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Abstract

In this paper, we study savings-and-credit contracts (SCC) that mandate a savings
period with a default penalty before providing credit. We demonstrate that SCCs mit-
igate adverse selection and can outperform traditional loan contracts amid informa-
tion frictions, thereby expanding access to credit. Empirical evidence from a financial
product incorporating an SCC design supports our theory. While appearing riskier on
observables, we observe lower realized default rates for product participants than for
bank borrowers. Further consistent with the theory, a reform that reduces the default
penalty during the savings period induces worse selection and higher realized default
rates.
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1 Introduction

In this paper, we explore a financial product, Savings-and-Credit Contracts (SCCs), that
serves millions of households around the world to gain access to credit in the presence of
severe information frictions. SCCs are a contractual arrangement that combine a mandatory
savings period during which individuals make an initial deposit with a credit period in which
individuals receive credit conditional on making the initial deposit during the savings period
and a second down payment. If individuals make the initial deposit but withdraw before
making the down payment on the loan, they forfeit a fraction of the accumulated savings, the
withdrawal penalty. Prominent examples of SCC-type contracts include Rotating Savings
and Credit Associations (RoSCAs) in developing countries or contracts linking mortgages to

a mandatory savings period in developed countries (e.g., German “Bausparen”).

Although widely used in practice, many of the economic mechanisms that make SCCs
successful and widely used in practice remain theoretically underdeveloped. This paper at-
tempts to fill this void in the literature by providing a theoretical and empirical investigation
of SCCs. In the first part of the paper, we develop a formal model of SCCs under private
information and demonstrate that SCC design plays an important role as a screening device
that incorporates not only retrospective information potentially available through formal in-
formation systems (e.g., credit scores) but also private information only known to borrowers,

such as expected liquidity shocks.

In the model, borrowers commit to making two down payments before receiving credit. If
borrowers make the first down payment, but fail to make the second down payment, they are
repaid the initial down payment minus a penalty. If borrowers make both down payments,
they receive credit to buy the asset, and, if the credit is repaid, the borrowers get to enjoy
the value of the asset permanently. Otherwise, the asset is seized by the lender. There are
two types of borrowers whose types are not verifiable. Good (low risk) borrowers are less
likely to experience income shocks during both the savings and credit period compared with
bad (high risk) borrowers. Thus, good types are more likely to be able to make both down
payments and to repay credit. This persistence in types is necessary for screening to be

informative.

With a standard loan contract, pricing is based on the expected credit risk of all borrow-
ers, which may lead to adverse selection and lower credit supply under information asym-

metry (Akerlof, 1970). We show that the SCC design allows the lender to better separate



between good and bad borrowers. While lenders can also screen borrowers using variation
in down payments in standard spot loans (e.g., Milde and Riley (1988), Adams, Einav, and
Levin (2009), and Einav, Jenkins, and Levin (2012)), in the presence of liquidity constraints,
the SCC design is a more efficient separating device. Intuitively, for bad borrowers, commit-
ting to the savings period adds additional exposure to default risk, which is costly due to
the associated penalty. Put differently, with a standard loan contract, agents save on their
own and can walk away if they are hit with a bad income shock before making the down
payment. With a mandatory savings period they have to commit some funds earlier, part
of which they forego if the income shock hits before the second down payment. While this
applies to good and bad types, the expected cost of committing to the savings period is lower

for the good type, since they are less likely to default.

The property that allows for screening and separation with both types of contracts is
that the single-crossing property holds. That is, the marginal rate of substitution between
savings and loan payments (for SCCs) or between down payments and loan payments (for
spot loans) is increasing in borrower quality. However, the increase in the marginal rate of
substitution is stronger for signaling with costly savings than with a single down payment.

This makes SCCs a more effective way to screen borrowers than spot loans.

We characterize the competitive equilibrium when only spot loans are available and when
SCCs are offered as well. Offering SCCs increases credit supply compared with a credit
market with only spot loan contracts, in particular when borrowers face higher real interest
rates or have a higher discount rate, and when there is more unobservable information as
measured by the spread between good and bad types. Finally, credit supply increases more
with SCC contracts when the default penalty during the savings period is higher, since it
facilitates signaling for the good type by making it costlier for the bad type to mimic the
behavior of the good type by committing to the savings period.

SCCs also dynamically screen borrowers further improving credit outcomes. Low-type
borrowers—who face a higher probability of early withdrawal—are more likely to exit before
reaching the credit stage. This selection process filters our riskier borrowers, raising the
average quality of borrowers over time. Unlike standard loans, SCCs can benefit from low-
type borrowers by extracting funds from them when they withdraw during the savings period
and a fraction of their accumulated savings is not returned. This implies a novel U-shaped
profit structure on borrower types under which lenders may find it optimal not to screen out

low types ex-ante.



We explore the consequences of behavioral agents—borrowers who underestimate their
own liquidity risk and mistakenly choose SCC contracts. These agents are more likely to
withdraw early, generating penalty revenues for lenders. In a competitive market, these ex-
cess profits are competed away, resulting in zero expected profits for lenders. However, this
dynamic leads to a welfare gain for high-type borrowers, who are effectively cross-subsidized
by the behavioral types. Thus, the presence of behavioral agents enhances the attractive-
ness and welfare implications of SCCs for strategic high-type borrowers. Interestingly, the
dynamics observed in SCC markets resemble those in life insurance markets. Gottlieb and
Smetters (2021) show that behavioral agents are widespread in the life insurance sector,
where policy lapses are common and lapsers effectively cross-subsidize those who maintain

coverage.

Finally, we analyze moral hazard in SCCs by studying borrower effort choice during the
saving and credit phases. We find that borrowers exert strictly greater effort to avoid default
after receiving the loan than to avoid early withdrawal during the saving phase. This asym-
metry arises from two key forces. First, default during the credit phase carries significant
reputation costs—such as a damaged credit record or exclusion from future borrowing—
which are absent in the saving phase. In contrast, early withdrawal allows partial recovery
of deposits, making it less costly and reducing the incentive to exert effort upfront. Second,
the required down payment upon receiving the loan heightens the borrower’s financial stake,
further incentivizing repayment. Together, these forces help explain why default rates during

the credit period tend to be lower than withdrawal rates during the savings period in SCCs.

In the second part of the paper, we provide empirical support for the predictions of the
model using data on consorcio participants and bank borrowers in Brazil that seek financing
to buy a car. Consorcios provide credit to finance durable goods and apply an SCC design.
They are used by almost 10m participants in a given year. Every month, participants in
a consorcio group make identical contributions, which are then allocated to a subset of
participants as credit designated for purchase of an asset. All participants continue their
contributions until everybody has been awarded credit. If an individual defaults before
obtaining credit (i.e., during the savings period), their savings are returned after discounting
a significant penalty. If an individual defaults after obtaining credit, the asset is seized by
the group’s administrator. When individuals sign up for a group there is no active screening.
Anybody with a social security number can sign up. Enforcement operates through physical

rather than social collateral. Participants share no social ties and do not live in geographic



proximity.

We start our empirical analysis by comparing observable characteristics of bank borrowers
and consorcio participants. Our model suggests that SCCs achieve positive selection based
on unobservables. Thus, conditional on controlling for observable characteristics, we should
observe lower realized default rates for consorcios than for bank loans. First, we show that on
observables consorcio participants appear riskier than bank borrowers. Specifically, consorcio
participants are 15 percentage points less likely to be formally employed, 1.7 percentage
points more likely to currently be in default on a bank loan, 1.3 percentage points more
likely to have defaulted on a bank loan in the last 5 years, and their simulated credit score
is 12.4 percent worse. However, conditional on controlling for contract- and borrower-level
observable characteristics, we observe an about 5 percentage point lower realized default rate
on credit allocated to consorcio participants compared with standard bank loans. Together,
this suggests that consorcios extract relatively safer borrowers conditional on observables.
This is consistent with the positive selection and screening effects of mandating a costly

savings period predicted by the model.

Since consorcios differ from bank loans in other ways, we sharpen the interpretation of the
analysis by exploiting a regulatory reform in 2009 that changed the default cost associated
with the penalty. Prior to the reform, participants who default during the savings period
were returned their savings minus a penalty at the ultimate dissolution of the group. After
the reform, participants who default during the savings period are returned their savings
minus a penalty when their number is drawn in a lottery. Thus, after the reform, savings are
returned after a (about 50 percent) shorter waiting period compared with before the reform.
In our model, lowering the expected penalty during the savings period weakens SCCs’ ability

to separate borrowers and leads to more adverse selection.

Comparing bank and consorcio borrowers around the reform, we find that observable
characteristics of consorcio participants relatively worsen compared with bank borrowers.
In addition, realized default rates significantly increase for consorcio participants relative to
bank borrowers after the reform. This suggests that the penalty plays an important role in
improving selection into the SCC, as suggested by the model. It is important to highlight
that higher realized default rates after providing credit to consorcio participants also rule
out moral hazard as the explanation for the effects around the reform. Even if borrowers are
more likely to default during the savings period after the reform because default is less costly,

we should not see higher default rates after credit is allocated, since there is no variation in



moral hazard incentives after receiving credit as a result of the reform.

Finally, we document that withdrawal rates during the savings period are higher than
default rates during the credit period for consorcios, consistent with the prediction of the
model that moral hazard drops once individuals make the second down payment after which
no payments are returned upon default and a default flag is added to their credit report.
In addition, we observe that withdrawal rates and default rates on credit are highest at the
beginning of a consorcio but decline over time as lower type borrowers are more likely to
exit earlier due to liquidity shocks they experience, consistent with the dynamic screening

feature of SCCs described in our model.

The idea of linking regular savings to assessing credit risk, as in the SCC design, is
widely implemented around the world.! For example, the widely available Credit Builder
Loans (CBLs) in the U.S. require individuals to commit to regular monthly deposit payments
that are reported to credit bureaus as installment loans. Consistent with our model, Burke
et al. (2022) find that CBLs exhibit positive selection. While CBLs do not directly offer
credit as in a SCC, successfully completing a CBL improves an individual’s access to future
credit by improving their credit score. This suggests that the ability to make regular monthly
payments provides important information about individuals’ creditworthiness,? as reflected
in the high weight on regular on-time payments in credit scoring algorithms. The benefit
of the SCC design is that it can directly link access to credit with a savings period and
a monetary penalty rather than the indirect channel through a credit registry, which is
important in settings without sophisticated credit scoring systems and limited information
sharing. Another prominent example relates to mortgage contracts in developed world.
Germany’s Bausparen requires 3-7 years of savings before accessing favorable mortgage rates
(Scholten, 2000). Similar features are incorporated in France’s Plan Epargne Logement,
Austria’s Bausparvertrag, Switzerland’s Pillar 3a pension-linked mortgage arrangements,
and Japan’s Flat 35 program. These mirror traditional Building and Loan Associations in

the US and UK, where members contributed regularly before qualifying for home loans.

In developing countries, the same principles of demonstrated financial responsibility apply

in rotating savings and credit associations (RoSCAs), which resemble many features of an

"While we do not explore the role of SCC design as a commitment device to saving, in principle, it may
help individuals who struggle to commit to saving in the absence of strong incentives (Laibson, 1997; Karlan,
Ratan, and Zinman, 2014; Ericson and Laibson, 2019).

2Similarly, cash flow information can be used by lenders to assess borrowers’ creditworthiness (Cao,
Garcia-Appendini, and Huylebroek, 2024).



SCC.3 Defaulting before winning the “pot” in RoSCAs, which is akin to defaulting during
the savings period in an SCC, involves substantial costs. Typically, a defaulted individual
cannot win the pot in future allocations, and foregoes all prior payments. The insights
from our analysis suggest that the expected cost of default during the savings period could
help explain why RoSCAs attract low-risk individuals (Levenson and Besley, 1996) and can

charge lower interest rates (Kapoor et al., 2011), similar to what we document for consorcios.

The insights from this paper contribute to several strands of literature. The key insight
of Spence (1973) is that when agents have different marginal costs of signaling, they can
be induced to take actions that reveal their type in equilibrium. However, when Adams,
Einav, and Levin (2009) empirically study subprime auto lending in the U.S., they find
little variation in down payments, even though subprime borrowers should exhibit large
heterogeneity in unobservables. One possible explanation for the lack of screening with spot
loans documented in Adams, Einav, and Levin (2009) could be that spot loans are a weak
mechanism to separate borrowers. To achieve a significant reduction in the interest rate, the
borrower has to make a very large down payment, which may not be feasible due to liquidity
constraints or too costly even for good-quality borrowers. In contrast, an SCC design may
improve screening by generating a higher wedge in the marginal rates of substitution between

early deposits and loan payments for good and bad borrowers.

Many studies on household finance focus on private information about the cost of default,
such as credit score effects and social stigma (e.g., Brueckner (2000), Gupta and Hansman
(2022)), or on asymmetric information about collateral values (Stroebel, 2016). In addition,
the literature explores how lenders can utilize collateral pledging to screen borrowers’ private
information (Bester (1985), Stiglitz and Weiss (1981), Besanko and Thakor (1987), Chan and
Thakor (1987)), by offering a menu of loans with higher or lower collateral pledging linked
to lower or higher interest rates. Focusing on private information about the distribution of
borrowers’ future income, our paper extends the use of down payments or loan size as the
relevant sorting device for household financing studied in Milde and Riley (1988), Adams,
Einav, and Levin (2009), and Einav, Jenkins, and Levin (2012).

Our paper also relates to the literature examining RoSCAs. Different from consorcios,

RoSCAs rely on social rather than physical capital for enforcement (Besley, Coate, and

3Similar products exist under different names in a wide range of countries with some variation in their
design (e.g., Tanda in Mexico, Stokvel in South Africa, Ajo in Nigeria, Gamiya in Egypt). Zambrano et al.
(2023) provide an excellent recent review.



Loury, 1993). As a result, the literature on RoSCAs primarily focuses on the role of social
capital in improving screening and enforcement (e.g., Banerjee, Besley, and Guinnane, 1994;
Besley and Coate, 1995; Ghatak and Guinnane, 1999; Morduch, 1999; Anderson, Baland,
and Moene, 2009), including cases in which RoSCAs are organized through third-party in-
termediation (Klonner and Rai, 2007; El-Gamal et al., 2014). In contrast, we highlight the
positive selection effect of having a default penalty before obtaining credit in a combined
savings-and-credit contract. An important limitation for RoSCAs is their narrower scope,
since they rely on social capital in tight-knit local communities. By relying on physical
collateral, consorcios allow for vastly greater scale. The downside is that enforcement in
consorcios requires physical collateral and its efficient seizure and liquidation, which makes
it unsuitable in contexts where financing is required for non-durable assets and consumption

goods or where seizing collateral is difficult.

Recent developments in fintech have significantly increased lenders’ ability to access new
types of information to reduce information frictions and expand access to credit (Berg et al.,
2019; Berg, Fuster, and Puri, 2022; Fuster et al., 2022). In addition, services such as pay-
as-you-go (PAYgo) have become a popular technology in low-income countries that allows
the lender to suspend the flow benefits of collateral remotely in case of missed payments
(Gertler, Green, and Wolfram, 2024). This can improve enforcement of contracts and facili-
tate the spread of innovation in contract design that relies on physical collateral to enforce
contracts. Thus, technological innovation and innovation in contract design, such as SCCs,
are not mutually exclusive approaches to resolve frictions in credit markets, but can be com-
plimentary to expand access to credit and increase borrower welfare. Innovation in contract
design provides additional advantages. Unlike backward-looking measures, such as credit
scores, which are based on historical data, borrowers’ private information is forward-looking
and may account for structural changes ignored by predictive models. Incorporating this
information can also help avoid perpetuating inequalities by allowing borrowers with low or
no credit scores to gain access to credit at fair prices based on their positive, forward-looking

private information.

As we show in the model, screening through SCCs is most valuable when borrowers face
higher real interest rates, when they have a higher discount rate or when there is more
unobservable information. This is likely to apply to financial markets in mid-income and
developing countries or to low-income households without formal income or credit history

more generally. An active debate in the literature seeks to understand how to improve credit



allocation in such environments, and to expand access to finance while also maximizing
returns to credit (Karlan and Zinman, 2011; Attanasio et al., 2015; Augsburg et al., 2015;
Banerjee et al., 2015; Crepon et al., 2015; Tarozzi, Desai, and Johnson, 2015; Banerjee et al.,
2021; Meager, 2019, 2022; Gertler, Green, and Wolfram, 2024; Bari et al., 2024). While
we focus on the screening features of SCCs in this paper, van Doornik et al. (2024a,b) and
van Doornik, Schoenherr, and Skrastins (2025) provide evidence that recipients of credit
in consorcios also generate improvements in life outcomes such as expanded labor market
access, reduced mortality, and higher fertility. This suggests that SCC design can succeed

at allocating credit to individuals with high returns.

2 Theory

We develop a parsimonious framework to study the properties of Savings-and-Credit Con-
tracts (SCCs) in a credit market with asymmetric information. In our setting, lenders are
uninformed about borrowers’ default risk, while borrowers know their own type. The model
takes the form of a screening game in which the uninformed party (the lender) moves first by
offering a menu of contracts designed to induce self-selection. This contrasts with signaling

models, where the informed party initiates the interaction.?

We show that SCCs allow lenders to more effectively screen for default risk than tradi-
tional loan contracts using down payments, resulting in less adverse selection. After present-
ing the institutional environment, we characterize the main equilibrium outcomes and welfare
implications of SCCs under asymmetric information. We conclude the section by extending

the model to explore additional features and theoretical predictions of the contract.

2.1 The Model

The main model unfolds over three periods ¢t = 0, ¢t = 1, and ¢t = 2. Agents (borrowers) seek
to purchase an asset and require credit financing. Financing is provided by a competitive
credit market composed of risk-neutral lenders. For simplicity, we normalize the lender’s

interest rate to zero (r = 0), implying no intertemporal discounting. Agents are risk-neutral

4Classic examples of screening models include Rothschild and Stiglitz (1976) and Riley (1979), while
seminal signaling models include Spence (1973); and in the finance literature, Leland and Pyle (1977) and
John and Williams (1985).



but more impatient than lenders. Their preferences are represented by a discount factor
B =1/(1+6), where 6 > 0. They choose consumption plans {¢;}7_, to maximize expected

utility, £ [Zf:o Btct] , where ¢; denotes consumption in period ¢.

Because agents are more impatient than lenders (0 > r), they prefer to front-load con-
sumption. This makes borrowing attractive and saving costly (see Deaton (1992)). Never-
theless, agents face borrowing constraints, except when credit is obtained through secured

lending arrangements.

This section examines two types of secured loan contracts: a standard secured loan and
a Savings-and-Credit Contract (SCC). Figure 1 illustrates the SCC timeline. In a standard
secured loan, the borrower provides a down payment and receives the loan immediately. In
contrast, an SCC requires the borrower to save over two periods before receiving the loan.
At t = 0, the borrower signs a contract for a future loan, contingent on making deposits
at t = 0 and t = 1. If no liquidity shock occurs and both deposits are made, the loan is
disbursed at t = 1 and the asset is acquired. If a liquidity shock prevents the second deposit,
the initial deposit is refunded, net of a penalty for early withdrawal. The borrower repays
the loan at t = 2.

Agents are endowed with wealth wy > 0 in period ¢t = 0, and receive an income stream
y; in periods ¢ = 1 and 2. The asset provides utility value v to the borrower in period t = 2,
but must be purchased for cost I in period t = 1, with v > I. To incentivize the borrower to
repay the loan during period ¢ = 2, lenders can seize the collateralized asset if they do not
receive the loan payment. The value of the collateral to the lender is worth ¥ < I, a fraction

of the asset’s cost.

Agents face liquidity constraints that prevent them from borrowing in period ¢ = 0. Their
initial wealth wy is insufficient to meet the minimum down payment required at that time.
In period t = 1, however, agents receive income g7, which enables them to satisfy the down
payment required by lenders and obtain credit. We assume wqg+1y, < I, so that the borrower

cannot purchase the asset outright and must rely on external financing.

Defaults arise when borrowers face liquidity shocks that prevent repayment (Aydin (2024)).
These shocks are privately observed and not fully reflected in credit scores or observable bor-
rower characteristics. A key model assumption is that agents’ private information regarding
liquidity shocks during the saving period positively correlates with liquidity shocks during
the credit period.



Formally, lenders observe a measure of a borrower’s credit risk —the agent’s credit score
0, quantifying the likelihood of not suffering liquidity shocks. The credit score can be in the
continuum interval 6 € [0, 1], with § > 0. A borrower with credit score # faces a probability
1 — 0 of withdrawing early due to a liquidity shock during the saving phase (¢ = 1). Con-
ditional on continuing, they face the same probability 1 — 8 of defaulting during repayment

(t = 2). Thus, better credit scores reflect lower risk of shocks in both phases.

Agents can be of two private “types” —the simpler case that allows us to obtain the main
insights from the adverse selection model. A borrower with credit score # can either be of high
type (or good, safe type) 6, (6) = 6 or a low type (or bad, risky type) 6, (0) =60 (1 — ®(0)),
with higher likelihood of suffering liquidity shocks. The degree of information asymmetry is
® (0) € (0,1). Agents privately learn their type at the beginning of period ¢ = 0. We assume
the population consists of a fraction p of high-type agents and a fraction 1 — p of low-type

agents.

We assume that the information asymmetry measure ¢ (6) regarding a borrower’s risk
increases as the credit score decreases, with derivative ®'(0) < 0. Whenever it is clear
from the context, for notational convenience, we suppress the dependency on the observable

credit score 6, and refer to the types as 6, or 8, and the degree of information asymmetry
as ® = (9h — 91) /Hh

Agents can finance the asset purchase with a savings-and-credit or a loan contract:

Savings-and-Credit Contracts (SCC): Under an SCC contract, the borrower agrees
to make a stream of payments (s,d,p) to the lender. Specifically, the borrower makes an
additional initial deposit s in period t = 0, the saving period, and agrees to make a further
down payment d in period t = 1 to receive a secured loan I. If the borrower fails to make the
second down payment, they forfeit a fraction 7 < 1 of the deposit s and does not receive the
loan. The secured loan, as specified above, is such that the agent keeps the asset conditional
on making the payment p in period ¢t = 2, or if the payment is not made, the lender seizes
the asset. We denote such an SCC by x = (s,d, p), and let C be the set of all such contracts.

Loan Contracts (SLC): Under the standard loan contract, the borrower makes down
payment d at time ¢ = 1, and the lender provides I — d to purchase the asset. Agents
promise to pay p in the next period, in which case they enjoy the value of the asset v, or if
the payment is not made, the lender seizes the asset, in which case the borrower gets 0 and

the lenders get the collateral worth ¥. We denote a loan contract as x = (d, p) and let £ be
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the set of all such loan contracts.

Value Functions The time-0 expected utility of contract x = (s,d,p) to a type 6 agent
is Uy (x) given by,

Us (s,d,p) := 08 (0B (v—p)—d)+ (1 =0)5(1—7)s—s. (1)

Note that we are focusing on the incremental contract utility, excluding the utility associated
with the income flows wy, y;, and .. Therefore, the agent’s participation constraint is

Uy (x) > 0; otherwise, the agent would be better off not choosing the contract at all.

The expected utility takes into account that the agent will only get the loan and make
the down payment d if she does not suffer a liquidity shock in period t = 1 and that she
forfeits a fraction 7 of the deposit s in case she suffers a liquidity shock. At ¢t = 0, the agent
pays s, and the t = 1 cash flows, discounted by 3, are either —d if the agent is able to make
the down payment, which occurs with probability 6, or is (1 — 7) s, since the agent forfeits
7s if she receives a bad shock with probability 1 — #. In period t = 2, the agent enjoys the
value v of the asset and makes a payment of p with probability #? and discounted by /2.

The lenders’ expected profit associated with offering contract = = (s,d,p) to a type 6
agent is Iy () given by,

Ty (s, d,p) i= 0 (Op + (1 — )9 — (I —d)) — (1 —0) (1 —7) s +s. 2)

At t = 0, the lender receives the deposit s, and the ¢ = 1 cash flows are — (I — d) if the agent
receives a positive shock because the lender finances the asset costing I after receiving the
down payment d or is — (1 — 7) s if the agent receives a bad shock and the lender returns a
fraction (1 — 7) of the savings s to the agent. Conditional on providing the loan, the ¢t = 2

cash flows are either p if the agent receives a positive shock or ¥ after seizing the collateral.

Note that the expected utility and profits associated with a loan x = (d,p) to a type 0

agent can be simply denoted as
U@ (d7p> = U9 (07 d7p> and H9 (d7p) = H@ (07 dap) ) (3)
where we set of the early down payment equal to zero.

Finally, the maximum loan payment p in period ¢ = 2 is subject to an upper bound p

11



which arises from either income constraints or moral hazard considerations. First, repayment
must be feasible given the agent’s period-2 income, implying p < y». Second, drawing on the
moral hazard framework of Tirole (2010), excessively high repayment obligations may distort
effort incentives and increase the likelihood of default. In such cases, incentive compatibility
may require capping the payment. We discuss an extension of the model with moral hazard

in Section 2.8.

Formally, the set of feasible SCC contracts is defined as:
C={(s,d,p): 0<s<wy, d>0, p<p},
and the set of feasible loan contracts is £ ={(d,p) : d > 0 and p < p}.

For notational convenience, we define the null contract x = & to represent situations in
which a borrower does not receive financing and therefore does not purchase the asset. The
null contract yields zero utility to the borrower, Uy (&) = 0, and zero profit to the lender,
Iy (@) = 0, for all types 6. Thus selecting the null contract is equivalent to not obtaining

financing.

2.2 Full Information Case: Benchmark

We first analyze the benchmark case where the agent’s type € is common knowledge, and
there is no adverse selection. Our analysis demonstrates that the optimal contract in the full
information case is a loan contract. Intuitively, agents have a higher discount factor than
lenders and, therefore, want to borrow as much as possible, and saving is inefficient. Thus,
the SCC design, which mandates early down payments, is not optimal under full information

whenever borrowers can afford the down payment without saving.

Lemma 1 The optimal contract under full information—selected from the set of standard
loan and SCC' contracts—that mazimizes the agent’s utility subject to the lender break even

and participation constraints is characterized by the following program:

max Up ()

xeCUL

subject to Iy () > 0 (CC)
Up (x) >0 (IR).

12



For all types 60 > 0= m, the optimal contract is the loan contract xy = (dﬁ’ D),
where the down payments is given by dy == I — (0p+ (1 —0) ). For all types 8 < 0, no

financing s offered.

We show in the Appendix, that the lenders’ break-even constraint (CC) binds, and the
unique solution of the full information problem above is a loan with the minimum possible

down payment d,, and the maximum possible future loan payment p = p.

In the absence of asymmetric information, high-type borrowers make smaller down pay-
ments than low types-that is, d, < d,. Asset financing with the loan contract xy = (dy, p)

yields zero profit for the lender and utility Uy = Uy (x3) for the borrower satisfying Uy, > Us,.

~

Borrowers with sufficiently low credit scores (# < 6) are credit constrained and do not
receive financing. That is, they are better off selecting the null contract, which yields zero
utility Uy (@) = 0, and zero profit to the lender Iy (&) = 0, rather than accepting any
feasible secured contract. The threshold credit score é\, below which no financing offered, is

decreasing in asset value and the collateral value (v and ¥).

To simplify our formal analysis, without loss of generality, we assume throughout the

remainder of the article that the lowest type is creditworthy; that is, 8 > 9.

We conclude that under full information, both types of borrowers optimally finance the
asset purchase at ¢ = 1 with a standard loan zj. Therefore, expanding the contract space to

include SCC contracts does not improve borrower utility under full information.

2.3 Equilibrium Concept under Asymmetric Information

We apply the revelation principle to analyze the screening problem under asymmetric in-
formation. The key insight of the revelation principle is that it is sufficient to consider a
single contract for each type, ensuring that each type has an incentive to select the contract

designated for them.

Consider the following definition of equilibrium under asymmetric information.

Definition 1 Given a feasible contract set X and the private types © then:

(Separating equilibrium) A separating equilibrium is a menu of contracts v = (x¢)pco , where
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xg € X, such that xg # x¢ for all @ # 0, and the following conditions are satisfied:

(i) Ug (z9) > Uy (zg:) , for all 6,0" € © (the incentive compatibility condition- IC) and;

(ii) Up (x9) > 0, for all @ € © (the individual rationality condition- IR).

(73) Iy (x9) > 0, for all 6 € © (the competitive condition -CC).

(Competitive separating equilibrium) A competitive separating equilibrium a separating equi-
libria in which in the lenders earn zero profits, Iy (xg) = 0 for all § € O.

(Pareto ranking) A separating equilibrium x = (x9)geco Pareto dominates another separating
equilibrium x' = (x})geco if Uy (o) > Uy (zy), for all 6 € O, with strict inequality holding
for at least one type. A separating equilibrium is Pareto dominant if it Pareto dominates all

other separating equilibrium.

The equilibrium we study involves credit policies that are informationally consistent
(or separating) given the set of feasible contracts. In a competitive separating equilibrium,
lenders offer a menu of contracts such that each borrower type voluntarily selects the contract

designed for their type, and the lender breaks even on each contract.

Among all such equilibria, the Pareto-dominant separating equilibrium is the one that
yields the highest utility for all borrower types compared to any other separating outcome.
This equilibrium represents the most natural and widely adopted solution in our screening

environment, consistent with Riley (1979).

Our objective is to characterize this Pareto-dominant competitive separating equilibrium.

For brevity, we henceforth refer to it simply as the competitive equilibrium.

2.4 Equilibrium with Loan Contracts

We first study the equilibrium with asymmetric information when only spot loan contracts

are feasible, that is X = L.

The problem is similar to the classic unidimensional screening problem (see Riley (2001)
for a survey of the literature). Asymmetric information creates a distortion because the
unverifiability of types implies that high type borrowers can no longer be offered a loan with
a lower down payment than low type borrowers, as would be possible in a full information
scenario. If this were not the case, low type borrowers would mimic high type borrowers,

leading to losses for lenders. We characterize the competitive equilibrium below.
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Proposition 1 (Standard credit market separating equilibrium) In a credit market restricted
to secured loans (X = L), and assuming y, > dj, the unique competitive equilibrium is
characterized as follows: low-type borrowers choose loan x; = (dj,py), where p; = p and
dp = 1 — (0ip+ (1 —6,)9); high-type borrowers choose loan x5, = (d5,p5) as defined in
equation (4), satisfying d;, > dy and p5, < py. In equilibrium, higher-type borrowers post
larger down payments (i.e., lower loan-to-value ratios) and receive lower interest rates than

low-type borrowers.

In the separating equilibrium, the low-type borrower receives their full-information utility,
while the high-type borrower makes a larger down payment (i.e., lower LTV) in exchange for
a lower interest rate. There are many separating equilibria, but the Pareto dominant one is

uniquely defined by the following expressions for the high type’s contract:

0.8 (p; — V) (0n — 01)

(p; — V) (6n — )
O — B0, '

6 — 30, (4)

F=

and pj, = pj —

The marginal rate of substitution (MRS) quantifies how a borrower trades off a higher
down payment for a reduced repayment amount, while holding utility constant. Formally, it
is given by:

_0Uy (x)/ﬁUg (@) 1
od Op 05’

MRSy, =

which is the slope of the indifference utility curve of type 6 in the loan payment/down
payment space. When the single-crossing-property holds, the marginal rate of substitution
is increasing in the type 6. Indeed, the derivative with respect to type of the M RSS"p is

increasing, so higher types have flatter indifference curves.’?

A separating equilibrium is sustained by the single-crossing property: the indifference
curves of high- and low-type borrowers intersect only once, and at the crossing point, the

low-type curve is steeper. This ensures incentive compatibility.

.. . .. . OMRS?
5The derivative with respect to type of the M RSgyp is increasing;: Sp L = ﬁ > 0.
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2.5 Equilibrium with Savings-and-Credit and Loan Contracts

We now derive our main results (Proposition 2 and 3 and its corollaries), which characterizes
the unique competitive equilibrium when lenders can offer long-term contracts with costly

savings features in addition to loan contracts, i.e., the contracting space is X = C U L.

In this setting, lenders screen borrower types using a multidimensional screening contract
x = (s,d,p). This problem is more complex than the classic unidimensional screening
problem. It resembles the multidimensional screening problem studied by Matthews and
Moore (1987), in which a firm, uncertain about a customer’s type (high or low), optimally
designs product bundles with varying quality, quantity, and price to extract higher profits
from higher types (see also survey by Rochet and Stole (2003)).

In the unidimensional screening problem of the previous section, the primary tradeoff
involved balancing higher down payments d against lower payments p. However, in the mul-
tidimensional setting, lenders can employ both monotonic strategies—higher s and d, and
lower p— and non-monotonic strategies, such as higher s, lower d, and either lower or higher
p, among other possibilities. The lack of monotonicity presents the main analytical challenge,
as demonstrated by Matthews and Moore (1987), who show that the optimal solution may

not be monotonic—a feature that will also arise in our setting.

We start our analysis by showing that the single-crossing-property also holds in the
multidimensional contracting space x = (s,d, p). The marginal rate of substitution between

deposits s and down payments d, or loan payments p, defined as
8U9 (ZE)

MRS? =
RSs,d 88 /

aUg (l’)
od

Uy (z) ,0U, (z)
s / op

and MRS? =

are both are increasing in the type 6 (see proof below). This property ensures that high
types are willing to make higher deposits payments than lower types in exchange of either

lower down payments (d), or lower payments (p).

Lemma 2 Consider two contracts, v = (s,d,p) and ' = (s',d',p'), such that either (i)
s> s, d =d, andp < p; or (i) s > s, d <d, and p' = p. Then, for any type 0, if
Uy (2') = Up (), it follows that for all higher types 0" > 0, Uy (z) > Uy (x), and conversely,
Up (') < Uy () for all lower types 0" < 6.
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This lemma illustrates that SCC contracts allow lenders to screen borrowers in multiple
ways beyond the standard mechanism of offering lower interest rates in exchange for higher
down payments. One screening strategy (case i) involves substituting higher deposits for
lower payments or interest rates, consistent with the separating equilibria analyzed in the
previous section. Another strategy (case ii) involves substituting higher deposits for lower
down payments. This latter case highlights the informational strength of early deposits:
they are a more powerful signal of borrower type than down payments, particularly because
deposits made earlier are more burdensome for lower types when penalties are present (7 >
0).

An alternative interpretation relies on the marginal rate of substitution between deposits
Lo . OMRS? .
s and down payments d, which increases in borrower type: 50 =t = & > 0, with no

discounting (see lemma’s proof). This reinforces the notion that high-type borrowers are

more inclined to adopt SCC contracts, leveraging early deposits in place of larger down
payments. In doing so, they benefit from the contract’s superior screening efficiency in the

presence of penalties.

However, a separating equilibrium involving SCC contracts is not necessarily welfare-
improving relative to one based solely on standard loan contracts. That is, there is no
guarantee that SCC-based separating equilibria cannot be dominated by equilibria that
rely only on traditional loan terms. In the next proposition, we characterize the optimal
competitive separating equilibria and identify the conditions under which SCC contracts

strictly improve agents’ welfare compared to standard loan contracts.

We show below that the Pareto-dominant separating equilibrium can be determined by
solving the following maximization problem:

maximize Up, (x)
z=(s,d,p)eCUL

subject to Uy, (x)

< Uaz (x?) (IC)
Hﬁ’h (QZ) >0

(CC)

where the high type selects x; € CUL, solution of the problem, while the low type chooses the
same loan contract as in the full information case, x; = 27 € £. Our analysis demonstrates
that both the lender’s profit constraint (CC) and the incentive compatibility constraints for
the low type (IC) are binding, which yields a unique optimal solution. Due to an increasing

marginal rate of substitution, the incentive compatibility and participation constraint for
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the high type are not binding, and thus can be ignored, as Uy, (z}) > Uy, (z7) > 0.

Proposition 2 (Equilibrium with Savings-and-Credit and Loan Contracts) Consider a credit
market where borrowers can choose from both SCC and standard loan contracts, X =CU L.
If the combined forces of asymmetric information, impatience, and repayment penalties are
sufficiently strong, i.e., ® + 7+ 6 > 1, the unique competitive equilibrium features the high-
type borrower choosing an SCC contract x}, = (s}, d;,pr) € C, as defined in equation 5, and
the low-type borrower selects the full-information loan contract xj = z} € L. In contrast,

when ® + 74+ 0 < 1, both types select standard loan contracts as in Proposition 1.

SCC are more advantageous than standard loans only when there is a sufficiently high
degree of information asymmetry (®), along with high discount rates (§) and penalties (7).
Proposition 3 below quantifies the resulting welfare gain for high types, showing the precise

increase in utility due to more efficient screening under SCC contracts.

The equilibrium down payments and loan payments under SCC contracts are explicitly
given by the expressions below. These values are non-monotonic when compared to the
optimal loan-only contracts characterized in the previous section. Specifically, the SCC

equilibrium satisfies s; > 0, dj < dj, and p; > p; :

On (1 —B) +78(0n — 0))

P —Dp = 32{ 56201 (6 — B6) > 0 and (5)
P = g [5919h (0n — B0) + 05 (1 = B) + 7 (B0 (1 = 61) — 5207 (1 — 0n)) <0
b " 36,0y (0r, — B0;)

The equilibrium loan payment p; is greater than p;, which implies higher loan amounts
L* = 0,p;, > L° = Op;. The equilibrium down payments are in aggregate s; + dj;, which
is less than d;, and the aggregate down payment is decreasing with savings s}, while the
loan payment pj is increasing. The high type obtains a loan with higher LTV with SCC
contracting than with standard loans and the low type continues to choose the same spot

loan.

We now characterize the welfare gains to high types when SCC contracts are allowed.
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Proposition 3 (Welfare Gains) When ® + 7+ 6 > 1, high-type borrowers attain strictly
higher equilibrium utility under SCC contracts than under standard loans: Uy, (z) > Uy, (7).

The resulting welfare gain AUy = Uy, (x}) — U, (1) is given by the closed-form expression:

. s ) ¢ d+o+7-1
AU@h_ShXHé(l—@)( O+ 0 )>O' (6)

This welfare gain is strictly increasing in both the degree of information asymmetry (®) and

the borrower’s discount rate (6).

High-type borrowers benefit from SCC contracts only when the condition ® + 749 > 1
is satisfied. This condition is more likely to hold in underdeveloped credit markets, where

information asymmetries, borrowing costs, and impatience are high.

Conversely, when ® + 7+ § < 1, SCC contracts reduce welfare for high types relative to
a separating equilibrium with only standard loan contracts: AUy, < 0. This situation arises

in environments with low information frictions, low discounting, or weaker penalties.

Combining these results with the fact that information asymmetry declines with credit
score implies the existence of a threshold credit score 6* such that borrowers with higher

scores prefer loans, while those with lower scores may benefit from SCC contracts.

Corollary 1 (Equilibrium Threshold Credit Scores) There exists a threshold credit score 0*
such that all borrowers with 6 > 0* prefer loan contracts. Among borrowers with 8 < 6*, only
high-type borrowers choose SCC' contracts, while low types prefer loans. As a result, there is

positive selection into SCC' contracts below the threshold.

The threshold 6 is implicitly defined by the cutoff ®(6*) = &* =1 —¢§ — 7, since $(0) is
a strictly decreasing function of credit score. Thus, for § > 6*, ®(0) < ®*, and vice versa.

Proposition 2 then implies the corollary.

We also consider how changes in the repayment penalty 7 affect utility. A lower penalty

. .- . . 9
increases utility for low types already enrolled in SCC contracts, since % =—(1-0)8s < 0.
However, for high types choosing new SCC contracts, utility may fall due to adverse selection:
ey, _ « b ® 1

o =i % 115 (75) (355) > 0.
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Thus, reducing the penalty 7 benefits low types more than high types, weakening SCC’s
power as a screening mechanism.by the condition ® (§*) = ®* =1 — 0 — 7, since ® (0) is a
continuously decreasing function of 6. It follows that for all # > 6*, we have ® (0) < ®*, and
for all for all @ < 6*, ® () > &*. By Proposition 2, this implies the corollary regarding the

relationship of the equilibrium with credit scores.

Finally, we explore the effects of exogenous changes in the penalty. Although a decrease
in the penalty increases the utility of agents who have already selected the SCC contract—
formally the derivative of Up is aa% = — (1 —0)Bs < 0— it reduces the utility of high type
agents who are choosing a new contract, due to the worsening of adverse selection. Formally,

the derivative of the high type utility is 8;]% = s} X % (%) (ﬁ) > 0.

Decreasing the penalty 7 improves the utility of low types more than that of high types,
making SCC contracts a less effective mechanism for separating high and low types. For-

mally:

8U9l (S, d,p) . . aUGh (87 dap)
—T—ﬂs(l—gl) >6S(1—9h) ——T

Consequently, an exogenous reduction in the penalty worsens the pool of borrowers selecting

into SCC contracts, as it increases the incentive for low types to mimic high types.

To further understand result, observe from equation 5 that a lower penalty 7 leads to
a higher down payment d; and a lower loan payment p;. Intuitively, when the penalty is
reduced, it becomes less costly for low types to mimic high types by selecting the SCC con-
tract. To preserve incentive compatibility, the contract must be adjusted—requiring higher
up-front payments and offering lower future benefits. This adjustment, in turn, reduces the

welfare of high types who are choosing new contracts under the revised screening mechanism.

This reduction in the penalty also leads to a decline in the average credit score and an

increase in the default rate among borrowers selecting SCC contracts.

Corollary 2 (Equilibrium Credit Quality and the Saving Penalty) The threshold credit score
0* increases with the saving penalty T. Consequently, a reduction on the saving penalty leads
to a decline in the average credit score and an increase in the default rate among borrowers

who choose SCC' contracts.

To prove the corollary, we simply observe that ® (0* (7)) = 1 — 6 — 7, where ® (0) is a
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continuously decreasing function of . It follows that 0* (1) = ®~! (1 — § — 7) , which implies

that 6* (1) is increasing in 7.

The new informative signal, the early down payment, is the key feature that makes SCC
contracts more effective than spot loans to screen out agents. This new signal provides
lenders a new instrument to screen borrowers less costly, leading to more access to credit.
Intuitively, a saving period exposes the agent to an additional period in which (costly) default
can occur, which is more costly for the low type agent in expectation. Importantly, this signal
is relevant to lenders because it informs them of defaults during the credit period due to the

positive correlation between liquidity shocks in the saving and credit period.

In standard loan arrangements, borrowers independently save for the down payment,
especially when they are liquidity constrained, and can withdraw if they encounter an adverse
income shock before making the down payment, thereby disregarding important information
about borrower risk. Conversely, with a mandatory saving period, borrowers must commit
funds earlier and forfeit a portion if a liquidity shock occurs before securing the loan. While
this requirement applies to all borrowers, good type borrowers incur lower marginal costs

due to their reduced likelihood of defaulting during both the saving and credit periods.

The subsequent theoretical sections highlight several additional key properties of SCC

contracts, extending beyond their role in generating positive selection.

2.6 Dynamic Screening and Penalty Profits

In this section, we demonstrate how SCC contracts dynamically screen out lower-type bor-
rowers when multiple types select into the contract ex-ante, as would be the case in a pooling
equilibrium. This mechanism leads to higher ex-post withdrawal rates and lower loan de-
fault rates. We also highlight another interesting unique feature of SCC contracts related to
their dynamic screening property: lender profits can increase as borrower types worsen and
may remain positive even for very low-type agents. Consequently, lenders may have little

incentive to ex-ante exclude lower types from participating in the contract.

A key advantage of SCC contracts lies in their dynamic screening property, which nat-
urally filters out riskier borrowers over time. Among applicants selecting SCC contracts,
suppose a fraction A are high types (),) and the remaining 1 — X are lower types (6;). Early-

stage withdrawals serve as a selection mechanism: lower-type agents are more likely to exit
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the contract before the loan stage, increasing the average quality of the remaining borrower
pool. This process results in a withdrawal rate that exceeds the default rate, as many riskier
agents drop out before receiving financing. Over time, the pool becomes increasingly com-
posed of high types, causing the default rate to converge to the low default probability of
the highest type. Thus, SCC contracts improve credit outcomes by endogenously refining

the composition of borrowers as the contract unfolds.

Proposition 4 (Dynamic Screening Property) Suppose among the agents selecting an SCC
contract, a fraction X are high types 0y, and a fraction (1 — \) are low types 6;, with 0y, > 0.
Then the equilibrium withdrawal rate exceeds the default rate due to dynamic screening:
lower-type agents are more likely to withdraw early, and are thereby filtered out before receiv-
ing the loan. This selection process reduces the average risk among borrowers who proceed to

the loan phase, resulting in a lower default rate than the withdrawal rate.
Specifically, the withdrawal rate is
hy =A(1—=0,)+ (1 =X (1—0),
and the default rate—i.e., the probability of default conditional on reaching the loan stage is

(1—9h)>\9h+(1—91)(1—>\)91_

h pu—
¢ Ay + (1= N) 6,

Withdrawals occur earlier during the contract than loan defaults. However, higher-type
agents have a higher survival rate than lower types. As a result, the fraction of high types

in the pool increases over time. After one period, the share of high types increases from A

A0y,
AOp+(1-X)6;’

types as this effect compounds. For example, during the n-th period the fraction of high types

to and as time progresses, most of the remaining population will consist of high

among those who remain is which converges to one as n — oo. Consequently,

,\9;5+(1}1A)9;L ’
the default rate converges to (1 —6y,) .
The next result establishes that lender profits under SCC contracts may increase as
borrower types decline and are strictly positive for sufficiently low types. In contrast, the
lender’s profit function under standard loan contracts is always strictly increasing in borrower

type.
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This outcome is driven by two key forces. First, lenders earn higher penalty revenues
from low-type borrowers, who are more likely to withdraw during the saving period. Second,
these same low types are less likely to reach the loan stage, thereby reducing the lender’s

exposure to default risk.

Proposition 5 (U-Shaped Lender Profit Function) Let x = (s,d, p) denote an SCC contract
with s > 0 and 7 > 0. Then the lender’s profit function ly(z) is U-shaped in the borrower’s
type 0 € (0,1). Moreover, suppose that x is an equilibrium contract designed for the high type
On, such that Iy, (x) =0 and aHaLe(z)‘@_@h > 0. Then, for all types 0 < 6,(x), the lender earns
strictly positive profits where 0;(x) < 0y, is the smallest solution to the lenders’ breakeven

condition Ily(z) = 0.

To prove this result, observe that introducing a penalty 7 in contracts with early deposits

s gives rise to two distinct positive roots in the lender’s U-shaped quadratic profit function:
Ho(x) = (p—9)0* — (I —9 —d —s(1 —7))0 + sT.
Without the penalty 7, the profit function has at most one positive root.
By contrast, the lender’s profit function under a standard loan contract x = (d, p) is:
p(z) = (p—0)0 — (I =9 —d),
which is strictly increasing in the borrower’s type 6.

When the SCC profit function has two positive roots, it is strictly decreasing to the left of
its minimum and necessarily crosses zero at some 6 € (0, 1) below this minimum. Therefore,

lender profits are strictly positive for all borrower types 6 < 6;(z).

This feature implies that lenders may have no incentive to screen out low-type borrowers,
even when they are able to do so, since these borrowers remain profitable. In the next section,
we show that this is not merely a theoretical possibility, but one that arises endogenously in

equilibrium. We then explore its implications for contract design and selection dynamics.

2.7 Equilibrium with Behavioral Types

Gottlieb and Smetters (2021) show that behavioral agents are common in life insurance
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markets, which—like savings-and-credit (SCC) contracts—require a stream of payments.
Consistent with their findings, our empirical analysis also shows that behavioral agents are

prevalent in SCC contracts (see empirical section).

In the remainder of this section we explore implications of extending the model to incor-
porate behavioral agents who underestimate their liquidity risk and mistakenly choose SCC

contracts.

We extend the model to allow for a fraction ¢ are behavioral (or noise) types who are low
types, but who underestimate their liquidity risk. While these behavioral agents face a high
probability of experiencing a liquidity shock, they mistakenly believe their shock probability
is as low as that of the high types.

Specifically, among agents with credit score 6, a fraction 1 — ¢ consists of the strategic
types considered earlier, and fraction € are the behavioral types @\l As before, the strategic

agents can be either a high-type 6, with probability u, or a low-type 6, with probability
1 —p.

We characterize below the competitive equilibrium with behavioral types. We show that
lenders continue to offer two contracts: an SCC contract Z; and a loan contract z7. The

strategic low type self-selects into the loan as before.

However, in this setting, both the high types and the behavioral types self-select into
the SCC contract. Due to market competition, lenders earn zero expected profits on both
contracts. The behavioral types mistakenly choose the SCC contract and ultimately generate
positive profits for lenders through penalties incurred from early withdrawal. These profits,
however, are competed away in equilibrium, leading to zero expected profits for lenders
overall. As a result, high types are cross-subsidized—lenders incur losses on them. High
types ultimately benefit in equilibrium, as they obtain higher utility than they would in a
setting without behavioral types.

Proposition 6 (Equilibrium with Behavioral Types) Consider a competitive credit market
in which borrowers can choose between SCC and loan contracts, X = C U L. Suppose a
fraction € of borrowers are behavioral types é\l, while the remaining 1 — € are strategic types,
esther 0y, or 0;. Assume that ® + 0 + 7 > 1, and let x} denote the SCC equilibrium contract
for high types as defined in Proposition 2. Suppose further that é\l < Oi(x3), as defined in

Proposition 5.

24



Then there exists Pareto-dominating competitive separating equilibrium in which lenders offer
an SCC contract T, € C to both high-type and behavioral borrowers, and offer the loan
contract x; € L to strategic low types. Borrowers self-select into these contracts. Lenders
earn zero expected profits in equilibrium. However, they do not screen out the behavioral
types, who generate strictly positive profits, 113, () > 0, and thereby cross-subsidize the high
types, 11, (Tn) = —ﬁﬂ@(ih) < 0. As a result, high-type borrowers attain strictly higher
utility in this equilibrium than in the separating equilibrium without behavioral types: Uy, (Z)

> Ugh (.CEZ) .

Due to market competition, lenders earn zero expected profits in equilibrium:
(1 — 8) Mth(i’h) + 5H’9‘l (ih> =0.

However, they incur losses on the high types:

€
Iy, (z,) = ——15 (2,) <O,
9h< h) (1_5)'“ 01( h)
and generate profits from the behavioral types, H@ (Zp) > 0, who are cross-subsidizing the
high types. Interestingly, even if lenders were able to screen out the behavioral types, they

would have no incentive to do so, as their presence sustains equilibrium through cross-

subsidization.

The competitive equilibrium contract Z;, is obtained from the unique solution of the

maximization problem

maximize Uy, (x)
x=(s,d,p)eCUL

subject to Uy, (x) < Uy, (z7) (1IC)
H9h($) > _(1_€€)MH§Z (37) (CC)

Because the binding competitive constraint (CC) is relaxed-since Il () > 0—the high
type obtains higher utility. Whenever, ®+d§+7 > 1, we have Uy, (21,) > Uy, (x}) > U, (x7).
The behavioral types, who mistakenly underestimate their liquidity shocks to be 6}, also

select the SCC contract Zy,.

With SCC contracts, high-type borrowers attain strictly higher utility in equilibrium

than in the equilibrium without behavioral types. In contrast, under loan contracts alone,
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the presence of behavioral types reduces the utility of high-type borrowers when these types
cannot be properly screened out, since low-type behavioral borrowers are unprofitable to

lenders.

Our theoretical results in this subsection show that SCC contracts exhibit robust prop-
erties: they perform well even when agents make mistakes, due to the structure of penalties
and the dynamic screening mechanism. Behavioral types are gradually screened out through
early withdrawals, generating profits for the lender. In a competitive lending market, these
profits are used to cross-subsidize high types, thereby improving their overall welfare. These
features closely mirror the properties identified by Gottlieb and Smetters (2021) in the con-

text of life insurance markets.

2.8 Moral Hazard During Saving and Credit Phases

We now extend the benchmark model with adverse selection by introducing a moral hazard
component during both the saving and credit phases. At the beginning of period ¢t = 1
(the saving period) and again at ¢t = 2 (the credit period), the agent chooses an effort level
1,62 € [1,00) that increases the probability of success from 0 to e;. The cost of effort is

given by c(g;) = §(e, — 1)%.

This specification reflects the idea that higher-type agents incur lower marginal costs
when increasing the probability of success through effort. We also consider an alternative
specification in which the probability of success is independent of type and given by 6 + &,

with a cost of ¢(g;) = 5¢7. This yields qualitatively similar results (see Appendix for details).

Additionally, we assume that during the credit phase the agent faces a default cost ¢,
which captures real-world penalties such as a damaged credit score, social stigma, or exclusion
from future borrowing opportunities. This default cost is specific to the credit phase and

does not apply during the saving period.

The utility of a type-6 agent who selects contract x = (s,d, p) and chooses effort levels

(e1,€2) is given by:

Up(s,d,p | e1,82) = 8201 [fea(v — p) — (1 — O22) 0 — c(e2)]
+ B[(1 —0e1)(1 —7)s — Oe1d — c(e1)] — s.
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We characterize the agent’s optimal effort choices in the following proposition.

Proposition 7 (Moral Hazard During Saving and Credit Phases) The optimal effort levels

during the saving and credit phases are given by:
0 :
a= (Bvy —d—(1—7)s) (saving phase)

g5 = 0 (p+v—p) (credit phase)

x

where the continuation value is vy = 0i(v — p) — (1 — b)) — c(€35).
Moreover, the optimal effort in the credit phase is strictly higher than in the saving phase,

1.e., €5 > e¥. As a result, the withdrawal rate exceeds the default rate under an SCC contract.
) <2 1 )

A higher loan payment p increases moral hazard and lowers effort, providing a rationale

for lenders to cap repayment obligations (see also Tirole (2010)).

There are two main reasons why agents exert strictly greater effort during the credit phase
than during the saving phase. First, default during the credit phase carries an additional
cost , reflecting real-world consequences such as a tarnished credit score or reduced access
to future credit. No such penalty exists for early withdrawal during the saving phase—
instead, the agent recovers (1 — 7)s, which further reduces the incentive to exert effort early
on. Second, prior to receiving the loan, the agent is required to make a down payment d,
increasing their financial stake in the contract and strengthening their incentive to avoid
default. Together, these forces help explain why default is less likely than early withdrawal
in SCCs.

3 Institutional Setting and Data

To provide empirical support for the model’s predictions we explore a credit contract in

Brazil — Consorcio — that exhibits features of an SCC.

3.1 Consumer Lending and Consorcios in Brazil

First, we provide a brief overview of consumer lending in Brazil and a more detailed descrip-

tion of consorcio contracts.
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Consumer Lending in Brazil In 2019, 17 percent of the working age population (17-64)
in Brazil had no checking account with a bank and 55 percent had no active credit report
with a loan balance greater than 200 BRL (40 USD). The mean interest rate for car loans

was around 24 percent. For marginal borrowers, the rate is substantially higher.

While there is no centralized credit scoring system such as FICO score in the U.S., banks
have access to information about individuals’ current and past credit information from the
Central Bank, which they can use for internal credit scoring models. Due to features of
the Brazilian economy and labor market, information about borrowers is often incomplete.
A large fraction of Brazilian businesses operate in the informal sector and 28.5 percent of
workers are employed informally (Doornik, Schoenherr, and Skrastins, 2023). This prevents
individuals from providing hard information on their employment and income. As a result,

information asymmetry is a major obstacle in consumer lending markets in Brazil.

Consorcios Consorcios are a financial product in which participants pool funds to save
towards the purchase of durable goods. Groups are typically administered by the finance
division of a manufacturer, who provides the good towards which individuals save, a bank,
or a specialty finance company. The administrator is in charge of marketing the consorcio,
selecting applicants, managing payments, organizing the allocation of credit, and enforcing
contracts. The administrator is compensated for these services through an administrative
fee levied on all participants. Active screening of applicants is virtually non-existent. In

practice, anyone with a social security number in Brazil can sign up for a consorcio group.

Prospective participants are provided with several pieces of information when considering
to sign up for a group. They know the identity of the administrator, the price of the
good, the number of months for which the group is set to operate, and a target number of
participants. Once the group is formed, all participants contribute identical pre-determined
payments at regular intervals, typically monthly. The payments are adjusted for inflation
and changes in the price of the underlying good. In addition, monthly payments cover the
administrative fee and establish a guarantee fund that covers losses resulting from defaults
of individual participants. In most groups a fraction of the payments is used to insure the
good against damage to preserve its value as collateral. All participants are required to
continue their monthly contributions even after receiving credit from the group. Eventually,
every participant that does not default during the savings period receives credit. Due to the

organization of the group through a central and independent administrator and enforcement

28



through physical collateral, personal relations between consorcio participants are uncommon

and participants of the same group are not known to each other.

Credit Allocation All participants in a consorcio group start out as savers making equal
monthly contributions to the group. Every month some participants receive credit from the
group which they are required to repay through their monthly contributions. The decision
which members receive credit in a given month is based on two mechanisms: lotteries and
auctions. The relative number of allocations by lottery and auctions varies by group. By

law, each period at least one good has to be allocated through a lottery.

Lotteries are based on the outcome of the national lottery (Loteria Federal), which is
broadcast on TV. Each participant receives a ticket number at the start of the group. Based
on an algorithm, which is known to all participants, the national lottery number is translated
into a ticket number and the participant holding the respective ticket number is declared
the winner of the lottery. Algorithms are designed such that at the beginning of the group
each participant has the same unconditional probability of winning the lottery at any point

in time over the duration of the group.

In credit auctions, participants bid a fraction of the total value of the good. Rather
than constituting an additional payment, bids are equivalent to a higher down payment, and
future contributions are adjusted accordingly. For example, if the value of a good is $5,000
with monthly contributions of $100 and a participant bids 40 percent, they would pay $2,000
immediately and would cease monthly payments 20 months early. In some groups, auctions
are designed differently. For example, some auctions are capped such that bids may not
exceed a fraction x of the total payments, and if several participants bid the same value, the
algorithm related to the lottery determines the auction winner among the participants that

bid the capped value.

Default After an individual obtains credit, the good is purchased. The good serves as
physical collateral and can be seized if payments are late.® Participants are not allowed to
sell the good to somebody else without the administrator’s approval, to ensure that the good

is not transferred to somebody that is a high credit risk to the group.

6 A supporting feature sustaining consorcio groups in Brazil is the ease and speed of recovery of physical
collateral in Brazil that enables administrators to recover those quickly upon default.
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If a participant defaults before receiving credit, her past payments are retained by the
group until they win a lottery. When a previously defaulted participant is declared the winner
of a lottery, her funds are released and paid to her instead of obtaining credit to purchase the
good. However, the defaulted participant receives only a fraction of her previous payments
since default carries a contractually specified penalty of on average about 25 percent of the
payments. Before February 2009, participants who default before receiving credit had to

wait until the end of the group to have their payments minus the penalty returned.

Due to this contractual design, defaults of participants before receiving credit do not
affect the required payments of other participants. However, defaults after receiving credit
impose costs to the group if the liquidation value of the good is not sufficient to recover
the full amount of credit that is owed to the group. This is more likely if the outstanding
credit is higher, which applies to participants that default soon after receiving credit and for
participants that obtained credit early in the group. The resulting losses are first covered
by the guarantee fund, which is designed to be sufficiently generous to prevent a collapse
of the group. If losses exceed the capacity of the guarantee fund, participants absorb the
losses through higher contributions. In practice, losses from defaults virtually never exceed
the capacity of the guarantee fund. At the termination date of the group, any remaining

funds in the reserve fund are split equally and repaid to the participants.

Aggregate Statistics Consorcios are common in Brazil. In 2015, consorcios had 9,908,527
participants, about a third of them in groups that finance cars, which we analyze in this
paper. The 3,681,235 participants in those groups are equivalent to 2.4 percent of the working
age population or 7.4 percent of formally employed individuals in Brazil. 370,095 individuals,
or 0.24 percent of the working age population obtained a car through a consorcio group in

2015 alone. These sales amount to about a quarter of all car sales on credit in Brazil in 2015.

The average car value across all groups is BRL 29,414 (about USD 10,000). Average
monthly payments amount to about 1.8 percent of the value of the car and also cover
administrative fees (11 percent of the monthly payment), and a guarantee fund (0.03 percent
of the monthly payment). The average duration of a consorcio group is 68.2 months and
the mean number of participants is 340 (median is 245), where the average group comprises
participants from 125 different municipalities in 17 different states (out of 27). On average,
less than two participants in a group are from the same municipality. The share of cars

allocated through lotteries is 40 percent with the rest allocated through auctions.
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24.17 percent of participants default during the savings period. An additional 6.6 percent
of participants default after receiving credit, in which case the car is seized by the admin-
istrator and liquidated. If the liquidation value of the car is higher than the outstanding
payments, the defaulted participant keeps the difference.

3.2 Data

The data for this paper comes from three main sources. Data on consorcios is from the
Sistema de Administracao de Grupos/Cotas de Consorcio (SAG) database, which is main-
tained by the Banco Central do Brasil (BCB). Information on bank loans is derived from
SCR (Sistema de Informagoes de Crédito do Banco Central), a restricted-access credit reg-
istry managed by the Central Bank of Brazil (BCB). Finally, information on labor markets
outcomes is available through RAIS (Relagao Anual de Informagoes Sociais), an employer-
employee matched database that includes employment information and wages for all formally

employed workers in Brazil.

The database on consorcios provides information on the administrator, all participants,
the good that is being allocated, and the dates when credit is awarded to participants. The
bank loan credit registry (SCR) provides information on loan characteristics (e.g., outstand-
ing value, interest rate, issue date, maturity), issuing bank, location of the loan among other
things. Our primary focus is on loans issued and consorcio groups started between 2008-02
and 2010-02, centered two years around the reform that changed the cost of defaulting in

the savings period for consorcios (see Section 5).

The consorcio and bank credit registry databases provide the social security number of
all individuals. This allows us to match them to the RAIS database. The RAIS database
records information on all formally employed workers in a given year and is maintained by
the Ministry of Labor and Employment of Brazil. All formally-registered firms in Brazil are
legally required to report annual information on each worker that the firm employs. RAIS
includes detailed information on the employer (tax number, sector of activity, establishment
size, geographical location), the employee (social security number, age, gender, education),
and the employment relationship (wage, tenure, type of employment, hiring date, layoff
date, reason for layoff, etc.). By the end of 2015, the database covers about 50 million

formal employees.
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3.3 Consorcios as Random Multi-period SCCs

Our baseline framework features a single savings period (in addition to the down payment),
followed by one credit period. However, our empirical analysis focuses on SCCs that unfold

over multiple periods.

SCCs can be naturally generalized to a multi-period setting. Define a multi-period SCC
by © = (Ts,ps; T, pe|T) where ps is the per-period deposit during the savings phase, p. is
the per-period installment during the credit phase, T (7.) is the number of savings (credit)
periods, and 7 is the forfeiture rate applied to accumulated deposits when a borrower

withdraws early.

The borrower makes an initial deposit p, at ¢ = 0. Each subsequent period t =1, ..., T}
she either (i) remains active with probability # and deposits another p,, or (ii) experiences
a liquidity shock with probability 1 — 6 and withdraws, receiving (1 — 7)tp, —her past
deposits net of the penalty. After T, successful deposits the lender advances a loan of size I

to purchase the asset, to be repaid over T, periods in equal installments p..

The expected utility of a type-0 borrower and the corresponding expected profit for the

lender are given by expressions (7) and (8) below, which generalizes expression (1) and (2).”

Both the borrower’s and the lender’s problems satisfy the usual multidimensional marginal-
rate-of-substitution (MRS) conditions. Hence, we conjecture that a competitive equilib-
rium exists in this multi-period environment. While the algebra becomes significantly more
intricate, the key qualitative features established in the single-period model—mamely ex-
ante mitigation of adverse selection, ex-post dynamic screening, and the presence of moral

hazard—are expected to continue to hold.

RoSCAs and consorcios, which we examine in our empirical analysis, are financial prod-

ucts that adopt the structure of SCCs. In these arrangements, participants agree to make

"Given a multi-period SCC z = (T, ps; T.., pe|T), the borrower’s expected utility and the lender’s expected
profit for a type € agent are given respectively by:

Us (x) = Uy (plr) = (66)" (v — pc) (ZM) Zet 1B (Ops — (1= 0) (1= 7)tps) —pss  (7)

and

g ( ) Iy (p|T =40 ( <Z€t> _I> +Z€t ! eps 9) (I_T)tps)+ps (8)
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installment payments—typically on a monthly basis—for a fixed number of periods (on aver-
age, 38 months). Unlike the deterministic SCCs discussed so far, these products incorporate
a random allocation mechanism: in each period, a lottery (or bidding process) determines
the winner. The selected participant is awarded the loan and transitions from the savings
phase to the credit phase. This process is repeated until all participants have received the

loan.

RoSCAs and consorcio can be viewed as random SCCs, in contrast to the deterministic
SCCs analyzed thus far.® To see this formally, consider a representative consorcio in which
each participant makes installment payments of p for T" periods. The expected award date is
T/2. Let m; denote the probability that an individual wins in period t = 1, ..., T conditional

on not having won earlier: m = 75— +117t.

Define a deterministic SCC #® = (¢,p; T + 1 —t,p | 7) in which the borrower makes ¢
saving-period deposits before switching to the credit phase and then repays the loan over
the remaining T' — t periods. The consorcio contract can be represented as a probabilistic

mixture of these deterministic contracts, with weights 7.

Besley, Coate, and Loury (1993) analyze a bidding variant in which participants may
bid for early awards. With homogeneous agents, they prove that individuals are indifferent
between bidding and not bidding. Hence a bidding consorcio can be interpreted as a non-
bidding scheme in which early winning probabilities are adjusted to reflect awards allocated
to bidders. Consequently, bidding consorcios can also be modelled as probability-weighted

combinations of the deterministic contracts z(*).

The standard multidimensional marginal-rate-of-substitution (MRS) conditions remain
valid in the random SCC framework. We therefore conjecture that a competitive equilibrium
exists, and that the qualitative properties derived for deterministic SCCs—such as ex-ante

mitigation of adverse selection and ex-post dynamic screening—continue to hold.

8Lotteries embedded in savings and credit products are common in developing countries, and a growing
empirical literature finds that prize-linked savings schemes substantially increase savings rates (see Cole,
Iverson, and Tufano (2022); Gertler et al. (2023)), providing a strong rationale for incorporating lotteries
into the design of consorcios as well to increase demand for the product.
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4 Empirical Predictions

In this section, we describe the empirical predictions of the model that we can test in the
data. Based on the strengths and limitations of our institutional setting and data, we
differentiate between empirical predictions that we can carefully identify and test in the

data, and empirical predictions for which we can provide suggestive supportive evidence.

Positive Selection The main focus of our theory is to illustrate the mechanisms that allow
SCCs to thrive in the presence of bank loans for the same product. Specifically, we show that
SCCs have an edge over standard bank loans under high information asymmetry as they are

able to achieve positive selection of borrowers conditional on observable characteristics.

In our empirical setting, information asymmetry varies across borrowers. As shown in
Lemma 1, standard loan contracts are optimal in the case of full information. They achieve
a separating equilibrium without the need for an extra savings period. Not requiring an
extra savings period benefits agents due to their impatience. In addition, as shown in
Proposition 2, if information asymmetry is low, loan contracts may still dominate SCCs even
for high quality borrowers (especially if discount rates are low). Thus, borrowers for whom
information asymmetry is low choose standard loan contracts over consorcios, irrespective

of their type.

However, for high type borrowers for whom information asymmetry is high, for example
borrowers working in the informal sector or with undocumented wealth and education, it
is optimal to choose a SCC (see Proposition 2). That is because the marginal rate of
substitution between savings and down payments is higher for the high type making SCCs a
stronger screening device allowing high types to signal their type with lower overall deposits
(savings plus down payment). An intuitive way of understanding this theoretical insight is
that SCCs expose borrowers to an additional period during which they can default - the
mandatory savings period - which is costly for borrowers, since SCCs feature a high default
penalty during the savings period. Since low type borrowers are more likely to default, the
expected cost of default during the savings period is higher than for high type agents. As
a result, SCCs achieve a positive selection on unobservables, especially when the penalty
for default during the savings period is high (Corollary 2). This implies that conditional on

observable characteristics, consorcios attract relatively higher quality borrowers.

34



We can summarize the empirical predictions from the positive selection properties of

SCCs for our setting as follows:

1. The unconditional relative default rate between bank loan and SCC borrowers depends
on the relative size of the set of borrowers for which information asymmetry is low,
who choose bank loans, and for which information asymmetry is high, among whom
only the high type chooses the SCC contract. As a result, the prediction for the
difference between the unconditional default rates for bank loans and SCC contracts

is ambiguous.

2. Conditional on observable characteristics, SCCs achieve better selection, and therefore

conditional on observable information default rates are lower in SCCs.

3. The higher the penalty during the savings period in an SCC, the more likely it is for
higher quality borrowers to select into the SCC contract. Thus, the average quality of
borrowers in SCCs is a positive function of the size of the penalty and default rates

are a negative function of the penalty.

Our empirical setting is well-suited to test these implications of the model, as we can
estimates differences in default rates controlling for a wide range of personal and contract
characteristics. In addition, a reform that only changed the severity of the penalty during
the default period allows us to sharply estimate the effect of the penalty on selection into the
contract (observable characteristics) and realized withdrawal and default rates while keeping

all other features of the contract constant.

Dynamic Screening A second feature that improves borrower quality in SCCs is dynamic
screening. The mechanism is intuitive. Conditional on selection into the contract, relatively
lower quality borrowers are more likely to withdraw during the savings period. As a result,
the pool of borrowers that ultimately obtains a loan in an SCC is of higher quality than the
pool of borrowers that select into the SCC (Proposition 4).

It should be noted that this type of dynamic screening also exists for bank loans. For
example, in our model some agents who choose the bank loan over the SCC experience a
liquidity shock before making the down payment in period ¢ = 1. Since such shocks are

more likely for low quality borrowers, similar to SCCs, the pool of borrowers that ultimately
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obtain a standard loan is of higher quality than the pool of borrowers that chose to pursue

a standard loan in the first place.

There are two differences with respect to dynamic screening between SCCs and bank
loans. First, for SCCs, we can observe the initial pool and the withdrawal rate during the
savings period. For bank loans, this is not possible, since individuals that intend to make
a down payment for a bank loan but experience a liquidity shock during their autarchic
savings period cannot be differentiated in the data from the pool of individuals that never
intended to obtain a bank loan in the first place. Second, SCCs can exploit the financial
windfall from withdrawals during the savings period to subsidize interest rates for remaining
borrowers, which in turn allows them to be even more attractive for high quality borrowers,
who are more likely to obtain a loan in SCCs and benefit from the subsidized interest rate

in SCCs as implied by Proposition 5.

We can summarize the empirical predictions from the dynamic screening property of

SCCs for our setting as follows:

1. Average default rates in SCCs are higher during the savings period than during the
lending period as lower quality borrowers are more likely to default before obtaining a

loan.

2. Withdrawal rates decline over the course of the savings period as the lowest quality
borrowers are more likely to withdraw early and the pool of remaining SCC participants

improves over time.

3. Similarly, default rates are lower for individuals that obtain a loan at a later point
during the lifetime of an SCC as the lowest quality borrowers are more likely to default

early and the pool of remaining SCC participants improves over time.

Our institutional setting allows us to provide descriptive evidence consistent with these
predictions of the model. The design on consorcios with multiple payments during the
savings period allows us to assess the predictions about time-series variation in borrower
quality in more detail by providing more granular time-series evolution in changes to the

pool of participants.

Moral Hazard The dynamic nature of moral hazard in borrowing also has implications

for the empirical predictions of the model. Specifically, in SCCs default costs other than the
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penalty during the savings period are higher during the credit period after agents obtained
a loan relative to the savings period before agents obtain a loan for two main reasons. First,
default during the credit period negatively affect agents’ ability to borrow in the future by
attaching a default flag to their credit report, which does not apply to withdrawals during
the savings period. Second, once individuals obtain credit, the default penalty is effectively
zero, as they are no longer returned accumulated savings in case of default. Third, moral
hazard decreases with the total amount of deposits made by the agent over time. Together,
this implies a monotonic decrease in moral hazard over time, as well as a sharp decline
in moral hazard when agents make the down payment to obtain the loan, which instantly

increases their total deposits by a large amount.

Given that in our empirical setting with consorcios down payments are more continuous,
the third channel is somewhat muted, especially when allocation of credit is based on lotteries
which do not require a discontinuous payment upon receipt of credit. Nevertheless, the risk of
obtaining a bankruptcy flag in credit record implies a discontinuous decline in moral hazard
at the beginning of the credit period, and the higher accumulated savings during the credit
relative to the savings period imply lower moral hazard-driven defaults during the credit

relative to the savings period (Proposition 7).
We can summarize the empirical predictions from moral hazard implications for our

setting as follows:

1. At a given point in time (relative to the start of the savings period) default rates are
lower for individuals who are in the credit phase of the SCC than for individuals who

are in the savings period of the SCC.

Our data allow us to provide descriptive evidence consistent with this prediction of the
model by comparing default rates for credit in SCCs and withdrawal rates of individuals

before obtaining credit.

5 Empirical Analysis

In this section, we describe the analysis to provide empirical support for the predictions of

the model, outlined in Section 4.
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Borrower Characterisitics and Realized Default Rates One of the key prediction
of our model is that consorcios achieve a positive selection of borrowers conditional on
observable information. Put differently, consorcio participants are positively selected in
terms of unobservable characteristics. This implies that even if consorcio participants may
look worse in terms of observable charactersitics, we may see better lower default rates for
credit contracts allocated to consorcio participants than for standard bank loans on the
same product (although the model’s prediction is ambiguous depending on the severity of
information asymmetry for the average borrower). Conditional on controlling for observable
characteristics, our model implies that we should see lower default rates for consorcios relative

to standard bank loans.

To assess whether the data support this prediction, we start by comparing observable
characteristics for consorcio participants as well as bank borrowers that obtain an auto loan.
Descriptive statistics on borrowers are reported in Panel A of Table 1. Overall, consorcio
participants exhibit characteristics commonly associated with riskier borrowers relative to
bank borrowers. Specifically, consorcio participants are 17 percentage points less likely to
be formally employed than bank borrowers, are 2.8 percentage points more likely to be
currently be in default on an existing bank loan, and 2.4 percentage points more likely to

have defaulted on a bank loan in the past five years.

Panel B compares contract characteristics of consorcio participants and bank borrowers.
Consorcio participants tend to finance somewhat more expensive cars than bank loans (BRL
29,414 vs. BRL 23,144, respectively), whereas the average credit amount extended to bor-
rowers is smaller for consorcio participants (BRL 12,535 vs. BRL 17,658). Consequently,
consorcios exhibit a lower LTV of about 0.4 compared with 0.8 for banks. The average
maturity is shorter for consorcios with 38 months and compared with 43 months for bank
loans. The implied interest rate of 16% in consorcios is lower than for bank loans, where the

average rate is 24%.

About 24% of all consorcio participants withdraw during the savings period. It is not
possible to compare this rate to individuals that saved for a down payment on a loan but then
withdrew due to liquidity shocks or other reasons, which is akin to withdrawals during the
savings period in consorcios. As a result, we have no way of interpreting the 24% withdrawal
rate as high or low compared to standard bank loans. We can, however, compare realized
default rates for credit allocated in consorcios and through bank loans. We observe that the

realized default rate conditional on obtaining credit is lower for consorcios with 6.6% relative
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to 9.0% for bank borrowers.

To make sure that the documented differences in borrower characteristics and realized
default rates that we observe are not driven by differences in contract characteristics, we

complement the descriptive evidence in Table 1 by estimating
Yi = Qi+ 0 - Consorcio; + €, (9)

where y; is the outcome of interest for a contract ¢ issued at time t. The dummy variable
Consorcio; takes the value of one for credit issued by a consorcio and zero for bank loans.
We compare borrowers of bank and consorcio contracts signed within the same municipality

and the same month by adding municipality-time fixed effects (ay).

We start by confirming that the documented differences in borrower charateristics are
not driven by differences in contract characteristics attracting different sets of borrowers.
The results are reported in Table 2. In column I, we find that consorcio participants are
17 percentage points less likely to be formally employed. The magnitude of the difference
in formal employment rates is similar after controlling for contract characteristics, such as
total credit amount, maturity, LTV deciles, and comparing loans for cars of similar value in
columns II to IV. Controlling for the same contract characteristics, we find that consorcio
participants are 1.9 percentage points more likely to be currently in default on a bank loan
and 1.3 percentage points more likely to have defaulted on a bank loan in the past five years
in columns V and VI, respectively. In addition, we find that after controlling for differences
in contract characteristics, consorcio participants have an about 12.4 percent worse credit

score.

To aggregate the information on borrower characteristics, in Figure 2, we estimate a
predicted probability of default based on observable borrower characteristics. We estimate
our own risk model that predicts the probability of default over the next 12 months given
that there is no standardized, readily available credit score system, like FICO scores in the
U.S., for Brazil. We estimate the default risk model as

Defaultiviy1o = a+ - X+ €, (10)

where De fault;; ;412 is a dummy variable that takes the value of 1 if individual ¢ defaults on
payments within the next twelve months, X;; is a vector of borrower characteristics: gender,

age, employment characteristics (status, income, tenure), and credit market characteristics
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(repayment history over the past five years, whether an individual is banked). Specifically, to
predict default risk in month ¢, we estimate the model based on a random sample of 50,000
contracts from t — 12 to t — 1. This ensures that we use past information in predicting future
performance to avoid a look-ahead bias. Finally, we split the predicted default risk measure
into 100 equally spaced bins, akin to assigning credit scores based on the predicted default

risk.

Consistent with the descriptive statistics on individual borrower characteristics, we find
that the distribution of expected default rates for consorcio participants (orange solid line)
is shifted to the right, i.e., predicted default rates are higher for consorcio participants than
for bank borrowers (blue solid line). However, in contrast to the predicted patterns, we
find that realized default rates on credit for consorcio participants are lower than for bank
borrowers. Specifically, realized default rates of consorcio participants (green dashed line)
are 2.4 percentage points lower than for bank borrowers (yellow dashed line). In particular,
default rates for consorcio participants are lower for a given predicted default rate, except for
the lowest predicted default rates. This is consistent with positive selection into consorcios
based on unobservable characteristics. That is, for the same observable risk characteristics,
consorcio participants are, in fact, safer borrowers. In addition, the flatter slope of realized
default rates for consorcio participants relative to bank borrowers suggests that observable
risk is less informative about realized default rates in consorcios, consistent with the SCC
design in consorcios using additional information due to its unique screening properties that

are not exploited in standard bank loans.

We also examine differences in realized default rates more formally, controlling for con-
tract characteristics, in Table 3. Controlling for month-municipality fixed effects, we find
that consorcio participants are 1.5 percentage points less likely to default relative to bank
loans in column I. The difference in default rates becomes consistently stronger once we
control for more contract characteristics, such as car values, total credit, maturity, and LTV
in columns II to IV, and after controlling for observable borrower characteristics based on
employment and credit risk in columns V to VII. In column VIII, we add the predicted
default risk measure from our credit risk model as a control, which implies that we compare
differences in realized default rates for consorcio participants and bank borrowers that are
predicted to be equally likely to default based on their observable characteristics. We find
that realized default rates are 4.8 percentage points lower for consorcio participants relative

to bank borrowers after controlling for observable risk characteristics.

40



Altogether, the evidence from predicted and realized default rates supports the model’s
prediction that SCC design improves borrower quality conditional on observable character-

istics by inducing positive selection.

Regulatory Change The second main testable prediction of our model is that positive
selection into SCCs is a positive function of the expected cost of default during the savings
period. To provide empirical support for this prediction of the model, we exploit a regula-
tory change in 2009 that altered the expected cost of default during the savings period for

consorcios while keeping other features of the contract constant.

Prior to February 2009, when an individual defaults during the savings period, their
savings minus a penalty are returned to them after all non-defaulted participants receive
credit and the group is dissolved. This is costly for participants since they not only face
a large penalty on their savings, but also have to wait for their savings to be returned,
often for years. This feature was salient to participants, and consorcio participants sued
administrators (mostly unsuccessfully) questioned whether withholding their savings until

maturity violated existing laws (Superior Tribunal de Justica, 2009; Junior, 2014).

To eliminate legal uncertainty, on October 8, 2008, the federal government announced
a reform that would require changes to the timing of savings being returned to defaulted
consorcio participants.” The reform was widely discussed in the public domain.'® As a result
of the reform, groups that start after February 2009 may retain the savings of defaulted
participants only until their ticket number is drawn in one of the lotteries held to determine
the recipient of credit. In expectation, participants have to wait for their savings to be
returned half as long after the reform compared to before the reform. This significantly

reduced the expected costs of default during the savings period.!!

To test whether the reduction in expected default costs during the savings period after the

9The specific law is 11,795/2008, available at https://www.planalto.gov.br/ccivil_03/
_ato2007-2010/2008/1ei/111795.htm.

0For instance, Junior (2014), Menezes (2009), Costa (2009), and dos Santos and Rebelatto (2009).

11 A back-of-the-envelope calculation shows that the regulatory change led to a 24% decrease in the effective
penalty rate. Consider a typical consorcio with a 38-month duration and a 25% withdrawal penalty. Assume
a member discount rate of 2% per month, based on the average annual interest rate of 24% for car loans (see
Table 1). Under the previous regulation, where the proceeds saved are returned at the end of the group, the
effective penalty for a member dropping out after 12 months is calculated as 7 = 1 — (0.75/(1.02)2%) = 55%
(i.e., after 26 months). After the regulatory change, the proceeds are returned when the member is randomly
chosen (on average after 13 months), resulting in an effective penalty rate of 7 =1 — (0.75/(1.02)'3) = 42%.
This represents a 24% decrease in the penalty.
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reform affected selection into consorcios, we start by plotting withdrawal rates for consorcio
participants during the savings period around the reform in Figure 4. Consistent with lower
cost of default, we observe that withdrawals during the savings period sharply increase after
the reform. While this evidence is consistent with worse selection after the reform, it is also
conceivable that lower default costs lead to higher moral hazard during the savings period.
Put differently, higher withdrawal rates after the reform may simply reflect lower expected

costs of default during the savings period.

Next, we examine how the regulatory change affected observable borrower characteristics
and realized default rates. In addition, we use bank loan borrowers as a control groups to
account for potential unrelated changes in borrower characteristics and realized default rates

in the time-series around the reform. Specifically, we estimate
Yi = Qe+ Qe + 0 - Consorcio; - Post; + €;, (11)

where y; is outcome of interest for contract ¢ that is either issued by a bank or a consorcio
in month t. Consorcio; is a dummy variable that takes the value one for consorcio contracts
and zero for bank loans. Post; equals one for the post-reform period from February 2009 to
February 2010 and zero for the pre-reform period from February 2008 to January 2009. The
municipality by consorcio (o) fixed effects absorb time invariant differences among consor-
cio and bank participants within a municipality, and municipality by time (o) fixed effects
ensure we compare outcomes for consorcio participants and bank borrowers for contracts
issued in the same municipality and the same month. The coefficient of interest is d, which

measures the effect of reducing the cost of default during the savings period in consorcios.

The results are reported in Table 4. We find that observable characteristics of consorcio
participants deteriorate relatively to bank borrowers after the reform. Specifically, consor-
cio participants experience a relative drop in formal employment by 3.7 percentage points
(columns I), a 0.4 percentage point higher increase in the likelihood of being in default on a
current bank loan (column IT), a 0.4 percentage point increase of having been in default on
a bank loan during the past five years (column III), and a 10.3 percent relative increase in

their credit risk measure (column IV).

On examining changes in realized default rates around the reform in column V, we find
that consorcio participants experience a 2.5 percentage point higher increase in default rates

after the reform relative to bank borrowers. In Figure 5, we plot quarter-by-quarter estimates
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of differences in realized default rates for consorcio participants and bank borrowers around
the reform. While we observe parallel trends in default rates for contracts signed up to the
reform, we observe a significant relative jump in realized default rates for consorcio contracts
signed after the reform. This suggests that the increase in realized default rates is driven
by the regulatory change rather than being a result of time-series trends in default rates for

consorcio participants relative to bank borrowers.

Together, the evidence from the regulatory changes suggests that reducing the expected
costs of default during the savings period leads to more adverse selection into SCCs, con-
sistent with the predictions of the model. Higher realized default rates also suggest that
the effects around the reform is not driven by changes in moral hazard during the savings
period. If agents are more likely to withdraw during the savings period after the reform
because default is less costly, we should not expect to see higher default rates after credit is
allocated, since there is no variation in default cost and moral hazard after receiving credit

around the reform.

Dynamic Screening and Moral Hazard Another implication of our model is that the
pool of participants increases over time as lower quality borrowers are more likely to experi-
ence a liquidity shock in a given period and therefore exit the pool of prospective borrowers
earlier at a higher rate. So examine this dynamic screening feature of SCCs, we plot the
withdrawal rate (blue plot) and default rate (red plot) over the following 12 months condi-
tional on the number of months that have passed since the consorcio started operating in
Figure 3. For example, the values for ¢ = 12 are the withdrawal and default rates over the
next 12 months, respectively, for individuals that do not or do obtain credit through a credit

lottery 12 months after the consorcio started operating.

We find that both withdrawal and default rates decline quite steeply in the beginning
with the decline slowing down over time as predicted by the model. Intuitively, the dynamic
screening effect weakens over time, since the lowest quality borrowers are more likely drop
out early leading to lower heterogeneity in types of remaining participants over time reducing

the strength of the dynamic screening effect.

Our model also predicts that moral hazard is higher during the savings period compared
to the credit period, for example because default during the credit period leads to individuals

obtaining a default flag on their credit history making access to future credit harder, whereas
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this does not apply to withdrawals during the savings period. Consistent with this argument,
we observe lower default rates for loans relative to withdrawal rates even though at a given
point in time the lottery winner is drawn from the same pool of participants that remain

savers.

6 Conclusion

In this paper, we explore a contract design — savings-and-credit contract (SCC) — that reduces
information asymmetry in lending by providing the opportunity for high-quality borrowers
to signal their type. The main feature generating a separating equilibrium is a mandatory
savings period with a high penalty for default before providing credit. We show that an SCC
design can expand access to credit and dominate classic loan contracts in the presence of
information frictions. We also show that an SCC is a more efficient separating device than
a single down payment in standard spot loans, since for bad borrowers committing to the

savings period adds additional exposure to costly default risk.

We provide empirical support for the predictions of the model using data on consorcio
participants and bank borrowers in Brazil. Comparing bank borrowers’ and consorcio par-
ticipants’ observable characteristics in the cross section, we show that consorcio participants
appear riskier than bank borrowers along a broad range of characteristics. Notwithstanding,
default rates for consorcio participants are about 5 percentage points lower than for bank
loans. Together, this suggests that consorcios manage to identify safer borrowers among the
pool of observably riskier borrowers. To isolate the role of the penalty during the savings
period, we exploit a regulatory reform that changes the expected default cost associated with
the default penalty. We find that the relative quality of consorcio borrowers declines when
the default penalty is lower both in terms of observable characteristics and realized default

rates.

Signaling through SCCs is most valuable when borrowers face higher real interest rates or
when there is more unobservable information, which often applies to financial markets in mid-
income and developing countries with sparse information environments. Thus, innovation
in contract design may help to allocate credit to individuals with profitable investment
opportunities more effectively. Consistent with the view, features of SCC design exist in

a wide range of mid-income and developing countries, such as Brazil, Cambodia, China,
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Colombia, India, Mexico, Nigeria, South Africa, or Turkey. This suggests that SCCs are
an effective tool to improve financial intermediation and expand credit to a broader set of

otherwise underserved households.

While the literature on RoSCAs primarily emphasizes the role of social capital, we focus
on the positive selection effect of a default penalty within a combined savings-and-credit
contract. Our analysis suggests that the expected cost of default during the savings period
contributes to positive selection into RoSCAs, helping to explain why they attract low-risk
individuals (Levenson and Besley, 1996) and can offer lower interest rates (Kapoor et al.,

2011), similar to our findings for Consorcios.

While we do not explore the role of SCC design as a commitment device to saving, in
principle, the SCC design may generate savings incentives for individuals who struggle to
commit to saving in the absence of strong incentives (Laibson, 1997; Karlan, Ratan, and
Zinman, 2014; Ericson and Laibson, 2019). While in theory there should be strong demand
for contracts that help solving commitment problems, little take-up has been documented
in practice (Laibson, 2015) and evidence on whether such contracts can improve welfare is
mixed (Allcott et al., 2021; Carrera et al., 2021). A design that provides better incentives
to overcome present-bias problems, for instance, via long-term contracting (Gottlieb and
Zhang, 2021), may improve take-up and welfare effects. Whether SCC design is successful
at solving commitment problems and can enhance welfare for present-biased individuals is

an interesting question for future research.
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Figure 1: Model Timeline
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Figure 2: Predicted and Realized Default Rates
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This figure depicts the kernel density plots of predicted default rate (left axis) and realized default rates
(right axis) separately for bank loans (blue) and consorcio borrowers (orange) for each of the 100 equally-
spaced default rate bins (x-axis). Default is predicted following the default model in equation (10). The
dashed lines depict realized default rates for bank loans (yellow) and consorcio borrowers (green).
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Figure 3: Dynamic Screening
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The figure plots the 12-month forward withdrawal rate (left axis) and default rate (right axis) against months
since consorcio group inception. The withdrawal rate at month t is the fraction of members who are still
in the savings period and have not yet received credit that withdraw over the subsequent 12 months. The
default rate at month t is the fraction of members who have already received credit and are not in default

that default over the subsequent 12 months.

Figure 4: Withdrawal Rates During Savings Period Around the Reform

0.30

0.25 r_\’_

0.20

P|Exit]

0.15

0.10

Before the Reform After the Reform

0.05
-1 0 1 2 3

4 3

Quarters Relative to Reform

The figure depicts the fraction of people who withdraw during the savings period in consorcios in a given
quarter from February 2008 to February 2010. The x-axis shows the distance to the reform in quarters,
where 0 is the quarter when the reform first applies (February to April 2009).
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Figure 5: Realized Default Rates Around the Reform
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This figure depicts the differences in realized default rates for consorcio borrowers relative to bank loans
estimated in equation (11) with 95 percent confidence bounds and normalized to zero in the quarter before

the reform. The x-axis depicts the distance to the reform in quarters, where 0 is the quarter when the reform
first applies (February to April 2009).
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Table 1: Descriptive Statistics

Consorcios Loans (Banks) Difference

Panel A: Individual Characteristics

Male 0.69 0.68 -0.01
Age 35.01 39.68 4.67
Formal employment share 0.42 0.59 0.17
Currently in default on a bank loan 0.067 0.039 -0.028
Default on a bank loan in past 5 years  0.049 0.025 -0.024

Panel B: Contractual Characteristics

Value good (BRL) 29,414 23,144 -6,270
Loan (BRL) 12,535 17,658 5,123
LTV 0.395 0.791 0.396
Maturity 38 43 5
Interest rate (implied) 0.16 0.24 0.08
Withdrawal rate 0.24

Default rate 0.066 0.090 0.024

This table provides descriptive statistics on individuals and credit contracts. Panels A provides descriptive
statistics on individuals separately for consorcio participants and bank borrowers as well as the differences
between them. Panel B provides contract characteristics and outcomes separately for consorcios participants
and bank borrowers as well as the differences between them.

Table 2: Observable Characteristics

1 11 I11 v \Y VI VII
Dep. Var.: Formally Employed; Default  Default  Credit
Currently; Past b yrs;  Risk;
Consorcio; S0.171FFF 20.194%%* _(0.143%** _0.148*** (0.019***  0.013*** (.124***
(0.009)  (0.009) (0.008) (0.008) (0.001) (0.001) (0.008)
Month-Municipality FE yes yes yes yes yes yes yes
Month-Colat val. dec. FE yes yes yes yes
Contract-level controls
Total credit yes yes yes yes yes yes
Maturity yes yes yes yes yes yes
Month-LTV dec yes yes yes yes yes
Clustered SE muni muni muni muni muni muni muni
Observations 3,998,993 3,956,788 3,956,788 3,194,796 3,194,796 3,194,796 2,976,424
R? 0.049 0.096 0.133 0.106 0.034 0.030 0.083

This table shows the results from estimating equation (9) where the dependent variable is a dummy variable
that equals one if individual 7 is formally employed and zero otherwise in columns I through IV, a dummy
variable that equals one if individual ¢ is currently in default on bank credit in column V, a dummy variable
that equals one if individual ¢ defaulted on bank credit contract within the last five years in column VI, and
the credit score estimated in equation (10) in column VII. Consorcio; is a dummy variable that equals one for
consorcio contracts and zero for bank loans. Total credit and Maturity are the credit volume and maturity,
respectively. Standard errors are reported in parentheses. The bottom of the table provides information on
fixed effects and the clustering of standard errors. *** denotes statistical significance at the 1% level.
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Table 3: Realized Default Rates

I 11 111 v \Y VI VII VIIT
Dep. Var.: P[Default;]
Consorcio; -0.015%*%* _0.032%F* _0.059*** _0.053*** -0.058*** -0.055%** -0.054*F* _0.048%**
(0.003) (0.004) (0.004) (0.004)  (0.002)  (0.004) (0.004) (0.002)
Month-Municipality FE yes yes yes yes yes yes yes yes
Month-Colat val. dec. FE yes yes yes yes yes
Contract-level controls
Total credit yes yes yes yes yes yes yes
Maturity yes yes yes yes yes yes yes
Month-LTV dec yes yes yes yes yes yes
Ex-ante controls Employed DefCur Defbyr CrRisk
Clustered SE muni muni muni muni muni muni muni muni
Observations 3,980,198 3,956,788 3,194,796 3,194,796 3,194,796 3,194,796 3,194,796 3,194,796
R? 0.036 0.132 0.077 0.083 0.084 0.085 0.084 0.115

This table shows the results from estimating equation (9). Consorcio; is a dummy variable that equals
one for consorcio contracts and zero for bank loans. Total credit and Maturity are the credit volume and
maturity, respectively. Employed is a dummy variable that equals one if individual ¢ is formally employed
and zero otherwise, DefCur is a dummy variable that equals one if individual ¢ is currently in default on a
bank credit contract, De f5yr is a dummy variable that equals one if individual i defaulted on a bank credit
contract in the last five years in, CrRisk is the credit score estimated in equation (10). Standard errors are
reported in parentheses. The bottom of the table provides information on fixed effects and the clustering of
standard errors. *** denotes statistical significance at the 1% level.

Table 4: Regulatory Constraints

I 11 111 v \Y
Dep. Var.: Formally Default Default Credit P[Default;]
Employed; Currently; Past 5 yrs; Risk;

Consorcio; * Post, -0.037%*%F  0.004** 0.004%*  (0.103%F*  (.025%**

(0.006) (0.002) (0.004) (0.012) (0.004)
Observations 4,018,126 4,018,126 4,018,126 3,778,051 3,999,403
R? 0.056 0.031 0.029 0.061 0.041
Month-Municipality FE yes yes yes yes yes
Consorcio-Muni FE yes yes yes yes yes
Clustered SE muni muni muni muni muni

This table shows the results from estimating equation (11) where the dependent variable is a dummy variable
that equals one if individual i is formally employed and zero otherwise in columns I, a dummy variable that
equals one if individual ¢ is currently in default on bank credit in column II, a dummy variable that equals
one if individual ¢ defaulted on bank credit in the last five years in column III, the credit score estimated in
equation (10) in column IV, and a dummy variable that equals one if the contract defaults and zero otherwise
in column VI. Consorcio; is a dummy variable that equals one for consorcio contracts and zero for bank
loans. Post; equals one for post-reform period after February 2009 and zero before. Standard errors are
reported in parentheses. The bottom of the table provides information on fixed effects and the clustering of
standard errors. *** and ** denote statistical significance at the 1% and 5% levels, respectively.
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Appendix A. Proofs

Appendix A.1. Proof of Lemma 1

First consider the simplified problem of maximizing agents welfare, subject to the feasibility

constraints and the lender’s break-even constraint (CC):

malemize Ug (s,d,p|T)

87 7p
subject to Iy (s, d,@T) >0 (CC)
SZOaS_w()vaOapSp

Our analysis demonstrates that the solution of this problem is the loan contract d = d, and
p = p, and thus, expanding the contract space to include SCC does not enhance borrower

utility under full information.
Consider the Lagrangian
L=Uy(s,d,p) + My (s,d,p) — Xa(p — D) + Aas.

By the Karush-Kuhn-Tucker (KKT) theorem, there exist Lagrange multipliers Aj, Ay, A3 > 0
for the three inequalities above so that the three FOCs hold:

OUq (s,d, p) Oy (s,d, p) ds
0s A 0s s ds 0
aUH <Sadap) 81_[9 (Sadvp) _
od Mg =0
d I1 d —
Uy (s.dp)  \ OMy(s,dip)  \ D(=p) _ |
op dp Op

The complementary slackness conditions are:

/\1H9(87d7p> =0
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The three FOCs simplify to

9s + 1—=0)BA—-7)=14+M(—1=0)1=7)4+1)+X3=0
ap = =08+ —X=0=XN=0F(1-p5) >0

Solving the first FOC yields
Aa=1-(1-0)p(1-7)-B1-(1-0)(1-7))=1-5.

Thus Ay = 8> 0, Ay = 0*8(1—3) >0, and A3 = 1 — 3 > 0, and from the three comple-
mentary slackness conditions, s = 0, p = p, and Il (s = 0,d, p) = 0, which implies d = d,.

Therefore, the loan contract with d = d, and p = p is the unique solution to the problem.

The maximum agent 8 utility, is therefore
U (dg,p) := 0B (05 (v —p) — dy)
Replacing the value of dy := I — (0p+ (1 — ) J) we get that

I—-9
(1=5)(p—9)+ pv

Up (dy, p) > 0 if and only 6 > 0 =

which completes the proof.

Appendix A.2. Proof of Proposition 1

The Pareto-dominant separating equilibrium is obtained by maximizing the utility of the high
type subject to the lender breaking even (CC) and the incentive compatibility condition (IC),
that the low type does not prefer the high type loan compared to his full information loan,
p;=pand dy =1—(6,p+ (1 —6,)9).

Consider the problem

mayfiimize Uy, (d,p)

»

subject to Iy, (d,p) > 0 (CC) -
Uy, (d,p) < Uy, (d?,p?) :yez (IC)
d=20,d<y,p=0,p<p
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Disregard the constraints on d and p momentarily, and consider the maximization just
with constraints IC and CC. Both of these constraints must bind at the optimum. Indeed,
by the KKT theorem, there exists Lagrange multipliers A;, Ay > 0 for the two inequalities
above so that the two FOCs,

9Uy, (d, p) Iy, (d,p) Up, (d,p)
od Mo M oa Y
dp dp dp

and the two complementary slackness conditions hold:

Mg, (d,p) = 0
)\2. (Ugl (d,p) — Ugl> = 0

The two FOCs simplify to

ad L= (Hhﬁ) + Gh)\l + )\2 (956) =0
Op = —(0nB)° + Ohh + N2 (6,8 =0

which has the unique solution

2

M = 5255 (0n —6) > 0

92
Yo = ganegey (1= 5) >0

Thus, both inequalities bind at the optimum.

Therefore, the solution of the optimization is just obtained by solving the system of linear

equations:

H0h (d7p> - O
U91 (dap) = [?91 = Uez (le,p;) .

which yields explicitly:

0.8 (p; — V) (0n — 01)

(p; — V) (6n — )
On — B0, '

Bt b — B

and pj, = p; —
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Notice that the solution is such that p; < p; and d; > dj, thus the constraint p; < p,
also holds. Finally, the income in period ¢t = 1 need to be high enough y; > d}, for the high
type to be able to separate.

Appendix A.3. Proof of Lemma 2

We first show that the single-crossing-property holds in the contracting space x = (s, d, p).

The marginal rate of substitution between deposits s and down payments d or loan

payments p, defined as

(@) (@) _ 1L
os ' od 0B

MRS, = (1-B-0)(1-7)),

and between deposits s and down payments d or loan payments p,

_8U9 (x) 8U9 (33) . 1

0 _ _ _ _ _
MRS, = ——-=/ o eE (1-8(1—-0)(1-1)),
because
8U9 (l’) . 8U9 (:c) . aUg (x) .
Js ——(1—(1—9)ﬁ(1—7’)), ad ——Hﬁanda—p——HZﬁZ.

Both MRS are increasing in the type 6 because

OMRS? 1

T = @(Tﬁ+1—ﬂ)>0and
OMRS? 1

= EEose-00-)>0

Let o’ = (¢/,d,p') and z(t) = ta' + (1 — t)x, for t € [0,1].

Suppose (i) holds: s > s, d = d, and p’ < p, and that Uy (2') = Uy (x). Then for all
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g > 0 we have

L R

op dt
= /0 1 (—aUe'a(:(t» (s' =)+ —a%g}f(m - p)) dt
_ /01 ((aUe/g:(t))/ﬁUef(;;:(t)) (5 — )+ _p)) 8Uefa(;(t))) i@t

— 922 /01 <<Mngjp (s —s)—(pf —p))) dt

1
> 6’2,82/ (MRS, (s" —s)— (v —p))) dt =
0
= Ug (SUI> — U9 (%) = 0,
which implies Uy (2') > Uy ().

Suppose (i) holds: s’ > s, d < d, and p’ = p and that Uy (') = Uy (z). Then for all
0’ > 0 we have

Uy (;p’) — Uy (x) = /0 wdt _ /O (aUe/a(j(t))% n 8U9/a(§(t))%) gt

) /D (aUe,a(Sx(t)) W 6U9/a(;(t)) (- d>> dat

T /01 ((MRsfjd (s —s) — (d' —p)>> dt

> «95/0 (MRS, (s —s) — (d' —p))) dt =
= U9 (IE’) — U9 (93) = 0,

which implies Uy (2') > Uy () . The converse case §' < 6 is similar.

61



Appendix A.4. Proof of Proposition 2

Our analysis demonstrates that the menu of contracts where the high type selects x; € CUL,
solution of the maximization problem below, and the low type selects its full information

optimum z; = ;] € L is the competitive equilibrium.
Let x; be the solution of the maximization problem:

maximize Uy, (s,

r= sdp djp)
d

The first constraint is the lender breakeven constraint (CC), the second is the incentive
compatibility constraint (IC) to ensure the low-type does prefer the contract designated for
him, and the last constraints ensure that the contract specified for the high type is feasible

and belong to C U L.

Consider the Lagrangian £ and disregard momentarily the constraints on d and p :

L = U, (s,d,p) + M1y, (s,d,p) — Aa(Ug, (s,d,p) — Ug,) + X35 — Aa(s — wp).

By KKT theorem there exist Lagrange multipliers \; > 0, ¢ = 1,2,3, and 4, for the
inequalities above so that the three FOCs hold:

aUHh (Svdap> + /\10H9h (S7d7p) . )\QaUﬁl (S,d,p) + )\3 i )\4 -0
ds 0s 0s
aUeh (8’ d) p) 8H9h (87 dap> 6U91 (87 dap>
R ¥ A0 0
anh (57 d?p) + )\1 aHGh (87 d7p> _ )\2 aU@[ (37 d7p> 0
Ip dp op
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and the four complementary slackness conditions hold:

Mg (s,d,p) =
>\2- (Uel (57 d>p) - UGZ) ==
)\3.8 =

Mg (s —wp) =

o O O O

The FOCs simplify to
88 . (1—6’h)ﬁ(1—7')—1+/\1(—(1—9h)(1—T)+1)+)\2(1—(1—‘91)6(1—T))+/\3—/\4:0

8d L= (6h6> + Gh)\l + (9[ﬁ) )\2 =0
Op : — (0,8 + 02X + (0,8)* Ny =0

Solving the equations yield

_ _ B - 62
AL = 0,—B0, (Hh —(91) >0 and Ay = Wﬁﬁﬁ) (1 —ﬂ) > 0,

which shows that both the IC and CC constraints are binding.

Replacing the values of \; and ), yields

1
A=N—N3=———"—(1=0)(0,—0) (0, — BO, — 8O, + 750
4 3 Ql(eh—ﬁel)< B3) (0w 1) (On — BOn — B0, + T0,)
Taking into account that 6, = (1 — ®) 6 and 0, = 6, and that § = 113 we can simplify the
value of \ :
_ (1-75)
A= O@—(1-2)0)(O@(1-B+78)—B(1—2)0)

1= ®)0(0—5(1-)0)

) ® (P+74+5-1)
(0+1)(1—9) (P +9)

(i) Consider the case where ® +7+4 > 1:
Then the solution of the maximization problem has s > 0, and A3 = 0 and \y, = A > 0.

For any given s > 0, let d(s) and p(s) be the unique solution of the system of two linear
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equations Iy (s, d(s), p(s)) = 0 (CC) and Uy, (s,d(s),p(s)) = Ug, (z) = Uy, (1C):
On (1 — B) + 75 (6n — 01)
5010, (61 — B61)

36,0y, (0, — B6;) + 05 (1 — B) 4 7 (665 (1 — 6;) — 5267 (1 — 6y))
B8,y (0, — ;)

b = st

d(s) = d;—s[

where p; and dj, are the solution of Proposition 1. It is easy to verify that p(s) is increasing

in s and d(s) is decreasing in s, thus d(s) < d; <y, and p(s) > 0.

So far we have ignored the remaining constraints s < wg, d > 0,and p < p which we now

take into account.

Let s} is the largest value in [0, wp] such that p(s}) < p and d (s}) > 0. Note that there
is a unique solution s; because p(s) is increasing in s and d(s) is decreasing in s, and the

solution of the problem is x}; = (s}, d;, py) = (s5,d (s}),p(s})) -
(ii) Consider the case where ® + 7+ < 1:

Then the solution of the maximization problem has s = 0, and thus Ay = Oand A3 =
—A > 0. The solution of the maximization problem is the same as in Proposition 1 with

xy = (0,d3,py) , the unique solution of the system of two linear equations Ily (0,d;,p5) =0
(CC) and Uy, (0,d3,p5) = Uy, (z) = Uy, (IC).

Appendix A.5. Proof of Proposition 3

We showed in the previous proposition that when ® + 7 + 6 > 1 the solution is z} =
(sh, d5. 0y) -

Let Ap = p; — pj, and Ad = d;, — dj,, where

O (1= B)+ 78 (0, —0)
Ap S}, { 50,0, (6n — B6)) nd
Ad — —g [ﬁezeh (0, — B0) + 03 (1 — B) + 7 (863 (1 — 6;) — 5267 (1 — 0y,))
' 56,6, (61— 561)
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The welfare gain is AUy, = Uy, (z},) — Uy, (7}) , where

Ug, (z7) = OB OB (v—p;)—d;)+(1—60,)B(1—7)s; — s, and
Us, (z1,) = OuB(0nB (v —py) —dj).

Thus
Us, (z7,) — Us, (73) = —O0nB (0nBAp + Ad) + (1 — 0,) B (1 —T) s}, — 55,

Subsitituting the expressions above for Ap and Ap, after simplifying, yields:

(1-5)

U, (x3) — Us, () = s}, X 01 (6r — B6)) (O, — 01) (0 — B8O, — BO, + 7/30;)
Taking into account that 6, = (1 — ®) 6 and 0, = 0, and that § = 1—_1H5 we can further simplify
to get
. o . 4] o d+o+7—-1
U 03 = Un, () =i x 15 (g ) (P ) >0

We note that an alternative shorter proof can be obtained from the fact that the la-

grangian multiplier A4 of constraint s < wy is
)\_aUgh_ ) d (I)+5+7'—1
T wy  14+46\1- ®+0
To prove the monotonicity of the welfare gain, consider the function

wen = (15) () (M)

Both derivatives 8H8($’5) > (0 and 8Hé§”5) > () are strictly positive. Indeed all the functions
in parenthesis are increasing
() 1 a0
0P (1—d) (0+1)
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and

o) (M) 1or

9o 00 (® +6)°

Therefore, the welfare gain is stritcly increasing in both ® and 6.

Appendix A.6. Proof of Proposition 4

The withdrawal rate among the fraction A of high-type agents and the fraction (1 — \) of
low-type is given byThe implied withdrawal rate is:

ho =A(1—0,)+(1—\)(1—6).

After withdrawal the remaining population is A0, + (1 — A) §;. Among the Ad;, high types not
withdrawing, (1 — 6;,) A0, defaults, and amAmong low-type borrowers, a fraction (1 — \)6,
continue in the contract without withdrawing. Of these, a share (1 —6;)(1 — A)6; ultimately
default. Therefore the default rate is The implied default rate in the pooled population is:

(1—=0,) N0, +(1—6,) (1 —N)6,

ha = A0, + (1= \) 6,

The withdrawal rate is higher than the default rate

hy > hy
because
(6n — 61)°
hy —hg=X(1—-A > 0.
1= Al )61+/\(9h—0l)
After one period, the share of high types increases from A to m, and as time pro-

gresses, most of the remaining population will consist of high types as this effect compounds.

For example, during the n-th period the fraction of high types among those who remain is
07
>\6,’;+(1}i)\)01" g
dominated by high types, and the default rate converges to that of high-type borrowers,

1— 6.

which converges to one as n — oo. Thus, over time, the population becomes
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Appendix A.7. Proof of Proposition 5

The lender has a U-shaped quadratic profit function
Ho(x) =(p—NO* -~ T -9 —d—s(1—7))0+sT

p — v > 0, and the product of the two roots is equal to s7 > 0. The minimum of the profit
function is
1
Opin () = —— ([ -0 —d—s(1—7
@) = 5537 (1-7)
The quadratic profit function is decreasing below the minimum point 6,,;, () and necessarily

has a root 6, (z) € (0,1) below this minimum point

(I—0—d—s(l—7) /U -0—d—s(1—7)*—4(p—0)sr
2(p—17)

0y (x) =
and 6, is the largest root with positive derivative.

Appendix A.8. Proof of Proposition 6

The behavioral types é\z mistakenly make the same choices as the high type 8,. Therefore,
among the borrowers choosing a contract offered to the high type, there are (1 —¢)u strategic
high types and e behavioral types. The lender’s profit in the presence of behavioral types is
given by:

115, () == (1 — e)plly, (z) + llz ().

Lenders in a competitive market break even, and the Pareto-dominating competitive
separating equilibrium maximizes utility for both low and high types, subject to the lender’s
break-even (CC) and incentive compatibility (IC) constraints. Let &, be the solution to the
following program, in which the only difference from the earlier case is that the lender’s

profit function is now IIj (z):

maximize Up, ()
z=(s,d,p)eCUL

subject to Uy, (x)
1, (z)
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The utility U, attained by the high type in the presence of behavioral types is at least
as high as the utility without behavioral types, i.e., Uy, (x}), since the contract zj from
Proposition 2 satisfies both constraints. The lender’s profit constraint with behavioral types
is

(1~ ©)ully, (a7) + 1Ty () = Ty (z) >

because Iz () > 0 for all 0, < 0,(x7).

However, zj is no longer an equilibrium contract because lenders make strictly positive
profits:
o, () = ellg (z3) > 0,

and can thus offer a more attractive contract Z; in equilibrium. As in Proposition 2, the
equilibrium contract must satisfy the lender’s break-even condition with equality, and the

optimal contract delivers strictly higher utility to the high type.

Moreover, the optimal solution z; must be an SCC contract rather than a loan contract.
To see why, suppose we solve the same maximization problem above while restricting the
contract space to loan contracts, i.e., x € L. In this case, the presence of behavioral types

would reduce the high-type’s utility, since:
o, () = (1 = )ully, (x) + ellg (x) < (1 —&)ully, (2),
because Il (x) < 0 for all loan contracts given that 0, < 0,.

Given that when ® + 6 + 7 > 1, we have:
Us,,(&n) > Us, (x3) > Uy, (7)),

the resulting welfare gain from using SCC contracts rather than loans increases even further

in the presence of behavioral types.

Appendix A.9. Proof of Proposition 7

We solve the agent’s problem by backward induction.

Credit Phase (t = 2): At the credit stage, the agent chooses effort 5 to maximize:

max feg(v —p) — (1 — Oeg)p — c(e9),
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where the cost of effort is ¢(e3) = §(e5 — 1)®. The first-order condition (FOC) is:
O(v—p+¢) —rea =0,
which yields the unique optimal solution:

., 0
52:E(U—p+¢)~

Saving Phase (¢ = 1): Let v; denote the continuation value from period 2:
vy = Oe5(v —p) — (1 = Oe3)p — c(e3).
The agent chooses £ to maximize:
max B20e1v5 + B (1 —021)(1 — 7)s — O21d — c(e1)] — s.
The corresponding FOC is:
BOvy —0(1 —7)s — 0d — key =0,
which implies the optimal effort level:

0
Sf:;(ﬁv;—d—(l—r)s).

Note that €] > 0, since otherwise the agent would prefer to withdraw and obtain (1 —7)s
rather than continue and receive a net continuation value fv; — d.
Comparing Efforts: The next result establishes that 5 > €. First, observe that:
v—p > g =0ey(v—p) — (1— 05 — cle}),

so:
v—p > Pus.
Since ¢ > 0 and d + (1 — 7)s > 0, it follows that:
v—p+e>pvy;—d—(1—71)s,
which implies:

* *
€9 > €7.
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Alternative Specification: Now consider the case in which success probability is type-

independent and given by 0 + ¢, with cost ¢(e;) = 5e7. The agent’s utility is:
Ug(S,d,p | 61,62) =—Ss+ ﬁ [(1 — (0 + 51))(1 - T)S — (Q + 81)d - %Ii&ﬂ

+ 820 +e1) [(0+e2)(v—p) — (1 — (0 +2))p — §res) .

A similar derivation yields:

31:E(5U2_d_(1_7)5)7 52:E(U_p+90)7

where
vy = (0 +e3)(v—p) — (1= (0 +¢5))p — 3r(e3)”.

By the same reasoning as above, it follows that 5 > e7.

70



	Introduction
	Theory
	The Model
	Full Information Case: Benchmark
	Equilibrium Concept under Asymmetric Information
	Equilibrium with Loan Contracts
	Equilibrium with Savings-and-Credit and Loan Contracts
	Dynamic Screening and Penalty Profits
	Equilibrium with Behavioral Types
	Moral Hazard During Saving and Credit Phases

	Institutional Setting and Data
	Consumer Lending and Consorcios in Brazil
	Data
	Consorcios as Random Multi-period SCCs

	Empirical Predictions
	Empirical Analysis
	Conclusion
	Proofs
	Proof of Lemma 1
	Proof of Proposition 1
	Proof of Lemma 2
	Proof of Proposition 2
	Proof of Proposition 3
	Proof of Proposition 4
	Proof of Proposition 5
	Proof of Proposition 6
	Proof of Proposition 7


