet that stresses the
interdependence between the alternative risk maneage methods, and takes into
account a number of important features of the &cgecultural economy: income
uncertainty, liquidity constraint, and the use wofgation, insurance, and credit to
mitigate income risk and to smooth consumption. AlllBan's equation with
numerical technique is used to give approximatibthe life-time behavior paths of
consumption, insurance, credit, and accumulationweflth, in a multi-period
life-cycle model. This model provides additionalsights concerning the risk
management behavior for different farmers (withfedént initial net wealth) that
could not be obtained from the static models.

According to Carroll (2001), as long as farmers mnpatient, they will get
converged consumption paths after sufficient timan if the economy as a whole is
not at the steady-state temporarily. Our resultfficoed this contention, and show
that the choice and state variables evolve to rasstkady-state distribution after only
5-10 years, which provide insight about the behasfanost farmers in the economy.
This result is dramatically different from the @enty equivalent model noted by
Modigliani (1966), in which no general conclusiortmn be derived about
consumption behavior for any particular state asnwgd behavior is different for

different state.
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The result concerning marginal propensity to corsyMPC) indicates that
consumption by poor farmers is more influencedrapgitory shock to their income
than rich farmers. Moreover, our result seems fopstt Friedman’s (1957) PIH
theory, as the MPC for both poor and wealthy fasrere much less than 1, and
dramatically larger than the 0.05 implied by thef@et foresight model or by the
certainty equivalent model. The result concernimgurance confirms Gollier's (2003)
conclusion, that wealthier farmers tend to reduseiiance purchase, due to the utility
function's property of decreasing absolute risksioa (DARA).

A variety of sensitivity analysis shows that, cetsint with Carroll (2001), the
overall pattern of the consumption function figux@v) (increasing and concave) is
unchanged under alternative simulation scenariodicating that the conclusions
made above about consumption pattern are robustamative values of parameters.
Under stricter liquidity constraint, MPC is highendicating that farmers would
consume a larger proportion of transitory incomanthin benchmark case, and
confirms the literature suggesting that liquidignstraint may be an important reason
for the higher MPC. However, MPC is still much lavtkan 1 in our results, which
still supports Friedman (1957).

As for insurance, with stricter liquidity constrgirmost farmers adopt less
insurance coverage; however, for very wealthy fasnesurance coverage is higher
than in the benchmark case. This result differsnfildyambane (2005), and implies
that no strictly negative relationship can be di&hbd between liquidity constraint

and insurance coverage. A possible reason is thbin@ding liquidity constraint
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induces more risk aversion (in effect, increasegéfative risk aversion coefficieny,
and an increase in has two effects on farmers: one is to increaseddmaand for
insurance; the other one is to increase the prieceuy motive to save (at the
expense of insurance) (Rothschild and Stiglitz }9These two effects, along with
the budget restraining effect of liquidity constrtai work together on farmers;
however, for very wealthy farmers, it seems thatdemand for insurance outweighs
the demand for precautionary saving (the reasorhtmig that the demand for
precautionary saving becomes very low when initighlth increases to a very high
level because of the DARA nature of utility), aris insurance coverage is higher
for very wealthy farmers compared with the benchntarse.

When farmers are subject to full credit constraithiat is, farmers are not
allowed to borrow from financial institutions, opial coverage now converges to
around 84.5%, higher than in the second strictasé.cA possible explanation is that
full liquidity constraint limits farmers' abilityot smooth consumption through lending
facilities. As a result, a farmer will choose highesurance coverage for risk
management. In other words, when there is no bangvavailable to smooth
consumption, farmers will resort to insurance fek management.

While no strictly negative relationship can be bhkshed between liquidity
constraint and insurance coverage, a clear linkbeafound between stricter liquidity
constraint, higher net wealth, and lower debt. e stricter liquidity constraint
scenario, farmers would borrow less money thanhe benchmark scenario, to

accumulate precautionary wealth and to attain copsion levels at a steady state.
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This result implies that when policy requires batkstrengthen liquidity constraint,
the volume of debt would fall dramatically, predanary wealth would be
accumulated much more, and the supply of depospitscéutionary saving) also
increase dramatically. These results might be tdrést to researchers working on
monetary transmission mechanisms.

Sensitivity analysis on insurance premium loadimg@lies that, when insurance
is expensive, only poor farmers would be willingkeep the same insurance coverage
and pay much more money to buy the more expenasgrance. Wealthier farmers
would prefer deposits with a financial institutimexpensive insurance for their risk
management portfolio, and thus reduce insuranceerage. However, insurance
premiums at the steady state are still higher thahe benchmark scenario in spite of
the fact that coverage is lower, probably becaeseashd for insurance is inelastic.

When insurance is subsidized, most farmers (withim main range of net
wealth) would choose to purchase higher insurameerage, and for very wealthy
farmers with net wealth in the range of $1800/aamd $2000/acre, they choose the
maximum allowable insurance coverage (90%). Thesslts may imply that
imposing higher premium loading, especially to ptasmers, would be beneficial to
insurance companies; subsidizing insurance by govent, on the other hand, may
not be very efficient in increasing farmers' wedfaas the increase in consumption
and precautionary wealth at the steady-state isestat best.

Simulation of risky market environments implies tthlae lower output price

would decrease both farmers' consumption level #mgr ability to smooth
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consumption through the decrease in permanent iacohese two effects in
combination reduces farmers' welfare. This resoiplies that the patterns of
consumption and insurance behavior indeed varysadtifferent environments. Thus,
different environments would call for different imance and financial services.
Particularly, in the scenario of riskier marketseqautionary saving and insurance
becomes more critical in farmers’ consumption stimgt and risk management
strategies, as these types of assets provide regkfisk management strategies to
protect farmers from sharp income loss.

Simulation of relative risk aversion shows thatr@asing relative risk aversion
levels would have the effect of increasing precmary wealth from 22.6 percent of
permanent income to 26.9 percent, which is accametl at the expense of current
consumption and debt. A decrease in debt and cqutsamin the early periods when
wealth level is low allows farmers to have more-efideason deposits each year and
thus have higher wealth in the subsequent permdetter protect from consumption
reduction.

Simulation on time-preference factor - impatiendadicates that in extremely
poor places where farmers are highly impatient,fémmers would keep a very low
level of precautionary wealth (22.6%), and the awmtionary savingEP) is even
lower (96.1% of precautionary wealth). Thus, fotremely poor people, innovative
safety nets are more critical in absorbing and isbathe risk of consumption
fluctuation. With regard to policy making implicatis, our results indicate that

impatient farmers have a higher tendency to inwesnhsurance for precautionary
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purposes. This result, along with the sensitivityalgsis on premium loading,
indicates that poorer and more impatient farmex& tehigher intention to invest in
insurance for precautionary purposes, even if tisarance is expensive, which may
be of interest to policymakers who want to helpexiely poor and impatient farmers
to manage their risk.

The simulated results for the increase in accopetiic interest rates shows
that farmers' decisions on consumption, insuraogedit, and precautionary wealth
appear to be very sensitive to the risk-free isterate. Our results indicate that
increasing the account-specific interest rate wilteris paribusinduce farmers to
reduce consumption and to hold a larger amountebfpnecautionary wealth, from
about three to four months' worth of permanent apital income. The relative
attractiveness of debts (to finance consumptioaurance, and production for the
whole year) is reduced. Since deposits have becoore attractive, farmers choose
to attain more protection by accumulating precaatiy savings. The insurance
component in the precautionary wealth portfoliolasver, implying that farmers
would prefer savings to insurance for precautionpuyposes when interest rates
increase.

These results imply that changes in interest raadsng with changes in
farmers' credit limits, would be very effective imonetary policy transmission. For
local financial institutions to attract depositsd&r reduce bad debt, they may
consider offering more attractive options. Our hsswsuggest that increasing

account-specific interest rates, or applying higABR to farmers who have higher
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probability of default may help local financial titations attract deposits and reduce
bad loans, and help farmers accumulate wealth atidate the impact of income
variation. This result has valuable empirical digaince for agricultural financial
institutions.

The changes in the dynamic paths for GRP and WDhlymts illustrate that
when there is remaining uninsurable risk (basik)riprecautionary wealth serves
another purpose in addition to consumption smogthimitigating the impact of basis
risk, which is an added element of farmers’ rislofie. Therefore, the desired
precautionary wealth increases, and the consumatitime steady state also increases.
In addition to the level effect on the precautignavealth, basis risk also has
composition effect on precautionary wealth portdplas the wealth is composed of
two parts, insurance and deposit. The presencas$ bisk makes it more attractive
to hold precautionary wealth as precautionary smvifdeposits, which are risk-free
assets) than as insurance (also for precautionapopes, but now a risky asset).

As for the impact of basis risk on consumption, fasmers increase
precautionary demand for saving, they decreasemugonsumption; moreover, the
marginal propensity to consume (MPC) for rich farsndecreases compared to the
benchmark case, while the MPC for poor farmers eases compared to the
benchmark scenario, which implies that in the preseof basis risk, poor farmers'
consumption is more influenced by transitory incomued rich farmers' consumption

depends even more on permanent income than in bemkitase.
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Simulations of the varied price and revenue insteashow that varied price
would reduce farmers’ value function and Certaltpivalent Consumption, and that
revenue insurance is a better risk management dowipared with MPCI in the
presence of price variation, as it leads to highedue function and higher CEC,
although still lower than in the benchmark caséauit price variation.

Simulation on crop types and rotation shows thatrtitation strategy leads to a
lower Coefficient of variation of Profit, and thdswer risk. Moreover, out results
indicate that under the parameter values assumega@h scenario, the rotation
strategy leads to highest level of precautionaraltheat the steady state. A higher
level of precautionary wealth at the steady statald/enable farmers to better avoid
sharp reduction in consumption when bad statesagreand thus to have higher
ability to smooth consumption in the future.

Sensitivity analysis helps predict the consequemteslternative government
interventions. This could have valuable policy irogtions for government agencies
(e.g., USDA's Risk Management Agency (RMA), Agriauhl Stabilization and
Conservation Service (ASCS)), policymakers, defaeiit financial institutions, and
insurance companies (Velandia al. 2009), who want to know farmers' demand for
consumption, credit, or insurance and in what tinaene. For example, our results
indicate that more impatient and poorer farmershaigher tendency to invest in
insurance for precautionary purpose, even if tleri@nce is expensive. Change in
interest rates, along with change in farmers' trédiits, would be effective in

monetary policy transmission. With basis risk, dediprecautionary wealth becomes
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larger and insurance holdings become lower. An emgss of how farmers adjust
their insurance and credit decisions with respedicuidity constraint and interest

rates would help policymakers adjust monetary polmd/or regulate banks in

making their lending/deposit taking decision. Andarstanding of what type of

farmers (rich or poor, low risk averse or high raslerse, patient or impatient, etc.) are
more inclined to buy agricultural insurance whensitexpensive and in what time

frame would assist insurance companies in screemmugattracting potential clients

(Velandia et al. 2009), and designing dynamic insurance productsatsfy their

changing needs.
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