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Abstract

Protection from downside risk is a determinant of technglogtake among subsistence agricultural households. Ac-
cess to credit, insurance and savings may stimulate tesaldoption where new methods are riskier but higher
yielding or require sunk costs. In this paper, we employ adyia, stochastic, heterogeneous agent model where farm
households have access to contingent credit and make satéegnology and loan repayment choices. Our approach
is novel as insurance is modeled as a meso-level productgwhe bank is indemnified before any payouts are dis-
tributed to borrowers; thus, it accounts for both supplyd demand-side concerns, showing a flow fiéets when
index insurance contracts are sold to risk aggregatorsfionnbasis risk is lower. Results show letting the lender lay
first claim on indemnities lowers default, which can dececiaserest rates and expand credit access. Insurance and
savings may also spur technology uptake.
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1. Introduction

An extensive risk-coping literature is omnipresent in depment economics research, with work focused around
the question of whether or not poor households can infognmainage risk in the absence of formal financial tools.
There has been evidence of informal risk sharing througiprecal lending within social networks, resulting in fairl
smooth household consumption profiles when controllingvfbage-level consumption patterns (Townsend, 1994;
Udry, 1990)! However, these risk sharing arrangements, whifective at managing idiosyncratic risk, may be
insuficient when a systemic shock simultaneously lowers the ircohall households in a region.

The failure of households to fully insure can result in sevepercussions. In this paper, we focus on the triideo
between uncertainty of income and higher returns to investrihat can cause poor agricultural households to remain
in persistent poverty. While interlinked index insuranceridy one policy option that has the potential to help these
households emerge from a dynamic poverty trap, we empldy aunechanism because it is a feasible option given
the stylized facts of agrarian economies in low-income taest risk-averse households using uninsured credit for
consumption rather than investment, credit constraimssting from systemic risk exposure, a lack of traditional
insurance due to high transactions costs, and informatamse that smoothes consumption fairly well in the face of
idiosyncratic shocks.

While the richness of the model presented provides the patdntconduct a number of policy analyses, the
motivation of this paper is to address questions that \fidrdnferences on the formulation of development policy that
aims to alleviate rural poverty and increase food secuxigmely, this paper will focus on three principal questions:

1. What types of credit and insurance schemes reduce theeimasdof default among rural borrowers, so that
financial institutions are able to continue lending, expl@mdiing, or lower interest rates on borrowing?
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2. Does the availability of insurance induce subsistenomifay households to adopt high-technology methods
that increase output and provide higher incomes on average?

3. Under what conditions does high-technology adoptionltés welfare gains relative to the employment of
traditional technology?

Similar to the findings of Janzen, Carter, and Ikegami (20%®)ere access to insurance reduces households’
vulnerability to a fall into poverty as well as increases likelihood of reaching a high-level equilibrium, we find
that, under certain conditions, households with accesaédinked credit-insurance contracts are more likelydog
high-technology farming practicésBecause the choice to adopt technology reflects an increaselfare for the
household should it choose to adopt (i.e., the househo#digevfunction is greater with technology than without),
this indicates that an environment in which insurance islavi® and bundled with credit may induce welfare gains
from technology adoption. Additionally, although techogy adoption is the highest where credit and insurance are
separately available to rural households as opposed tg b&gred as a bundled product, this policy is also the one
in which loan default rates are the highest. It is, therefongortant to approach the proceeding policy analysis in a
manner that can reconcile the seemingly divergent goalsgbf technology adoption and low rates of loan default.
Along these lines, results suggest that contingent creditracts — because they lower default even when households
adopt riskier but higher yielding farming practices — cacréase sustainability of credit markets by reaping pasitiv
rates of return for rural banks.

When farm households are also able to save, technology uisthgher for two reasons: (i) savings allows for
self-financing of the technology investment cost, whichsdoat include additional transactions costs (e.g., thedste
rate on a loan or the premium associated with an index insaraontract); and (ii) when farmers can save, they can
further smooth consumption from period to period — and withihe uncertainty associated with index insurance
coverage — so that higher but more volatile income does g tabe entirely consumed when consumption is
high and marginal returns to additional consumption are |®me caveat of the ability to save is that it confounds
the positive &ect of index insurance on credit markets; the ability to sagkices the household’s penalty for loan
default, and thus results in adverse credit marKeiots when insurance and loan contracts are not carefuligroses
In addition, we find that savings and credit are substitutbsit-not perfect substitutes. When saving is an option,
households with low levels of accumulated wealth still cd®to insure as well as save, both to finance technology
investment and to supplement consumption in years of l@efire realizations.

A notable diference in the approach in this paper is the way in which indigrmpayments are disbursed. Miranda
and Gonzalez-Vega (2011) find that mandatory, unsubsidimik insurance for individual farmers can diminish a
bank’s internal rate of return; this is due to the perver$ects of premium burdens that disincentivize borrowers
from repaying loans. However, they do not consider tfiects of contingent credit or credit-linked insurance. For
the purposes of this paper, contingent credit refers to a tbat is coupled with an index insurance contract that
covers the value of the loan upon maturity (principal plusriest), the premium for which is deducted from the loan
value before it is disbursed. In the contingent credit sgtthe bank is the insured agent, although it passes on the
insurance costs to the borrower through a higher interéstaia credit; the bank receives any indemnities from the
index insurance contract, which allows it to forgive delhtliorrowers when adverse weather conditions occur. We
also briefly examine what we call credit-linked insurancéjoh is similar to contingent credit but increases index
insurance coverage to the entire portion of a borrower'saltjural income that is determined by systemic factors,
not solely the value of the loan. Under this setting, the bhaadses on indemnities net of a borrower’s debt to the
borrower. Thus, technology adoption among farm househislespected to be greater under the latter contract type.

Due to the contract design of contingent credit, the flow ofeimnity payments prevents one type of strategic
default that can occur if indemnities are paid directly tdiidual farmers. We also run a model where, similar to
the contingent credit model, insurance is mandatory fos¢heho wish to borrow, but where the initial claimant
is the borrower himself and not the lending institution. TWweference” scenarios — one of credit only and one of
non-interlinked credit and insurance markets — providéhfrrsources of comparison. This paper thus contributes to
the existing literature by laying out a dynamic model thabirporates the benefits of a meso-level index insurance

2This is the case in the baseline model, which includes a loadsumance and thus makes it actuarially unfavorable to theréd; actuarially
fair insurance further increases technology adoptiortivel#o a scenario in which no insurance is available.
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product, but does so with a greater emphasis on demandigéerations.

The rest of the paper is organized as follows: Section 2 gesva review of the recent literature on index in-
surance and agricultural risk; Section 3 introduces a sgmtative agent model under scenarios th&fedin the
interaction between credit and insurance markets and tieoflinsurance indemnity payments, as discussed above,
and subsequently extends the representative agent maoaélet@rogeneous agent model; Section 4 presents the nu-
merical results of simulations of the heterogeneous agexteirunder base parameter assumptions, examining farm
household behavior in both the absence and presence ofrgsamarket; Section 5iers a sensitivity analysis of the
results, particularly with respect to risk aversion, irwe coverage, and premium loads; Section 6 concludes.

2. Poverty, Risk and the Role of Insurancein Technology Adoption

2.1. Informal Risk-Coping Mechanisms Versus Formal Inscea

In the absence of access tffaadable insurance, rural households in developing cam@itempt to protect
themselves from risk using informal, non-market mechaasisitany empirical studies have found evidence of non-
market risk sharing within low-income communities (Ligofhomas, and Worrall, 2002; Foster and Rosenzweig,
2001; Coate and Ravallion, 1993). However, most of thisstskring applies only to idiosyncratic risk, and generally
provides very limited protection against systematic skatich as droughts and floods (Sawada, 2007).

Informal risk-coping mechanisms employed by agricultiraliseholds come at the sacrifice of profitability, a
tradedt that is clearly explained by classical portfolio theory @dg, 1952). Risk presents an impediment to the
adoption of more profitable agricultural production preesi in developing countries, such as the adoption of testili
and high-yield seed, accumulation of herds, or expansidaraf size (Clarke and Dercon, 2009; Mude et al., 2009;
Cai et al., 2009). Poor households often make safer, lovtarrénvestments, and may even vary consumption to
stay above a dynamic asset threshold (Zimmerman and C20@3; Carter and Lybbert, 2012; Lybbert and McPeak,
2012). As such, farmers in developing countries on averagiertower incomes than would be possible if they had
access to formal insurance to protect their income and imesgs.

The availability of formal insurance may induce poor, rdmaliseholds to make productive investments they would
not have made had they had access only to informal risk-gapiechanisms. In one of the few empirical studies to
date on index insurance and investment, Karlan et al. (26ad)that insurance availability leads to significantly
larger agricultural investment, as well as riskier proéhrcthoices; thus, the authors conclude that, for their $amp
of Ghanaian farmers, uninsured risk is a relatively moredrtgnt determinant of low technology adoption compared
to capital constraints faced by households. Using data ftatawi to calibrate and estimate a stochastic, dynamic
optimization model, de Nicola (2012) finds that weather iasge increases long-term consumption, as well as in-
duces households to adopt riskier but higher yielding ltybeied varietals; however, if only a single, low-technology
farming option is available, insurance is foundéducetotal input investments, as it weakens farmers’ precaatipn
motives to overinvest. Other studies corroborate that uninsured risk accountddticiencies in technology uptake
and indficient production choices among low-income householdsq@eand Christiaensen, 2011). More impor-
tantly, the trade-fi between profit variability and average returns is large, thedoss of éiciency associated with
informal risk-coping strategies is higher among low-in@households (Rosenzweig and Binswanger, 1993); the
existence of uninsured weather risk thus results in inet@&scome inequality. Additionally, formal insurance may
further encourage farm investment when it is paired witreasdo other types of finance (Carter, Cheng, and Sarris,
2011).

While farm households may not be able to make fuliyceent resource allocations in the absence of complete
risk markets, they have practical means to partially miggask. Other determinants of technology adoption can
serve an insurance purpose even where there are no formiatéor risk management. Where consumption credit
is available to agrarian households, for example, it caa takthe role of an insurance contract and hence influence
risk behavior and production decisions (e.g., technokdgitnovation and investment levels) of farmers (Eswaran

SChantarat et al. (2013), for example, examine demand-driveignlef livestock index insurance, but market the produchandividual level.
While they look at implications for the risk exposure of theures, implications for credit performance of insured borroserre not explored.

4t is important to note that de Nicola (2012) assumes actiafait insurance premiums, zero basis risk, and farmers wherebsa realization
of idiosyncratic risk before making an insurance purchasésam.



and Kotwal, 1989). This is often the case with informal credrangements, where repayment structure may be
conditional upon production and consumption shocks fagetidih the borrower and the lendeseg e.g., Udry
(1990)).

2.2. Index Insurance

Almost twenty years ago, Gautam, Hazell, and Alderman (1984ied risk-coping strategies in India and found
that there exists major latent demand for formal insuramoduyrts, as households cannot spread rigdcévely at
the local level when féected by a systemic shock. The authors were among the firaggest the use of a rainfall
index-based insurance product as a means to reduce casimisig from moral hazard. Their novel approach of
charging the same premium and making the same indemnitypolayholders within a given proximity to the same
weather station is the very methodology still being use@ydd many agricultural insurance pilots.

Index insurance products pay out when the realized value ahderlying index either exceeds (e.g., in the case
of flood insurance) or falls below (e.g., for drought insw@na given threshold. The index must be exogenous to
the policyholder but should also be significantly corredatgth the policyholder’s actual losses (Barnett, Barratig
Skees, 2008). That a policyholder cannfieet the realization of the index is the feature of index-tasentracts
that does away with moral hazard; because actual lossest@relemnified, households are incentivized to minimize
farm losses — even when they are weather-related.

In addition, index-based products are unique in that, entiiaditional agricultural insurance, all buyers of a
particular policy in a given year face the same degree of ridk the payouts are completely determined by an
independent index — not by actual farm outcomes, which magfthenced by an individual’s risk behavior or skill in
agricultural management — insurers do not face the samégonstwith adverse selection that plague policies whose
indemnities are basedtoof actual losses. These characteristics of index insurano&acts lower the risk load
on charged premiums, as well as reduce monitoring coststmturer. Transactions costs associated with claims
verification are also eliminated, which can further redueapums faced by farm households.

While index insurance can be optimally designed in theoryrditila, 1991), successfully implementing index-
based programs has proved mordilt. There have been considerable demand-side complisiti pilot programs
offering voluntary contracts to individuals, even where prens are heavily subsidizedgeMosley (2009) for an
outline of a World Bank pilot in Ethiopia; Cai et al. (2009) fan analysis of a sow insurance pilot in China). Upfront
premium payments may be problematic for liquidity-conisted households (Gine et al., 2010); as such, competing
anteuses for funds (e.qg., for fertilizer or inputs) may prevemiseholds from purchasing insurance, even if they have
a high willingness to pay for the product. In a pilot programtthiopia, for example, farmers with lower marginal
returns for inputs (i.e., those who already use a relatibéih amount of fertilizer) are found to be more likely to
adopt index insurance than those with higher returns at tgim (i.e., those who use relatively less fertilizer and
could greater improve yields with additional applicatioimcreased demand for insurance is only highly responsive
to the random allocation of price discount vouchers (MahtdBarris, and Papadopoulos, 2013). Other explanations
for low index insurance uptake include unfamiliarity witlpeoduct or insurer as well as the presence of basis risk.

Mandatory credit-insurance bundling has been proposedentie premium payment is implicit, reflected in
higher interest rates on loans. However, such policies may results that seem counterintuitive. For example, in a
randomized controlled trial (RCT) in Malawi, farmers’ demafor credit is found to decrease when loans are bundled
with a rainfall insurance contract, even though there issm®rable risk of income loss due to drought (Gine and
Yang, 2009% In an RCT dfering indemnified loans to Ghanaian farmers, no significafiérénce is found in loan
uptake among treatment and control groups, although farmehe treatment group are found to shift production to
a more perishable crop (Karlan et al., 2011).

Even with well designed contracts and an informed clienepe$ering farm-level index insurance contracts may
be infeasible due to idiosyncratic risk faced by househalsch increases basis risk inherent in index insurance
coverage. In many cases, the appropriate market for wegitiex insurance may not be individual households but
instead local-level risk aggregators — such as MFls, fashwmoperatives, input suppliers, and, in some cases, local

5Gine and Yang (2009) explain the lower demand for weatheziad loans as a result of a culture of default in the study; ahesimplicit
limited liability property of the loan contracts allows foefdult with little penalty, and thus borrowers are not wifjito pay for formal risk
reduction when they previously enjoyed similar benefits aadditional cost.
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and national governments — who indirectly face weather disk to their interdependence with farmers exposed to
such risk, and also face less basis risk than would an ing@irmer (Barnett and Mahul, 2007; Miranda and Farrin,
2012).

2.3. Spillover iects: Insurance and Credit Markets

The establishment of a formal insurance market can intevébt other segments of financial markets, namely
the credit market. If an MFI's portfolio is made up of ruralrbmvers who are insured against catastrophic risk in
particular under an index insurance contract, the MFI is lé®ly to become insolvent due to systematic default
(Barnett, Barrett, and Skees, 2008). Thus, access to imdexance may also expand the population of impoverished
households that has access to credit, especially in agnautegions. While uninsured borrowers are left vulnezabl
to catastrophic shocks and may choose not to borrow at alresudt (Armendariz and Morduch, 2005), if insured,
households can borrow bo#x postfor consumption smoothing arek antefor productive activities knowing that
they are less likely to default and face severe penaltieddonrg so.

While the ability to obtain index insurance may increase it@xtess, there is additional concern for the possible
negative spillover #ects that might arise from insuring the poor. Although indesurance may eliminate moral
hazard in insurance markets, it may increase moral hazaothgr markets if the policy is not carefully designed.
Insurance can “crowd out” credit markets by implicitly rethg the severity of punishment when households default
on loans (Clarke and Dercon, 2009). Index insurancefliegtively increasing the minimum welfare level a household
can achieve should it default, reduces incentives for neygeny and, in turn, results in lenders having to cut back on
the amount of credit they can profitablyfer to clients. It is noteworthy that the converse may alsorbe: tindex
insurance could reduce moral hazard in credit markets uspkeial circumstances. In Morocco, for example, the
country’s public agricultural bank has a policy of forgigifarm loans following drought; if weather insurance were
made available, borrower repayment discipline may inaeasdrought would be less likely to influence the ability
to repay (Skees et al., 2001).

2.4. Savings and Insurance

Just as insurance and credit decisions are interlinkedrad aconomies, the same may be true of households’
savings decisions. While much of the poor remain unbankedi¢AHeimann, and Mylenko (2011) estimate that 64
percent of adults in developing countries are excluded financial markets), the option to save — whether formally
or informally — can have a significant impact on farm risk ngaraent strategies.

Rural households who can save in good years to increaseroptisn in the face of negative production shocks
may be able to self-insure. For example, using regionafathidata matched to household-level farm income data,
Paxson (1992) finds that Thai rice farmers have a large marghopensity to save out of transitory income; such
savings are used to smooth consumption despite incomebildyialn a thorough review of how low-income house-
holds save, Rosenzweig (2001) reports significant condgampmoothing across years — even in response to large
income fluctuations — as well as a crowding out of informalinasice mechanisms where formal financial institutions
exist; findings, however, also suggest that the lack of cetepghsurance and credit markets, in combination with
low and volatile incomes, manifests in ffieient asset stocks and compositions among farmers, as svelteased
inequality.

Farmer-owned, government-monitored savings accounts lbeen proposed as an alternative to crop insurance,
where the former could serve a risk management purpose ahilieling dificulties in premium rating associated
with the latter (Colson, Ramirez, and Fu, 2014). Howeverhgarograms have been recommended for cost savings in
a U.S. setting, where the banking system is strong and fesig¢naidies for crop insurance are high. Little empirical
research exists to examine the role of savings as a subdtittinsurance in developing countrigs.

Finally, earlier work by the authors suggests that indexiiasce may be a mezzanine product for farmers in
low-income countries. While extremely low-income houselalre found to be too poor to finance upfront premium
payments, households with enough wealth will use savings sisbstitute for insurance; it is the middle-income

6Jutting (2000), for example, discusses thédlilties of implementing formal social security programs in imweme countries where agricul-
ture is the dominant source of income; Dercon (2002) showsptlitalic safety nets are likely to help poor rural householdsage risk, although
their impact can be limited and may create negative extereslitir those not covered.
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households, who have some accumulated savings but mayleamaegh to protect them from a catastrophic income
shock, who benefit from the existence of a formal insuranodyst (Miranda and Farrin, 2012).

3. TheMod€

3.1. The Representative Agent Model

In this model, we consider an infinitely lived, represen&tgricultural household that may borrow a loan of a
fixed quantity,L, in any given period. That the loan size is set reflects atgitnan which credit is d&fered for a
specific investment (e.g., the loan amount is chosen to bhenmigh for an inputs package). Note that a borrowing
household need not use the funds for their intended purpusenay instead spend the loan on own consumpgtion.
If the household chooses to take out a loan, it may be the basé must also purchase an index insurance contract
that is linked to the loan; if so, the premium is deducted ftomborrowed amount before the loan is disbursed. This
contract can cover only the value of the loan or, in the adtve, the entire expected value of the crop; implications
of the type of loan-coupled insurance coverage will be dised subsequently. The household may later choose to
default on its loan, but faces a punishment if it does so. dflthusehold is not required to purchase insurance as a
condition of the loan, it may also be able to separately msehinsurance — whether or not it decides to take out a
loan. Finally, the household may also save a portion of itennme for future consumption (or, in the alternative, it
may draw on any past savings to increase current consumption

Four scenarios are considered: two “reference” scenafi@serinsurance and credit are not interlinked, and two
scenarios in which a household’s decision to take up a loaders mandatory the purchase of an associated index
insurance contract. Specifically, the model scenarios are:

e No Insurance: Only credit is available; neither the houshnor the bank have access to index insurance.

e Optional Insurance: All farmers have access to index imagand their decisions to borrow godpurchase
insurance are independent.

e Mandatory Insurance: Borrowers are required to purchageximsurance coverage equal to value of the loan
principal plus interest as a condition of acquiring a loan.

e Contingent Credit: Borrowers ardfered contingent credit contracts in which they are not meguio repay
their loan if an indexed event occurs. The bank purchaseiimburance coverage equal to the value of the
loan plus interest and passes the premium costs to the beriowhe form of a higher interest rate. Under both
mandatory insurance and contingent credit regimes, holdemay purchase insurance if and only if they opt
to take out a loaf.

Utility of the household is derived from earnings from farmoguction, which are stochastic. Farm production
occurs through one of two channels: a traditional farmirgptelogy that requires no additional cost but results in
lower average income, or a high-yield technology (e.gtilizer adoption) that carries an upfront cost and results
in more variable income due to the sensitivity of the techgplto weather risk. Households begin each period
with the knowledge of their current credit, debt and disjptsavealth (current income and insurance payments plus
accumulated savings) states, and make four discrete chmiamaximize the expected, discounted present value of
lifetime utility of wealth:

1. To default on or repay an outstanding loan;
2. To take out a loan for the current period or go without being;
3. To purchase insurance coverage in the current periothéouppcoming crop season; and

"Note, however, that this study did not consider a farmer'®opb choose his production technology.

8Seg e.g., Kotir and Obeng-Odoom (2009), where Ghanaian halgelare found to divert a significant proportion of microdgréaians to
household consumption.

9This condition has practical significance, as it is oftendhge that MFIs are chosen as distributors of agricultugairance contracts, and thus
tend dfer the product to their existing client-borrowers.



4. To adopt a high-yield or traditional farm technology.

The household makes an additional, continuous choice of mawh of its current income it saves; this decision
includes the option to dissave, i.e., draw from its previpascumulated savings to increase current consumption.
For the household’s dynamic optimization problem, theestariables are thus:

e A credit statei, equal to 1 if the household is creditworthy in the curreniqak(i.e., it has never defaulted
or has exogenously re-entered the credit market after adefatilt) and O if the household is currently credit
unworthy.

e A debt statej, equal to 1 if the household currently holds debt (i.e., # ba outstanding loan and has chosen
to repay), and 0 if the household has no loan, decides to ldedainas its debt canceled by the triggering of a
contingent credit contract.

e A disposable wealth statev > 0, composed of current, technology-contingent agricaltumcome, any insur-
ance payments the household receives, and past savings.

We now introduce a parameter,as a tool in the numerical approach to model transitiontians for the debt and
wealth states for dierent types of bundled credit and insurance. Because thbundled credit-insurance scenarios
vary only in the entity (borrower or lender) that serves a&dttiitial claimant of the index insurance indemnity, we gse
to characterize both settings using a single equationin§ett= 0 reflects mandatory insurance, where the indemnity
is paid first to the borrower. Under this regime, any indegnpityments factor into a household’s disposable wealth, as
the household that takes out an insured loan is not requirezby said loan to receive the benefits of the insurance.
On the other handp = 1 embodies contingent credit, where the lender first resedrgy indemnities. From the
household’s perspective, the contingent credit contractiofs into the debt state byfectively canceling out loan
repayment requirements (i.eGhanges from 1 to 0 for a contingent credit borrower) in theeask weather state.

Transitions for the debt state, which is stochastic duestdépendence on the systemic portion of income that is
indemnified by the index insurance contract, follow the rule

f=i@-¢2

whereZ’is a systemic component of income ajid= {0, 1} reflects a household’s decision to borrow or not in the
current period (where a loan is attached to an index inseraontract). Now, we definb(?) as the indemnity
schedule on the index insurance contract (recalling thdeinnsurance contracts do not cover idiosyncratic income
shocks). The indemnity schedule does not vary by technotbgyce, as the insurance-linked loan is intended for
the purposes of technology adoption regardless of how tlisdimld actually chooses to use it. Specifically, we
designate the parametgas the portion of debt that is covered by the index insurann&act, so thal(?) = Z. As a
simplification we letztake on one of two values, so that™1 indicates a period in which the household experiences
a systemic shock (e.g., a drought) and 0 is indicative of normal systemic conditions. Thus, fot 1, a household
with an outstanding loan would have its debt erased in a dioggar ¢'= 1) and would otherwise be responsible for
full repayment of the loan should it choose not to defalt.

To characterize disposable wealth, definas stochastic income from predetermined technolodyr | = 0,1,
where income is decomposed as:

Vi =%(1-p2e

Technologyl is equal to 1 if the household adopts high-technology fagnaind O if it employs traditional farming.
Expected income under normal conditiongjis To reiterate zTepresents a systemic shock (e.g., rainfall), which is
indexable but can dierentially dfect income depending on the household’s choice of techgyolblge parametes
corresponds to the portion of income lost due to systemtofacand reflects the insurability of technoldgirough
an index-based contract (the larger fiethe greater is the proportion of income explained by theéesyie factor

1070 streamline the numerical analysis, we make the assumption thd, so that, at minimum, a household’s full loan debt is coverethby
index insurance contract. This allows for the treatment efdébt state as a discrete variable.
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measured by the index, and thus the more value the insuramteact provides the household). On the other hand,
the more variable the mean-one, idiosyncratic rigkthe less attractive the insurance contract is to its holéow

B combined with a highly variablg {i.e., losses due to weather are small, whereas risks netet\by the contract
are relatively large) indicates that there is a substaati@unt of basis risk faced by the household if it chooses to
take out a loan linked to an index insurance contract.

Let o denote the volatility of the idiosyncratic income factor fechnologyl. Finally, we assume, &, andé;
are mutually serially independent and identically distténl over time, angh (1 — 81p) > Yo(1 — Bop) > 0. The latter
assumption translates to expected income from the higimt#agy option being greater than that of the traditional
option, where both income types are strictly posifive.

We specify stochastic income as a combination of idiosytitcaad systemic components, where the idiosyncratic
shock, g, is multiplicative. This reflects the notion that, in a googhy, household-level shocks can positively or
negatively #fect average income. For example, a household mi@grdoom an illness of one of its working members
or experience a farm equipment malfunction that would asblgratect its earnings; it may also be the case that the
household’s farm plots experience better rainfall in agiseason than what is average for the area, and as a result its
yields are higher and income is positiveljected. However, these types of idiosyncratic shocks canexdacerbate
or ameliorate an income shortfall in a bad season.

Similar to the case of the debt state transitions, wheth@oothe wealth state is endogenously determined by
indemnity payments depends on the scenario under which tlielnoperates. State transitions for wealth, which is
also stochastic, are characterized by the function:

W=A+rgdw+S)+% +(n-0j)A+r)LK'Z

wheres' € [-w, Y] is the household’s chosen level of savings for the curreniog, r is the risk-free interest rate
on savings, and, is the interest rate on the loan. We denbtes the household’s discrete choice to take out an
insurance contract, where this decision may be restricggtidohousehold’s loan choice depending on the prevailing
credit-insurance regime. Because savings is generatlyrirdl in low-income countries, we assume= 0 in the base
model (note that setting the rate on savings to be negatiyesen be more representative of developing economies).

We use an example to clarify how the wealth transition wotks.j’ = k' = 1 andg = 0, so that the household has
an outstanding loan with mandatory insurance, where thedtmid first receives the indemnity and thus may decide
whether or not to use any such indemnities toward its delayment. The term withy in parentheses reflects the
possibility of net payments from index insurance above tilaevof the loan. Thus, an insured, borrowing household
will receive the proportiom of its debt obligation as an indemnity if poor weather coiodis prevail; this indemnity
increases its disposable wealth, but, if the householdeisritial claimant of the insurance policy, does not dirgctl
affect the debt state.

The action variables are, therefore, the credit, debtrarste, technology and savings choidés , k', I' ands’
that will partially determine the endogenous state vaeisl the following period.

Additional model parameters are:

1. p = the probability of drought, so that a farm household expeés normal crop conditions with probability
1-p).

2. P =insurance premium (where insurance is coupled with a loan).
Specifically, the coupled loan-insurance contract is atsdl at a premium of
P=(1+86)npL

whered is the premium load. Thug = O reflects the case of actuarially fair insuranées 0 reflects actu-
arially unfavorable insurance (which is common in practitgrivate markets, as insurers must account for

L1For the numerical simulation, we use Gaussian quadraturestoetize the idiosyncratic shocks, 8o that they take on a finite number of
values that correspond to a lognormal, mean-one, continpdigttibuted error term. In the results presented here, \eevdbr 5 idiosyncratic
shock values for each technology.



transactions and ambiguity costs in order to break evem)pan[—1, 0) reflects subsidized insurance, where
a negative premium load is usually associated with goventimen or donor-sponsored insurance projects —
especially those in the pilot pha¥e.

3. K =technology investment cost.

In the case of a non-durable technology purchase (e.gliffer}, there is only a cost related with input purchase;
this cost is independent of the previous period’s technoldwice as the investment is completely reversible
and depreciates after one crop season. If the goal of a lgipdaject is to induce technological adoption among
smallholders, it may be the case that the lenderlsetK, so that the borrowing household does not face lig-
uidity constraints if it wishes to invest in the high-tectogy farming option.

4. v = cost parameter that captures the stigma of default whensehold is or becomes credit unworthy.

Note thaty is an additional penalty, as a defaulting household is afeble to borrow freely in the future as
would one that is credit worthy. One way to consider the stigrarameter is as a social cost of default, where
households who have reneged on formal insurance-creditaais may be less likely to receive informal loans
from extended family or community members.

5. u = exogenous probability of reinstatement into creditwaréisis, conditional on a household’s current credit
state, wherg; € (0,1] fori =0, 1.

Because a household that is creditworthy will remain sd itnthooses to defauliy; = 1 andug = u, where

a higheru indicates a lesser punishment for default. This would bects®, for example, where lenders are
unable to detect when clients have previously defaultedaadack of a well functioning credit rating agency
or even the ability to identify an individual. Lét = 1 — .

6. 6 € (0, 1] = the farm household’s time discount factor.

The farm household’s dynamic optimization problem can n@velkpressed in the form of a single Bellman
equation whose value function represents the maximum éggresent value of lifetime utility;; (w), given the
household’s creditworthinesis debt,j, and disposable wealttv, at the beginning of the period. To summarize, under
mandatory insurance, indemnities are made directly to dtetver and any insurance payments factor into the state
variable for wealth, as they become part of the householdjgodable income. Under contingent credit, indemnities
contribute to the debt state variable and serve to reducanioeint a non-defaulting household must repay on its loan.
Again, under the case of contingent credit, the insureddwaer cannot, after realizing a systemic shock, take the
money and run.

Recalling the state transition functions jandw, the household’s Bellman equation takes the form:

Vij (W) = MaXse[-wy;ir.jr k.ref01);jr<iv<iU(C) — (1 — ") + 6Bz [, Vo (W) + pi Vy5(W)]
where
C=w-s —i'j(1+r)L+jL —KP —IK

The constraint oifi restricts a household from borrowing if it has defaultedha past or is currently choosing
to default. Once a household has defaulted, it cannot tatkenaio regain its status of creditworthiness; instead,
only the exogenous probabilify; dictates a credit unworthy household’s ability to re-erker credit market. We
leave the stigma penalty, outside of the period utility function; the concept of ¢gtia” often has a hon-pecuniary
connotation, and thus we do not wish to restrict the penaltyetin dollar terms, as it would be interpreted had we
included it within the household’s utility function.

The following additional constraints will ferentiate credit-insurance regimes within the model:

12n the absence of subsidies, value® ¢dss than 0.5 are rare; values on the order of 1.0 are common.
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No Insurancek’ = 0, ¢ = 0;

Optional Insurancep = 0;

Mandatory Insurance’ = k', ¢ = 0; and

Contingent Creditj’ = k', ¢ = 1.

Let the farm household’s utility function be twice contirusty differentiable, strictly increasing and strictly con-
cave, with utility increasing in wealth arlan._,ou’(c) = oo. For the numerical analysis in the subsequent section,
we assume period utility is isoelastic, taking the farfo) = ¢ /(1 — «), so that farm households display constant
relative risk aversion.

3.2. The Heterogeneous Agent Model

To simulate a village economy, we expand the model to allovnéberogeneous agents. While agents do ritgdi
in preferences, they do experience distinct historiesioSithcratic shocks over time. These diverse historieserea
a distribution of wealth within the economy; we exploit thetérogeneity in wealth, as agents whdei in initial
wealth and shocks will make fierent savings, borrowing and technology choices. Thusrapeesentative agent
model can be straightforwardly transitioned to a heteregars agent model through Monte Carlo simulation. With
such a model, we can simulate ergodic distributions of keynemic variables at the village level. When calibrated
to fit the conditions of an economy of interest, the model eeglly useful in comparing welfardfects of various
development policies.

3.3. Finding a Numerical Solution

With the continuous choice of savings and the discrete esaf repayment, borrowing, insurance and technology
a household can make, the household’s decision processecaieled as a maximization over conditional value
functions. Specifically, a household can choose from a fmitaber of (possibly constrained) choice sets over binary
decisions,{Credit Repayment, Loan, Insurance, High Technojodyor each of the choice sets, the household will
choose the level of savings;; j - that optimizes its value function. The final household deniset will be that
associated with the conditional value function with theheist value.

To computationally solve the farm household’s conditiddallman equations, we use collocation to numerically
approximate the value function by using a series of knowistfaactions whose unknown cfiiients are estimated
using a series of rootfinding routines, one for each chosele @ which the Bellman is required to be satisfied
(Miranda and Fackler, 2002). This method reduces a probleimfinite dimension to a finite one, where residuals
can be calculated to analyze the goodness of fit of the appedian.

4, Results

4.1. Insurance and Credit Market Depth

One of the main questions posed in this research is whethaotandex insurance can successfully deepen the
credit market, either through lowering interest rates orrdwing or extending credit access to regions that had
previously been unbanked due to an overwhelming amounts&ffaced by banks with portfolios dominated by
agricultural borrowers.

To assess theffect of insurance on the rural credit market, we numericallyesthe Bellman equation under
each of the four scenarios using the base parameterizadoying the interest rate on credit from O to 100 percent
across simulations. Using the no insurance regime as ait@sele solve for the optimal interest rate, i.e., the one
that maximizes lender profits. Holding that level of profitefl as a target profit, we then calculate the interest rate
necessary to achieve the target profit in the three remastdagarios.

Results show that target profit levels can be achieved uwnsarlinterest rates in the contingent credit regime,
where credit and insurance are bundled and the lender igitied claimant on insurance indemnities. For example,
under base parameterization, the maximum achievable bafik pnder no insurance and no savings is earned with
an interest rate of just over 10 percent; the prevailing-@gerates for the same profit level are just over 4 percent for
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contingent credit and about 6 percent for optional insueahd¢.ower interest rates spur borrowing as well, with loan
uptake at above 45 percent for contingent credit; the bangwate decreases to less than 25 when no insurance is
available. Figure 1 plots bank profits by interest rate ferfthur scenarios.

The implications of these results are important when camid bank sustainability. If a bank requires a certain
level of profits to cover its administrative and risk-begraosts, it may choose not to operate in areas or under regimes
where only low (or negative) profits can be realized. In suchase, agricultural households would lose access to credit
altogether, and would likely resort to more extreme infdrrisk-smoothing mechanisms at the cost of higher income
opportunities.

4.2. Results Under Base Parameterization - No Savings

We first examine the model results under a restricted seittimghich no savings is allowed. For each of the
four scenarios, we use Monte Carlo methods to run @00 simulations and calculate five long-run averages that
characterize the relevant economy:

1. Rate of Loan Uptake;
2. Rate of Insurance Uptake;
3. Rate of High Technology Adoption;

13The interest rate for the mandatory insurance scenariodfdia to achieve the target profit level under no insuranaesageita profits are less
than 0.1 at maximum, whereas the target per capita profit is sjppately 0.25.
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Table 1: Definition of Base Parameters of the Model
Parameter Value Definition

@ 2.00 Codicient of Relative Risk Aversion

L 0.12 Loan Size

re 0.20 Interest Rate on Loans (Fixed Rate Scenario)
rs 0.00 Interest Rate on Savings

y 0.00 Stigma of Default

Ho 0.02  Probability of Regaining Creditworthinegs; 0
K 0.12  Cost of High-Technology Farming

Yo 1.00 Expected Normal Income, Low Tech

Vi 1.30 Expected Normal Income, High Tech

Bo 0.40 % Income Shortfall in Drought, Low Tech

B1 0.65 % Income Shortfall in Drought, High Tech
oxs 0.10 Idiosyncratic Income Volatility, Low Tech

o1 0.10 Idiosyncratic Volatility, High Tech

rs 0.00 Interest Rate on Savings

p 0.20 Probability of Drought

n 1.00 Percent of Loan Insured

0 0.50 Insurance Loading Factor

1) 0.90 Time Discount Rate

Smax 3.00 Maximum Savings (Whesa 0)

4. Rate of Default (in Drought and Normal Conditions); and
5. Rural Bank Profits.

A list of the base parameter values can be found in Table 1thi®analysis, note that we fix the interest rate on loans
to 20 percent. Such an exercise provides valuable infoomatbout how rates of default and technology adoption
vary if a bank were to charge the same interest rate on bangounder various credit-insurance regimes (this would
be expected without the bank having further knowledge ofdvegr behavior under fferent financial environments).
When interest rates are allowed to vary to meet target preétdeon the other hand, default rates are similar and close
to zero due to the nature of the target-profit-finding prodss&hich the interest rate is derived. Figure 2 illustrates
how default rates vary by interest rate under the four séenar

Results (presented in Table 2) indicate that, as expectfduldl is the lowest under contingent credit, where
insurance is available if and only if a household takes owiaa,| and where any resulting indemnities are first paid
to the bank. A noteworthy comparison is to be made betweesmuttefates under optional and no insurance cases.
Default rates are identical during drought years and higheormal years with optional insurance, despite the fact
that households have access to — and choose to purchasgantesuThis seems to indicate that financial products
that are not interlinked may not be complementary and supgbe literature of negative spilloveffects. With
mandatory insurance, drought default rates are higherligncontingent credit, which corroborates the notion of
perverse incentives when fewer punishments exist for dtefau

We ofer two observations as to why default is lower under manglatmurance compared to both optional and
no insurance: (i) compared to households that can only actedit, the availability of insurance protects subsisten
households against downside risk, diminishing the prditalif an extremely low realization of disposable income;
and (ii) the linkage between the credit and insurance cotstraot only results in a household being barred from taking
out credit should it default (as is the case where credit asdrance are separately available), but also prohibits a
credit-unworthy household from being insured. Thus, whemmal conditions prevail, mandatory credit households
tend to repay their loans even when they do not receive imd@xance indemnities, so as to have the future possibility
of being indemified when income is low. Wéer an explanation as to why normal condition default is higtmeong
contingent credit households than mandatory insurancedimlds: the higher rate of technology adoption among
contingent credit households leaves them with higher ireim good years, which makes default more attractive —
especially if the household has experienced a negativeyidaratic shock and does not have its loan forgiven; recall
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Table 2: Simulated Long-Run Averages of Key Economy IndicatBase Parameterization — No Savings

Variables No Insurance Optional Insurance Mandatory bnsce  Contingent Credit
Have Loan 5.7 4.0 12.4 14.3
Have Insurance 0.0 79.2 12.4 14.3
High Tech 18.9 74.6 13.9 25.5
Default — Drought 100 100 99.7 0.0
Default — Normal 23.0 56.7 0.3 16.0

Per Capita Bank Profits -0.2 -0.3 -0.1 0.1

that under contingent credit, households can only choodeftwlt in normal years whep> 1.

Rates of borrowing do not fier greatly moving from mandatory insurance to contingeedlity although there is
a divergence in loan uptake when comparing the cases ofiiked credit-insurance contracts with optional and no
insurance. The higher propensity to borrow under reginfkesing bundled products indicates that it is the insurance
— not the credit — that is of relative value to the households Tinding is especially visible when looking at results for
optional insurance: while fewer than 5 percent of househofat to borrow, almost four out of five choose to insure.

A principal motivation of this paper is to examine whethemeot insured households are more likely to adopt
technology. The answer to this questioffelis depending on the type of insuranéered, although in certain settings
we do see increased technology adoption with insuranceefieless, more investigation is required to examine the
motivations for subsistence households’ choice of farmewhnology. High-technology use is the most prevalent
under optional insurance; this is, however, in part due ¢oathility to default on a loan with very little punishment.
Along similar lines, households under mandatory insuramedess likely to adopt technology than their counterparts
under contingent credit, as the former class of househaldslefault with indemnity payments in their pockets while
the latter are incentivized to adopt high technology to tb@benefits of their investment in good times.

It is also important to note that, for tractability, certainances of a rural village economy are hard to capture
in this dynamic model. In the model, households know the es@acture of the index insurance contract and the
distribution of income under each technology choice; themsk, but no uncertainty. Empirical observations often
include mistrust of insurers, confusion about the insuggmoducts themselves, and a lack of agricultural extension
and education that would result in closer-to-optimal ressistbm new technology. The rate of technology uptake we
present in these results, therefore, should be seen as anhgymnd.

4.3. How do Baseline Results Change with Savings?

We now incorporate the option to save into the model to amah@v this additional risk management strategy
affects borrowing, insurance, and technology uptake. Ourdsigfinding is that savings, while it spurs technology
uptake more so than index insurance, creates pervéfiesetin the credit market. The ability to accumulate risk-
free savings allows households to self-finance the teclygotvestment, which lowers loan uptake considerably; the
few households who do take out loans default, the exceptamgbfor contingent credit in a drought year (where
default is not possible). Because there is little demancdcfedit when savings is an option, insurance uptake is
similarly low in the bundled insurance-credit regimesehestingly, insurance uptake remains high under the agition
insurance scenario, with over 90 percent of householdssthgdo purchase an index insurance contract. Lender
profits are negative across the board, which indicates tiealitcmarkets would not be sustainable in this type of
savings environment.

Because of the divergence in technology uptake rates irethdts with savings and what is seen in observational
studies in agrarian low-income economies, it is unlikelgttiuch frictionless savings exists in these environments.
We briefly examine the éierence in results when we allow for the depreciation of ggvbver time. Such a parame-
terization suggests either losses from inflation or fronrigies involved with informal savings (e.qg., theft, obliigats
to give money to kinship group members who fall on bad timeghysical losses if savings is kept in kind). Table
3 presents results with both frictionless and negativernstsavings# In this analysis, we calculate two additional

14n Table 3, we present savings wealth and savings multipkelb for greater resolution. Wealth is current agricultimeome plus previously
accumulated savings, as well as any indemnity payments a haldsafght receive in the current period from an insurance remtiit purchased
in the previous period. Savings is the average quantity adtmld chooses to save out of its income in every period.
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Table 3: Simulated Long-Run Averages of Key Economy IndicatBase Parameterization — Savings

Variables No Insurance Optional Insurance Mandatory basce Contingent Credit
Have Loan 2.9 2.9 3.3 3.6
Have Insurance 0.0 90.1 3.3 3.6
High Tech 83.8 85.1 83.9 83.9
Default — Drought 100 100 99.9 0.0
Default — Normal 100 100 804 100
Per Capita Bank Profits -0.3 -0.3 -0.3 -0.3
Per Capita Wealth 146.3 136.5 145.3 146.1
Per Capita Savings 37.7 25.0 36.7 37.1
Negative Returns to Savingss(= —0.25)

Have Loan 5.7 3.0 12.1 14.6
Have Insurance 0.0 79.6 12.1 14.6
High Tech 51.1 74.6 51.8 52.9
Default — Drought 100 100 99.7 0.0
Default — Normal 23.0 89.9 0.1 15.6
Per Capita Bank Profits -0.2 -0.3 -0.1 0.1
Per Capita Wealth 107.0 111.6 107.8 107.3
Per Capita Savings 6.6 3.0 7.0 6.5

long-run economy averages, per capita wealth and per csgitags.

When savings is available but subject to depreciation, tealt®change to look more like the case where no
savings is available. The change is positive in terms ofitradrket performance, while high technology adoption
is lower — but still much higher than the case in which insagrbut no savings, is available. Households hold a
moderate amount of savings and choose to insure, espeaiadigr optional insurance. Bundled credit-insurance
households, similar to no insurance households, seem tgsawegs more to smooth consumption, although the
former are more likely to take out loans; fewer bundled drediurance households choose to insure and adopt high
technology relative to optional insurance households.

The model results with savings bring to light a key finding fimancial and risk market policy in developing
countries. First, informal savings without depreciatior axtremely negative for credit markets, but positive for
technology adoption. Second, savings that depreciate tloegatively impact the credit market relative to a no-
insurance case, but technology adoption is lower relatvihe frictionless savings case. Thus, policymakers may
want to look into options to link credit, savings, and insw; this way, savings can be formalized to reduce default,
and may not depreciate as much as they would in an informigefA good example of such an arrangement, which
we reserve for future analysis, is commitment savirsg® for example, Brune et al. (2011)).

5. Sensitivity Analysis

5.1. Hfects of Risk Aversion and Coverage Type on Technology Axtopti

Rural households that practice subsistence agricult@reisik averse, and often extremely so. There are means
of eliciting risk preferences through survey questioremirand risk aversion measures have been estimated in the
development literatur€. Binswanger (1980) was one of the first to use experiments sure pure risk aversion
using actual rather than hypothetical payments in lottesabsequent studies have used similar methods to asdess ri
at the household level. In a related work, Binswanger ardrSi{1983) find only a “narrow band” of risk preferences

15Gandelman and Hernandez-Murillo (2014) estimate relatileaversion coicients for 55 developing countries, with point estimategjiam
from 0.13 to 302; using experimental evidence from Ethiopia, Yesuf andiBlane (2007) find that risk aversion in low-income countres i
increasing in games involving losses and in a household’'srtigncy ratio, and decreasing in wealth, past success, laethe head of the
household is male.
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Table 4: Sensitivity Analysis — Rate of Technology Adoptiorder Two Insurance Schemes (No Savimgss 0.20)
No Insurance Optional Insurance Mandatory Insurance @gatit Credit

High Risk Aversion ¢ = 2) 18.9 74.6 13.9 25.5
Contingent Credit{ = 1)

High Risk Aversion & = 2) 18.9 74.8 16.1 71.8
Credit-Linked Insurancej(= 2)

Low Risk Aversion ¢ = 0.75) 79.3 80.9 79.5 79.6
Contingent Crediti{ = 1)

Low Risk Aversion { = 0.75) 79.3 94.1 79.5 79.7

Credit-Linked Insurancej(= 2)

among pastoralists acrosgfdrent agroclimatic environments, cultural norms and aliedlving standards in low-
income countries, where most households are found to be natetie risk averse; however, because experiments
are played with gains only and with relatively small amouritsnoney — and households’ risk aversion is found to
increase with the paybscale — the authors caution that experimental results disetidlower bound for risk aversion
estimates. Thus, to the extent that measures of risk amevaiy due to structural or cultural factors — or are subject
to error — it is important to study policy implications of imance programs underftérent assumptions on the level
of risk aversion among households.

In our baseline scenario, we seledb make the household highly risk averse, as such a paraeaien supports
the stylized facts of subsistence agrarian economies. Wetlva codficient of relative risk aversion in a household’s
period utility function to examine how behavior might charghould households be less risk averse. We find that the
more risk averse a household — and in the absence of savihgsgrdater the impact of the availability of insurance
on technology adoption. However, this impact declines agptiemium load on insurance increases. In addition, the
magnitude of the fects of insurance on technology adoption — especially wimelex insurance is independent of
credit — tends to fluctuate depending on the type of insuraoeerage fiered.

As an alternative to insurance that only covers the valudefldan, we also simulate a case in which a larger
portion of the farm household’s income is insured. In the arioal analysis, this is done by choosing> 1.1
Holding all other parameters at their base levels and witkawings, relative to a case in which only credit is available
a more risk averse household is slightly more likely to adbpthigh-yield technology if only the loan is insured
with contingent credit, but much more likely to adopt undghler coverage levelS. Also interesting is the credit
market dfect for contingent credit contracts under higher coveragel$; because higher interest coverafers
more protection from downside risk, loan and insurance kgpiacreases to almost 90 percent and normal weather
default drops close to zero, drastically increasing peitagpofits for the bank.

Under low risk aversion (and similar to the case of high rigkraion and riskless savings), technology adoption
is high, but default rates are higher and banks realize ivegaitofits with very little loan uptake. Technology uptake
is not particularly sensitive to the level of insurance aage if households are relatively less risk averse, althoug
higher coverage reaps higher technology adoption und@ratnsurance.

5.2. Premium Load andffect of Subsidized Insurance

One consequence of incomplete financial markets in devedopbuntries is that, although credit is available,
rural households may be hesitant to take out a loan if theywétteout means to manage downside risk; because
they risk default with uninsured credit, they simply refrfiom borrowing altogether. The findings of this analysis
offer supporting evidence of this hypothesis, as loan takeatgs rare higher for bundled contracts. This holds under
actuarially fair premium loads and in the baseline caseratie load is 0.5. Table 5 provides a comparison of results
under actuarially fair and subsidized insurance settings.

When the insurance premium is fair or subsidizéd<( 0), not only is insurance uptake higher for bundled
contracts, but loan uptake increases and default ratesaier Oddly enough, technology adoption with insurance

18For the numerical sensitivity analysis, under otherwise lp@sameterization, we uge= 2 (seeTable 4).
17Results are similar in a case that allows savings, but wheiegshave a negative rate of return.
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Table 5: Sensitivity Analysis — Actuarially Fair and Subzati Insurance (No Savings, = 0.20)
No Insurance Optional Insurance Mandatory Insurance @gatit Credit

Fair Insuranceq = 0)

Have Loan 5.7 4.0 20.2 54.7
Have Insurance 0.0 87.2 20.2 54.7
High Tech 18.9 74.6 21.8 74.2
Default — Drought 100 100 56.1 0.0
Default — Normal 23.0 56.8 0.0 0.0
Per Capita Bank Profits -0.2 -0.3 0.2 1.3
Subsidized Insurancé & -0.5)

Have Loan 5.7 7.3 76.3 76.3
Have Insurance 0.0 100 76.3 76.3
High Tech 18.9 74.0 74.0 74.0
Default — Drought 100 100 0.0 0.0
Default — Normal 23.0 15.1 0.0 0.0
Per Capita Bank Profits -0.2 -0.2 1.8 1.8

- while it remains high under subsidized insurance cordradcs largely at its peak when premiums are actuarially
fair; as premium loads increase above zero, technologytmaogeclines. Contingent credit contracts see no real
increase in technology uptake moving from fair to subsidizesurance, while technology adoption is higher under
fair optional insurance. With very inexpensive insurarnhese with optional insurance do not have to take out a loan
to make a technology investment, but are still reimbursediigh technology investment costs should they choose
to insure on a technology that they did not adopt; the cha@idagure — whether or not technology is adopted — is a
no-brainer.

Overall, however, technology adoption under subsidizaddted insurance is higher than under no insurance. For
mandatory insurance, default decreases with an insurarsidy, likely due to the relative increase in importance
of staying credit worthy to be able to access discountedadsierage. The same is true for contingent credit, where
default in normal years decreases to zero under both faisalpsidized insurance.

Yet another policy implication arises in terms of the leviesobsidy. Comparing actuarially fair and highly sub-
sidized insurance, households under contingent credibtdifier much in terms of default and technology adoption
rates. If a policy goal is technology adoption among ruraalmolders, this might indicate that external funds may
only be needed to subsidize positive premium loads, as holdsindicate a willingness to pay for - and to adopt
technology under - actuarially fair insurance when it isdled with credit.

6. Conclusion and Implications

Through the use of numerical simulation techniques, we @mpolicy options regarding access to credit, in-
surance and savings for subsistence farmers in a developingry setting. Results have implications for both the
supply and demand sides of credit and insurance marketslbasfor the role of insurance in technology uptake.

When households are required to purchase insurance in ardeké out a loan, the designation of an initial
claimant of indemnities paid is highly significant. Holdiimgerest rates constant across regimes, drought deféest ra
are higher under mandatory insurance where householdeefieste the indemnity; this results in a riskier portfolio o
borrowers for the lending institution. In the alternatiwdien the bank first receives indemnities, so that the insgran
contract serves as a contingent credit contract for theotaam, default rates are relatively lower. In the former ¢ase
indemnity payments contribute to a household’s disposabkkth, making default and autarky (until exogenous re-
entry into the credit market) more attractive. In the lattehousehold that has an outstanding loan is disincentivize
from reneging on the loan contract: in good years, incomégis Bnough that a risk-averse household would derive
utility from consumption smoothing through the purchaséstirance, for which creditworthiness is a requirement;
in bad years where the loan is fully covered by the indemtiity,choice to default becomes trivial, as a borrowing
household has its debt erased per the terms of the continggtit contract.
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While simulations show that technology uptake is greatedeun regime in which both credit and insurance are
offered independently to a farm household, default rates acethé highest under such conditions, holding interest
rates constant. In addition, technology uptake does titgrdjreatly among bundled schemes, regardless of to whom
the index insurance indemnities initially flow. In contrashder a given interest rate, default rates are signifigantl
lower where insurance is a mandatory condition of loan uptakd where the bank is the initial claimant in the
insurance contract.

If interest rates are allowed to vary so as to equate the bamkfit level across regimes, the interest rate under
the contingent credit scenarios is lower than that undertmordled credit and insurance; however, compared to a
no-insurance setting, bank profits using optimal interae#s may be lower if credit and insurance are independent,
or if the household is the initial claimant of a bundled ctedsurance contract. Thus, an important result of the
presence of contingent credit markets is an expansion dbtta credit market due to an increase in borrowing that
stems from lower interest rates; lower interest rates a@tbduct of lower default rates, as households are indijrect
indemnified against weather-related income losses.

When farm households are also able to save, this additiskatranagement option changes the decision-making
process for credit, insurance and technology. The pres#raceavings mechanism reduces the rate of borrowing, but
increases delinquency among those who still choose towaven though they may save. Fewer households with
savings choose to insure, even when insurance coverage enayrthased separately and without the obligation of
also taking out a loan. Households who can save are also rketg o adopt high-technology farming practices,
which has implications for the long-term earning potertfdow-income farm households. When savings depreciate
over time, credit market results are similar to that of a agiggs environment, but technology uptake is higher. When
insurance coverage exceeds the loan value, both insuradd¢eahnology uptake drastically increase under contingen
credit. Credit market performance also improves.

Taken together, credit, insurance and savings play anradtegle in farm risk management. The more risk
management options a household has in its portfolio, theerfikely it is to adopt technology that will increase
its income and consumption in the long term. The role of inteaxrance — especially when it is built into a loan
as a contingent credit product — is one of facilitating drediilability and &ordability in rural areas, as well as
of serving as a substitute for savings for poorer househshtts do not have enough accumulated wealth to fully
protect themselves from a catastrophic income shock. igsdiegarding the interaction between credit, insurance
and savings leave room for future work — particularly witegect to how to formally bundle savings with credit and
insurance to increase technology uptake and reduce default
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