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Abstract

Despite the expansion of microcredit access, its outreach is still limited among farmers. One po-
tential cause is a timing mismatch between cash flow and credit flow. Farmers have little income
until their harvest is realized, while standard microcredit requires weekly installment payments.
This mismatch causes underinvestment and borrowing for repayment, resulting in lower uptake
rates. Furthermore, agricultural investment is sequential, while credit is disbursed as a lump
sum. Present-biased (PB) farmers may fail to set aside sufficient money for later investment. To
test these predictions, we conducted a randomized control trial modifying standard microcredit
targeted at tenant farmers by setting repayment schedules to one-time repayment after harvest
and making loan disbursement sequential. Discarding weekly repayment increased uptake and
borrower’s satisfaction without worsening repayment rates. Sequential disbursement increased
later investments among PB borrowers and reduced loan sizes. We attribute the loan size re-
duction to the option value: Sequential disbursement allowed borrowers to adjust the total loan
size after observing credit demand shocks, eliminating the need for precautionary borrowing.
Calibrated models are used to evaluate counterfactual credit designs, showing that letting bor-
rowers set the credit limit is beneficial for PB borrowers, while credit lines will be suboptimal

for PB borrowers.
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1 Introduction

Boosting agricultural production is a prerequisite for poverty reduction because agriculture is the
primary source of income for poor households (Christiaensen et al., 2011). Financial inclusion has
the potential to increase productive investment, but many farmers lack adequate access to credit
owing to a lack of collateral. Although the expansion of microcredit programs has greatly improved
financial access among the poor without collateral, they have limited reach among farmers.!

The low uptake of microcredit among farmers can be partly attributed to the mismatch of
the timing between cash flow and credit flow. Farming does not generate income until harvest
and requires sequential investment over the production cycle such as land preparation, sowing,
irrigation, and fertilizers. Standard microcredit, on the contrary, requires frequent installments
under which farmers need to repay part of the debt before harvest. This timing mismatch of cash
inflow and credit outflow will be serious for farmers cultivating crops with long growing seasons.?
Another mismatch is between cash outflow and credit inflow. Typically, loans are disbursed in a
lump sum, and farmers need to set aside part of the disbursed fund for later investment, which may
be difficult for present-biased (PB) farmers (Ashraf et al., 2006; Duflo et al., 2011). These timing
mismatches may reduce the benefit from using microcredit, resulting in low uptake rates among
farmers.

This study explored better microcredit contract designs by eliminating this timing mismatch.
Using a simple multi-stage model, we first showed the cost of the timing mismatch: Requiring
installment payments before harvest, as is the standard practice in microcredit, will not only
cause underinvestment due to its high effective interest rate but also induce extra borrowing for
repayment, resulting in lower uptake rates. Furthermore, PB borrowers prefer to lower the amount
of initial disbursement to constrain their overconsumption and increase later investments. To
empirically test these predictions, we randomly offered a credit contract to rice-growing farmers in
rural Bangladesh, most of whom were sharecroppers without collateral land assets. Our treatment
arms included four types of contracts that differ in timing of disbursement and repayment: (T1)
traditional microcredit with a lump-sum disbursement and weekly installments; (T2) crop credit
with a lump-sum disbursement and a lump-sum repayment after harvest; (T3) sequential credit
with sequential disbursement and a lump-sum repayment after harvest; and (T4) sequential in-

kind credit, which is a variant of (T3) with a part of the loan disbursed in kind to strengthen

!One exceptional study that found a high uptake rate among farmers is that of Fink et al. (2020), who also found

significant impacts on on-farm labor and agricultural output.
2By cultivating multiple crops that differ in the timing of their harvest, farmers can generate frequent income

flows. However, many smallholder farmers grow a single crop on their plot at a given period for production efficiency,

and would therefore need non-farm income to repay the debt before harvest.



the borrower’s commitment by reducing liquidity. We found that changing the repayment timing
(T2-T4) substantially improved the uptake rates, especially among poor households. Sequential
disbursement (T3 and T4) increased the investment among PB farmers, though it did not increase
the uptake rate relative to T2 even among the PB farmers. These modified schemes (T2-T4) did
not worsen the repayment rates and resulted in greater satisfaction and higher uptake rates in the
subsequent season.

Interestingly, sequential credit (T3-T4) resulted in smaller loan size by 7%—12% compared to
traditional microcredit (T1) and crop credit (T2). We attribute this reduction of the loan size to the
option value of the sequential disbursement: Borrowers can decide the total loan size after observing
credit demand shocks, which reduces precautionary borrowings. The effect of the option value on
loan size, in general, is ambiguous depending on the nature of shocks. To confirm if the option
value of the sequential disbursement tends to lower loan size, we incorporated productivity and
expenditure shocks to the baseline model and conducted simulation analysis. Under the plausible
parameter values, we found that the sequential disbursement will reduce the loan size through the
reduction of precautionary borrowing and improve borrowers’ welfare. We also used the calibrated
model to evaluate two counterfactual credit products: sequential credit with self-set limit (SC-SSL)
and credit lines (CL). The SC-SSL lets borrowers set the credit limit when applying for the credit,
which provides additional commitment. CL allow the borrowers to borrow flexibly at any time
within the limit. These two products are similar in terms of reducing the precautionary borrowing
but differ in its commitment function. We found that the SC-SSL ensures greater expected utility
than sequential credit for sophisticated PB borrowers and still works well even for partially naive PB
borrowers. CL, on the contrary, achieve greater investment and profit, but result in lower expected
utility than sequential credit, and in some cases, than crop credit. This last point suggests that
investigating the impact on production is not sufficient to consider a desirable credit design.

Our study is related to emerging literature on the introduction of flexibility in microcredit,
including less frequent installments (Field and Pande, 2008), longer grace periods (Battaglia et
al., 2023; Field et al., 2013), flexible repayment schedules (Barboni and Agarwal, 2021; Czura,
2015; Shonchoy and Kurosaki, 2014), changing the timing of credit provision for farmers to sell the
harvest when price increases (Burke et al., 2019), and providing credit lines to allow borrowers to
withdraw or repay a flexible amount at any time (Aragén et al., 2020). It also contributes to the
literature on the commitment device for PB individuals (Ashraf et al., 2006; Brune et al., 2021;
Casaburi and Macchiavello, 2019), and the argument of commitment versus flexibility (Amador et
al., 2006; John, 2020)

We extend this literature in several ways. First, we formalize the problem of the timing mis-

match of cash flow and credit using the dynamic model of investment and consumption: the



frequent installment causes underinvestment and borrowing for repayment, and the lump-sum dis-
bursement causes overconsumption for PB borrowers.? Karlan and Mullainathan (2010) argued
that the standard weekly repayment “greatly limits the size of the loans the poor can borrow ...
by basing borrowers’ repayment capacity on bad weeks, instead of average weeks,” but we showed
that it may conversely increase the loan size for farmers as they borrow for repaying installments
to smooth consumption. Our model can also explain the positive impact of introducing a grace
period on the investment amount found by Field et al. (2013).

Second, we introduce the commitment and flexibility by modifying the disbursement schedule.
Existing studies of microcredit contract mainly focus on the repayment schedule (Afzal et al.,
2019; Bauer et al., 2012; Battaglia et al., 2023; Fischer and Ghatak, 2016). However, the issue
of commitment and flexibility in financial decision making is about managing available cash at an
appropriate level at each period of time, and both the disbursement schedule and the repayment
schedule can affect the level of available cash through credit inflows and outflows.* For borrowers
who invest in stages, such as farmers, sequential disbursement is an effective way to provide both
commitment and flexibility: commitment can be provided by reducing early disbursements, and
flexibility can be provided by allowing the loan size to be adjusted in later stages. We found
that sequential disbursement increased later stage investment among PB borrowers through its
commitment function. Furthermore, its flexibility can induce the level of investment to be optimal.
We contrast the benefits of commitment and flexibility for PB borrowers using simulation. The
additional commitment by the SC-SSL improves the borrower’s welfare,® but flexibility without
commitment, as in the CL, may worsen their welfare.

Third, we demonstrated the importance of precautionary borrowing when considering the credit
contract design. Understanding the precautionary borrowing motives provides a new lens to eval-
uate the value of credit access. Most credit programs provide additional loans after the repayment
of the outstanding loans. Hence borrowers face credit constraints after receiving the initial dis-
bursement, which induces them to borrow additional amounts for precaution. This precautionary
borrowing can be reduced by ensuring access to additional funds after the disbursement, as in our
sequential credit product. The mere existence of emergency loans, or additional credit sources, or
allowing additional borrowing before the full repayment as in CL, can also reduce the precautionary

borrowing.® While the literature on precautionary saving is extensive (Caballero, 1990; Carroll and

3Das et al. (2019) and Hossain et al. (2019) evaluated credit programs targeted at sharecroppers in Bangladesh as

ours, but they employed the standard microcredit with monthly installments and a lump-sum upfront disbursement.
4Chowdhury et al. (2014) argued the advantage of sequential credit in the context of joint liability, but their focus
was on preventing coordinated default, not on the commitment or flexibility.

5While costly commitment may reduce the welfare of partially naive PB borrowers (John, 2020), the commitment

in the sequential disbursement (lower early disbursements) only imposes constraints and will not be harmful.
S Aragén et al. (2020) studied credit lines but assumed risk-neutral agents, which eliminates precautionary motives.



Samwick, 1998; Kimball, 1990), only a few studies shed light on precautionary borrowing (Alan et
al., 2012; Druedahl and Jorgensen, 2018) and focus exclusively on financial crises in which house-
holds increase current borrowing due to uncertainty in future credit supply. In contrast, we focused
on precautionary borrowing due to uncertainty in future credit demand, which is more common
and has implications for the desirable design of credit contracts.

While our experimental context involved crop farmers, our arguments on the timing mismatch
between cash flow and credit flow, the role of commitment and flexibility through disbursement
schedules, and the importance of precautionary borrowing are applicable beyond agricultural set-
tings. The desirable credit scheme should resolve the timing mismatch for potential borrowers,
allowing additional funds for future shocks and sequential investment needs while providing com-
mitment functions. There is no one-size-fits-all credit design, and our theoretical framework will
help design desirable contracts for potential borrowers with irregular income and sequential invest-
ment needs.

The next section provides the baseline model that motivates our interventions. Section 3 illus-
trates the local context and experimental and survey settings, followed by empirical results. Section
5 extends the baseline model by introducing uncertainty to argue the option value and provides

numerical simulations. Section 6 concludes.

2 Conceptual Framework

Agricultural production is characterized by sequential investments and infrequent income, typically
realized only after harvest. In the case of rice production, farmers prepare and seed the land at
the beginning of the planting season. Upfront investment is required for purchasing seed, land
tillage, leveling, irrigation, and basal fertilizer (first fertilizer hereafter). Farmers then transplant
the seedling, which incurs additional labor costs. One and a half months after seeding, farm-
ers apply herbicides, topdressing fertilizer (second fertilizer hereafter), and pesticides. Weeding
is labor-intensive and may require farmers to hire additional labor. Harvesting could occur more
than three months after seeding, when farmers need additional labor for crop-cutting, threshing,
and transporting. Until the harvest is sold, farmers have little income unless they work else-
where(agricultural or non-agricultural). The typical schedule of agricultural investment is depicted
in Table 1.

Typically, farmers who need credit should apply for the loan in advance. If the application is

approved, they receive the full amount of the loan when they start production. In the standard

Suri et al. (2021) studied mobile short-term loans in Kenya, finding that the first loan was often quite low, which

may be explained by the fact that additional borrowing is easier in the case of short-term loans.



Table 1: Typical schedule of agricultural investment and credit flow

Stage 0 Stage 1 Stage 2 Stage 3
(4+) Sell harvest
Production (-) Seed (-) Topdressing fertilizer | (-) Crop-cutting
(-) Land preparation (-) Weeding (-) Threshing
(-) Basal fertilizer (-) Herbicide (-) Transporting
(-) Transplanting (-) Pesticide
(-) Irrigation
Credit Application | (4) Disbursement
(-) Regular installment | (-) Regular installment (-) Regular installment

The positive sign (+) indicates the cash inflow and the negative sign (-) the cash outflow.

microcredit system, payment of regular installments begins a few weeks after disbursement, even
though farmers have little income flow during this period. This creates a timing mismatch between
cash flow and credit flow: Farmers have to pay when they need to invest, and receive credit only
at the start of production while additional investment is needed later. The latter may lead to
underinvestment at a later stage among farmers who have difficulty in saving (Ashraf et al., 2006;
Dupas and Robinson, 2013).

To understand how the repayment and disbursement schedule affects farmers’ decisions, consider
a three-period model of a farmer with endowment Ay. Before the first period starts (¢t = 0), they
apply for credit with a simple interest rate r. The timing of the decision-making and credit flows
are described in Table 2. For simplicity, we ignore the labor decision and time discounting and

assume that the land is fixed.

Table 2: Cash flow and timing of the decision-making

t=20 t=1 t=2 t=3

Receive My Receive M — M, Harvest Y = F(K1, K>)
* Decide credit size | Repay m R Repay maR Repay R3 = (1 — 7 — m)R
M <M (and M) * 1st investment K, * 9nd investment Ko Consume ¢35 =Y — R3

* Consume ¢ * Consume ¢y

Asterisks (*) indicates the decision variables.

In each period, the farmer obtains utility from consumption ¢, evaluated by a concave utility
function u(c;) that satisfies the Inada condition. They make the first investment K at ¢ = 1
and the second investment K at ¢ = 2 and then obtain the revenue from the harvest (net of

harvesting costs) Y = F(K1, K») at t = 3.7 Production function F(K1, K3) is strictly increasing

"Since the harvesting costs can be paid by the harvesting revenue, we ignore them hereafter.



and concave in K1 and Ko, and its second derivative matrix is a negative definite.® We denote the
partial derivative of F' with respect to K; by Fj' .

Given this production technology and the interest rate r, they choose the loan size M at t =0
subject to

M <M, (1)

where M is the upper limit of the loan size. We consider a microfinance institution (MFI) that
disburses M < M at t =1 and M — M; at t = 2, where M; is usually set by the MFI but can
be determined by the borrower in a flexible microcredit design. The standard microcredit scheme
corresponds to the case where M; = M. The total repayment amount is R = (1 + r)M, which
is equally split over ¢ = 1,2,3 under the standard weekly installment; equal installments of %R
at every period.” For generality, we denote the proportion of the installment amount at ¢t = 1,2
by m1,ma, respectively, where m; + mo < 1 and 7y, w9 > 0. Then, the amount repaid at ¢t = 3 is
R3 = (1 — 7 — m) R, and the consumption at t = 3 is c3 = Y — R3.!? Note that if one borrows M,
they repay (m 4+ m2)(1 + )M before obtaining income, and hence only M — (w1 + m2)(1 + r)M is
left by t = 2. We denote this fraction by

QEI—(?Tl—‘r?TQ)(l—i-T). (2)
The resources available at t = 1 and ¢t = 2, A; and A», are expressed as

A1:A0+M1*71(1+T)M, (3)
A2:A1—Cl—Kl—l-(M—Ml)—TFQ(l—l-T)M. (4)

Then the budget constraints at ¢ = 1 and ¢t = 2 can be denoted as

c1 + Ky < Ay, (5)
CQ+K2:A2, (6)

respectively. Changing the value of m; and M; influences the budget constraints through their

effects on A7 and A;. While we have ignored income flows other than harvest, Appendix A.1.1

8This ensures that the first-order conditions characterize the solution of the maximization problem. For this
matrix to be negative definite, F{j < 0, F§5 < 0, and F{} F4, > (F{4)?. For the Cobb-Douglas production function
F(Ki,K?) = GK{“K;”, this condition is equivalent to 11 4+ 2 < 1 (decreasing returns to scale), which is plausible

given the fixed land input.
9Most MFIs apply the simple interest rate over the loan maturity length. Here, we assume that the total repayment

amounts are unaffected by the repayment schedule.
OWithout uncertainty, borrowers will borrow as much as they need and will not save at t = 2. We will consider

saving at ¢ = 2 when we introduce the uncertainty in the later section.



shows that we can take other income flows into account simply by reinterpreting the endowment
Ag as the sum of the endowment and the other income flows.

We mainly consider following three products: (a) traditional microcredit (m = mp = %, My =
M), (b) crop credit (m = m = 0,M; = M), and (c) sequential credit (m; = mo = 0, M1 < M).
We defer the full characterization of the model and solution to the Appendices, and present only

important results.

2.1 A time-consistent borrower

A time-consistent farmer’s problem is

3

01,62%%}}((2,]\/[ Z u(cr)

subject to the budget constraints (5) and (6), and the borrowing limit (1). The first main result is

that the borrower will choose the loan size M* to satisfy

r .
F{(K{,K3) > 1+§, j=1,2, (7)

where the equality holds if the borrowing limit (1) is not binding. For the sake of brevity, consider
the case wherein the equality holds. If m; = 7 = 0, then @ = 1 by equation (2), and hence
F ]’ (K}, K3) = 1+ r, which implies that a farmer borrows credit until the marginal product of the
investment equals its marginal cost. However, if m; > 0, as in the traditional microcredit, then
Q@ < 1and F]’(Ki", K3) =1+ 6 > 1 4 r, causing a reduction in investment. Note that borrowing

M at t = 0 leaves only QM after repaying the installment. Hence, to finance an investment of size

M’ one must borrow %/, requiring an interest payment of ”g ", This implies that the effective
interest rate of this loan is 6, and the greater the ratio of the installment payment before gaining
the income (a lower @), the smaller the investment. For traditional microcredit (m = my = 1/3)
with » = 20%, Q = 0.2 and the effective interest rate & is as high as 100%. Note that if @ is
negative, borrowing is suboptimal because it reduces the resources available before harvest.

This result remains unchanged if we allow for borrowing sources other than microcredit (Ap-
pendix A.1.2). Since borrowing from other sources for investment purposes was rare in our setting,
we ignore the existence of other borrowing sources in the following discussion. This model can be
applied to settings other than agriculture, wherein there is a gestation lag in investment. Field et
al. (2013) found that the introduction of a grace period increased capital formation, which can be
interpreted as the effect of the increase in Q owing to the grace period, as it effectively reduces the
repayment amount before obtaining the return on investment.

The repayment schedule characterized by 71 and 7o affects the borrower’s utility and behavior

only through @, and we can show that ¢] = ¢ < c3, g—g = g% > 0 and 8(%‘(/;;) = 8(68%0;) >0




— that is, requiring larger installment payments before harvest reduces consumption at periods
1 and 2 and increases the difference in consumption before and after harvest. Hence, the weekly
installment requirement will lead to underinvestment and less consumption smoothing across time,

which lowers the borrower’s utility and uptake rates, as summarized in the following claim.
Claim 1 The weekly installment requirement results in underinvestment and lower uptake rates.

The impact of 7y on the loan size M*, however, is undetermined without further assumptions
on the utility and production functions even though the investment and consumption decline as 7
rises. This is because the requirement of installment before harvest induces borrowers to borrow
for paying the installment to sustain consumption levels.

Figure 1 presents the effect of repayment schedules on borrowers’ behavior . We assume the
Cobb-Douglass production function F(Ki, Ks) = HKf 1K§’ 2 whose parameter values were cal-
ibrated to match the moment of our survey data as described in Appendix A.3.'! The utility

function is that of a constant relative risk aversion (CRRA) type:

w() = =l ify>09#1
In(c) ifvy=1,

where the higher value of v implies the higher demand for consumption smoothing. Note that the

specification of the utility function does not affect the production decision but does affect the loan

size and the levels of consumption in each period.

The upper panel of Figure 1 depicts the borrower’s decision on the loan size M and the amount
of the first investment K against the endowment A for different repayment schedules (m = my =
m = {1/3,1/6,0}). We set v = 1 in the left panel and v = 2 in the right panel. While most
empirical literature on the intertemporal substitution found v > 1 (Ogaki et al., 1996; Yogo, 2004),
the fact that the length of the period in our cases is only 1—2 months makes v = 1 plausible, as
people may show more tolerance toward consumption decline for only a few months rather than a
whole year.

As indicated in equation (7), the investment size is determined by the marginal productivity
and the value of 7 through @ and is not affected by the level of Ag. The loan size is decreasing in

Ag.*2 In the range of Ag described in the figure, a larger installment before harvest (a greater value

"The calibrated parameter values are (1,92, 0) = (0.254,0.147,16.196).
12With these functional specifications, the optimal loan size is linear in Ao, expressed as:

1
a2 920\ T=a, —ay
(ozl ;2 9) 1-az (20[?170‘2]31—%_’_@1_’_0[2) _ A

pL/

M = prgre@+n

wherePEl—i—é.



Figure 1: Loan size, first investment amount, and the total utility under the different value of 7

Credit size M and first investment K1 wheny =1 Credit size M and first investment K1 when y = 2
50

—M (n=1/3) —M (n=1/3)
40 — KL (n=1/3) — Kl (n=1/3)
——M (n=1/6) 40 —M (n=1/6)
— K1 (n=1/6) — K1 (n=1/6)

—M (n=0) —M (n=0)

30 — KL (n=0) — KL (n=0)

Total utility Vwheny =1 Total utility V wheny = 2

10 15 20 25 30 10 15 20 25 30
AO AO

m = 1/3 corresponds to traditional microcredit, and m = 0 crop credit (lump-sum payment after harvest). 7 = 1/6

is the intermediate case. v is the parameter governing the intertemporal substitution.

of 7) increases the loan size, especially for those with low Ag. The traditional microcredit (7 = 1/3)
results in the greatest loan size and the lowest investment size. The discrepancy between these two
is substantial for those with low Ag, indicating that a considerable amount of credit is used for
repayment among poor borrowers. With greater demand for consumption smoothing (v = 2, right
panel), the loan size becomes larger, especially under the traditional microcredit system, as farmers
borrow more to sustain consumption levels before harvest.

The lower panel of Figure 1 shows that maximized total utility is lowest when 7 = 1/3 (tra-
ditional microcredit) and highest when m = 0. The difference is greater for those with low Ay,
indicating that it is the farmer with low-asset or low-income flows from other sources who benefits

most from the elimination of the regular repayment.

2.2 A present-biased borrower

For time-consistent borrowers, the disbursement schedule, captured by M;/M (the share of the
credit disbursed at ¢ = 1), will not affect the borrower’s decision unless M; is so small that the
period-1 budget constraint (5) is binding. The borrower will not benefit from such a low level of
M since it only imposes the additional binding constraint. However, PB borrowers may prefer
to set My low to constrain the period-1 consumption. Now, consider a hyperbolic discounter who
discounts the future utility by £ and believes their £ to be B . For simplicity, set 7 = 0 and consider

whether a PB borrower has an incentive to set a low M; at t = 0. The model is fully described in

10



Appendix A.1.3, and we briefly summarize the main results here, as the mechanism is quite similar

to the standard argument of the demand for commitment (Laibson, 1997).

Claim 2 A PB farmer who is aware of their present biasedness prefers the credit to be disbursed

sequentially. Sequential credit will increase the second investment.

Figure 2 illustrates the PB borrower’s decision on the loan size and investment and the utility
gain over the traditional microcredit under crop credit and sequential credit when v = 1 and
8= B = {0.8,0.6}.13 For sequential credit, we present both the total loan size M and the first
disbursement M.

The total loan size is similar between crop credit and sequential credit for low values of Ag.
Under sequential credit, the first disbursement M; is chosen so that the budget constraint at ¢t = 1,
c1 + K1 < Ay 4+ My, is binding and limits the overconsumption at ¢ = 1. This budget constraint
lowers the first investment under sequential credit but increases the second investment, as farmers
can secure enough resources to their period-2 self.

For larger values of Ag, however, the desirable level of M becomes negative, which is infeasible,
and hence, the farmer would set M = 0. While the budget constraint is still binding, the farmer’s
period-1 self has more resources to consume and invest, resulting in a greater Kj in the figure.
This in turn increases the marginal product of the second investment, inducing a greater second
investment and resultant larger loan size. When Ay is much larger, the farmer cannot make the
budget constraint at ¢ = 1 binding, even with M; = 0. In this case, they cannot constrain their
period-1 self’s choice, and there is no difference in outcomes between crop credit and sequential
credit.

The maximized utility is greater under sequential credit than crop credit, though the magnitude
of the difference depends on the present biasedness () and the degree of intertemporal substitution
(7). The difference in the utility is small when 8 = 0.8 or v = 2. The value of the commitment is
smaller when the present biasedness is milder (5 = 0.8). The value of increased revenue due to the
greater second investment is smaller when the consumption-smoothing motives are larger (v = 2).
The gain of sequential credit is somewhat large when = 0.6 and v = 1.

Note that even PB borrowers prefer crop credit if the upper bound of M is set by the MFI and
is too low for them. Especially, the existence of uncertainty, which is ignored in this baseline model,
will increase the desired level of M, as it will provide the farmer with more flexibility (Amador et

al., 2006). If borrowers are naive (5 = 1), sequential credit will not be preferred by them but may

13 Appendix Figures 1 and 2 present the case when v = 2 and the case when § = 0.6,/3’ = 0.8 (partially naive),

respectively, with results quite similar to those in Figure 2. The utility gain under sequential credit is larger when

v=1.
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Figure 2: Loan size, investment amount, and the total utility of PB borrowers under crop credit,
sequential credit, and traditional microcredit: v =1

Credit size M (y=1, =0.6, Bhat=0.6) Credit size M (y=1, B=0.8, Bhat=0.8)
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6 6

2 2
——Crop ——Crop
Seq Seq
Traditional Traditional
LT 15 20 25 0 %10 15 20 25 30
A0 A0
Second investment K2 (y=1, B=0.6, Bhat=0.6) Second investment K2 (y=1, B=0.8, Bhat=0.8)
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[ is the present bias parameter and /3’ is the farmer’s perception on their own f.
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increase the second investment if the upper bound of M is set adequately low.

3 Local Context, Product Design, and Randomization

3.1 Local context

Motivated by these theoretical predictions, we conducted a randomized controlled trial in the
Dinajpur district of northwest Bangladesh, focusing on sharecropping farmers. The region suffers
from a high poverty rate of 64.3%, significantly higher than the national average of 24.3% (Hill and
Genoni, 2019). Most tenant farmers are landless and poor and do not have access to credit from
formal banking sectors, including microfinance. Most of them are engaged in rice production.

Rice is a major agricultural product in Bangladesh and comprises half the agriculture sector’s
contribution to gross domestic product (GDP). Rice is cultivated throughout the year all over the
country in three seasons: Aush, Aman, and Boro. Aman (rainy season) is the most important season
(and the focus of our research), contributing 35% of the annual rice output. Land preparation for
Aman begins in late June and lasts up to mid-July, while sowing spans mid-July to mid-August.
Paddy harvesting begins in November and lasts until January.

Agricultural inputs are available at local markets. Farmers purchase fertilizers, pesticides, and
herbicides from local traders. While some local traders sell hybrid seeds, most tenant farmers
use traditional seeds.'* For land preparation, agricultural modernization has replaced traditional
animal-powered plowing with tractors or power tillers, and farmers pay in cash to local service
providers to use the mechanical plowing service.

Most of the tenancy contracts require the tenants to pay 30% of the harvest to the landlord.
Fixed-rent contracts are rare in this region, and only a fraction of the plots (less than 1%) were
under fixed-rent contracts, both in our baseline survey and the endline survey. Cost sharing, which
is often observed in sharecropping arrangements elsewhere, is uncommon in Bangladesh, partly
because most of the landlords live in the cities and cannot monitor the input costs.

Local MF1Is do not provide credits designed for farmers, and mostly employ a “Grameen-Style”
rigid contract design with weekly installment payments. Although the Bangladesh Rural Advance-
ment Committee (BRAC) has introduced an experimental product for sharecroppers (BCUP), it

requires monthly repayment that does not align with the cash flow of farmers. Borrowing from

410 our surveyed sample, only a few farmers purchased hybrid seeds in Aman season before and after our inter-
vention. There were no significant differences in the usage of hybrid seeds across our treatment arms in the baseline

and follow-up surveys.
15Without cost sharing, sharecroppers typically finance crop production by borrowing from informal money lenders

and middlemen at high interest rates (Khandker et al., 2016; Hossain et al., 2019).
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moneylenders is uncommon: at baseline, only 1% of the surveyed households borrowed from mon-
eylenders in the past 12 months. Most of the borrowing sources at baseline were from shop owners
(59.7%) followed by other non-governmental organizations (NGOs) including Grameen Bank. Of
the total borrowing from shop owners, 92% reflected borrowing for food consumption purposes, in
which case the borrowing amount is modest. Among all the borrowings at baseline, only 9.0% were

for crop farming.

3.2 Survey

To implement the survey and experiment, we collaborated with Gana Unnayan Kendra (GUK), a
grassroots organization that has worked in northern Bangladesh for 35 years in various development-
related interventions. The GUK had provided microcredit under the traditional weekly installment
contract. Their typical credit product was individual liability loans, though they required borrowers
to form borrowing groups for facilitating peer evaluation and peer monitoring.

To start the survey, we first listed all the sub-districts of Dinajpur and conducted a village survey
to understand the other MFIs’ coverage and the prevalence of rice production under shared tenancy.
We cross-verified the information on MFI penetration with the Microcredit Regulatory Authority’s
list of MFI agencies operating in Dinajpur. Finally, we identified three unions (Ghoraghat, Palsha,
and Vaduria) in two sub-districts (Ghoraghat and Nawabganj) as our desired location for the
experiment where the penetration of the other MFIs was low, rice production under share tenancy
was widespread and accessibility from cities was limited. From these three unions, the GUK formed
50 groups of 20 potential borrowers each, at the beginning of May 2015. The groups were formed
by the farmers themselves. During the group formation, farmers were informed that the access to
credit offer and the type of credit contract would be randomized.

The baseline survey was conducted from June 2015 to obtain the basic demographic and socio-
economic information, including land-size under tenancy agreement, of these 1,000 potential bor-
rowers. Table 3 reports the summary statistics of our sample.

The average size of owned land is 12.3 decimals (approximately 500m?). While 57.2% of the
sampled farmers were landless, nearly 30% owned land no less than 20 decimals, and most farmers
tenanted land no less than 50 decimals (Appendix Figure 3).16. At baseline, the loan access was
limited. About two-thirds of the sampled farmers had no borrowings in the past 12 months, and
only 5% borrowed no less than 10,000 BDT (Appendix Figure 4).

We computed the first and second investment in a manner consistent with our conceptual

framework described in Table 1. Specifically, the first investment consists of expenses for seeds, basal

16While some changed the areas of tenanted land between the baseline and the follow-up surveys, most farmers

cultivated the same tenanted land
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Table 3: Summary Statistics

count mean sd min max
Owned land area (Baseline) 1000 12.275 15.691 0 50
Tenanted land area (Baseline) 1000 79.374 14.759 0 145
In(asset) (Baseline) 1000 12.516 0.868 9.8 14.4
Any borrowing (baseline) 1000 0.351 0.478 0 1
Any saving (baseline) 1000 1.195 0.396 1 2
Total borrowing (Baseline) 1000 1297.597 5168.497 0 80000
Savings (Baseline) 1000 1145.738 2856.537 0 50000
Total other income (Baseline) 1000  100619.709  45755.029 0 385650
1st investment (Baseline) 1000  7642.315 2354.178 0 15033
2nd investment (Baseline) 1000 4320.190 1767.919 0 12405
Output (Baseline) 1000  32120.420 10215.358 0 84000
Any saving at NGO (baseline) 1000 0.772 0.420 0 1
wage income (annual) 1000  70942.920  52249.572 0 349600
Profit (Baseline) 1000  4043.523  5734.793  -14980 25738
Yield (Baseline) 997 5.247 0.885 2.47 8.65
Present-biased 988 0.589 0.492 0 1
Uptake 1000 0.561 0.497 0 1
Total loan amount (GUK) 1000 9029.960 8504.781 0 27300
Not repaid on due date (Arrear) 561 0.488 0.500 0 1
Default 561 0.119 0.325 0 1
% of amount not collected 561 0.078 0.237 0 951
Cumulative savings 561 2320.989 495.026 300 3940
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fertilizers, wages, and costs for hiring labor and machines for land preparation and transplanting,
and irrigation fees. The second investment consists of expenses for topdressing fertilizers, herbicides,
pesticides, and wages for hiring labor for weeding. Since our focus is on the impact of financial
access on the investment, we excluded the imputed costs of family labors from the calculation of
the investment amounts but considered them in computing the profit.!” The amount of the first
investment was almost twice as much as that of the second investment.

It turns out that many tenant farmers work as daily laborers due to the lack of farm income
until harvest. The average annual household income from other sources than the tenant farming
exceeded 100,000 Bangladesh Taka (BDT) (about 1,220 USD), of which 71,000 BDT was from wage
income. This was much larger than the average profit from agricultural production, indicating that
rice production is not a main source of income for most sampled farmers. While 22.5% of the
surveyed households reported no wage income, a majority of them worked 240-360 days for wage
income, with daily wage being 300 BDT on average. At median, individuals spent 20 days for
earning wage income (Appendix Figure 5).1® When self-employment is considered, almost all the
households had income sources other than farming and spent substantial time in these activities
(Appendix Figure 6). As a result, only 10% of the farmers earned Aman season profit exceeding a
quarter of the total other income over the same period. This will mitigate the problem of the timing
mismatch between the cash flow of the agricultural production and the credit flow from the MFT,
and may lead to smaller impacts of removing the weekly installment and introducing sequential

disbursement.

3.3 Product design

Before the main phase of the study (i.e., the Aman-cropping season in 2015), we implemented a
small pilot study with the GUK to understand the cash flow in agricultural production in Dinajpur,
while assessing the feasibility of the proposed experimental design. Based on bookkeeping exercises
with tenant farmers, we computed the total cost of the entire cycle of rice production as well as the
timing of each of the investment items for the typical farmer. We also discussed these estimates with
the local agricultural extension officers and the GUK. Based on these conversations and estimates,
the GUK agreed to provide a maximum loanable amount of 400 BDT (about 4.88 USD) per decimal
of land to the sharecropping farmers, with a six-month interest rate of 12%.

The credit products were individual liability loans disbursed through borrowing groups. To

1"We also subtracted the labor costs for harvesting in computing the profit.
18 Among those who earned wage income, 57.0% worked in their village and 38.4% worked in another village in the

same union. Urban migration was rare due to the lack of job-related networks: only 1% of them migrated to another

district (including Dhaka) for work.
197 decimal equals 40.5057 m2.
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join the borrowing group, individuals had to be tenancy farmers who did not borrow from existing
microcredit programs. After joining the borrowing groups, they were entitled to borrow up to the
maximum loanable amount. The next-round loan became available conditional on the repayment of
the first round. The GUK accepted loan applications in May and commenced credit disbursement
in early July. We provided the following four different products.

Traditional microcredit (T1): This is the standard microcredit product that the GUK had
implemented elsewhere. The full loan amount was disbursed at the beginning of the crop season
(July). Borrowers were liable to repay the loan in regular weekly installments of equal amounts,
beginning from the first month after loan disbursement. The loan matured after harvest when
the borrowers had to pay the last installment. This implies that out of a total of 24 weekly
installments, 22-23 installments were required to be completed before harvest, rendering the value
of () in our model negative. This illustrates the drawback of the current microcredit program.
While it intends to help farmers finance their investment, it instead reduces the resources available
before harvest. This indicates that farmers who used this loan may have borrowed for purposes
other than agricultural investment.

Crop credit (T2): This product removes the weekly installment from traditional microcredit
(T1). The borrowers were required to repay the full amount at the end of the harvesting period,
which corresponded to the due date of the last installment in T1. Thus, a farmer who borrowed
10,000 BDT at the beginning of the crop-cycle was required to repay 11,200 BDT in a single
payment at the end of the cycle (in December). The product corresponds to the case of 7 = 0 and
My = M in our model above.

Sequential credit (T3): This product modifies T2 by changing the disbursement schedule.
To match the sequence of agricultural investment, the disbursement was divided into three phases.
Based on the bookkeeping exercise in the pilot survey, we set the limit of the first disbursement
at 60% of the maximum loan size so that the remaining 40% was still available for late-stage
investment. Hence, a borrower could choose the amount of the first disbursement such that M; <
0.6M. At the time of the second disbursement (one month after the first disbursement), borrowers
could receive up to 20% of the loanable amount in addition to the unused loanable amount at the
first disbursement. This means that borrowers could receive up to 80% of the loanable amount by
this time. The third and final disbursement was made one month after the second disbursement.?’
At each disbursement, borrowers could decide the amount that they receive within the specified
limit. While our model has assumed Ms = M — M, the field team incorporated further flexibility

by allowing My < M — M, that is, borrowers can adjust the loan size ex post, which we will revisit

20Typically, the first disbursement began in early July, the second in mid-August, and the third in early October.
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in a later section.?!

Sequential in-kind credit (T4): This product intends to strengthen the commitment func-
tion of T3 by disbursing the credit in kind such as seed and fertilizer (valued within the loanable
amount). In T3, borrowers may overconsume by using the disbursed credit. T4 aims at pre-
venting overconsumption by disbursing the credit in investment goods. The GUK partnered with
reputed local agricultural dealers to implement the in-kind credit distribution through pre-approved
vouchers for fertilizers, seeds, pesticides, herbicides, and vitamins.?? As in T3, the vouchers were
distributed sequentially, with the value of the first disbursement (M7) to be no more than 60% of
the maximum loan size M and that of the second disbursement to be no more than 0.8M — M;.
The first and second disbursements were fully in kind, but the third installment was in cash to
cover harvesting and crop processing-related activities.

For all the group members, the GUK conducted weekly meetings to monitor group activities
and to facilitate loan collection for those who were repaying weekly.?? During the weekly meeting,
the GUK also encouraged borrowers to save and provided a savings deposit service, although there
was no mandatory savings amount. Members in the control group (described in the next section)
could use the savings deposit service of the GUK. This design, however, prevents us from inferring

the outcome under crop credit and sequential credit without regular weekly meetings.

3.4 Randomization and balance tests

After collecting the baseline data, we randomly assigned 200 members (4 members per group) to
each of the four credit products (T1-T4) for the Aman-cropping season in 2015. The remaining 200
members served as the control group.?* Since the outcome variables of our interests are investment
and production, we stratified the members based on the score of economic status that would
correlate with the latent productivity. Specifically, we computed the score by factor analysis,

wherein we included indicators for owning agricultural lands, owning livestock, owning productive

21Without uncertainty as in our baseline model, this modification does not affect the solution of the model.
22These are the inputs recommended by the Agriculture Department of Bangladesh for rice production.
23 Armendériz de Aghion and Morduch (2010) discuss the importance of the regular group meetings to sustain the

repayment rate.
248ee Appendix Figure 7. The capacity constraint of expanding branches in the field limited the total sample

size. We had repeated discussions on whether to include the sequential in-kind treatment (T4) given the relatively
small sample size. Given that removing T4 results in 250 farmers in each arm instead of 200 and smaller standard
errors only by 12%, we finally decided to include T4 to examine the role of commitment and flexibility. With the
power of 0.8 and a significance level of 0.05, the minimum detectable effect size (MDE) when assuming an i.i.d. data
generating process is 0.28 standard deviation (the MDE would have been 0.25 if we had included 250 farmers in each
arm). Hence, we did not expect to detect significant effects on noisy variables such as income and profits. We report

the MDE to facilitate the interpretation of the statistical results when the outcomes were noisy.
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assets, borrowing money in the last three years, having electricity connection, having a latrine
toilet, housing conditions (if the house is made of mud), the area of agricultural land, and the years
of education.?> We stratified five households with similar scores and randomly divided them into
five different experimental groups.

There exist potential spill-over effects within group members, especially through informal trans-
actions with other borrowers in the same group. However, during the pilot, we did not detect such
transactions. Moreover, we also asked the respondents to list any informal cash or in-kind transfers
to other group members in the baseline and follow-up survey, finding no such transactions. We
cannot deny the existence of other spill-over channels, such as spending more carefully to finance
investment as a result of observing the behavior of members in other intervention arms; however,
we believe that such spill-over effects are small. Furthermore, the spill-over effects, if any, will likely
reduce the difference across treatments, making our estimates conservative ones.

The average uptake rate was 56.1% based on the whole sample as shown in Table 3. Excluding
the farmers in the control group who were not offered the credit, the average uptake rate was 70%,
which is relatively high, reflecting the fact that our sample consists of the farmers in the self-formed
borrowing groups who exhibited an interest in taking out loans.?%

The average loan size among the borrowers was 16,095 BDT (196.4 USD). The smallest loan
size was 5,500 BDT in traditional microcredit and crop credit, and 3,360 BDT in sequential credit.
The maximum loan size was 27,300 BDT. We excluded two observations from the analysis that
reported that the area of the tenanted land in the follow-up survey was low to the point that their
inferred maximum loanable amounts were less than 3,000 BDT,?” since they likely did not report
all the plots they cultivated, and thus, we would undervalue their total investment and output. For
most borrowers, the actual loan size was strictly less than the inferred maximum loanable amount
(Appendix Figure 8), implying that the constraint M < M was not binding in most cases.

The weather condition in the surveyed year caused the delay in the harvest, which affected the
repayment performance. Many borrowers did not finish harvesting on the loan due date and the
GUK extended the due date by three weeks (extended due date). However, 48.7% of the borrowers

could not repay on this due date. Then, the GUK expended intensive efforts to ensure repayment

25To minimize the time for data collection for stratification, we asked local enumerators to first enter the information
of these listed variables immediately after the household survey. The rest of the data were entered over several months

to minimize data entry errors.
26Relatively high uptake rates among potential borrowers who had exhibited their interests in the loan were also

observed in previous studies (Attanasio et al., 2015). Since some farmers might have shown an interest to keep the
option of borrowing, it is not surprising to observe the imperfect uptake. Moreover, the uncertainty of receiving the

loans might induce some of them to find other borrowing sources such as their family members and neighbors.
2"We have no data on the loanable amount that the GUK actually imposed. We inferred the loanable amount

based on the area of the tenanted land reported in the follow-up survey
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and set the final due date one week after the extended due date. We defined the loans not fully
repaid by the extended due date as the loans in arrears, and those not fully repaid by the final due
date as defaulted loans. The default rate was 11.8%, which is relatively high compared to standard
microcredit programs elsewhere. Note that some borrowers in traditional microcredit failed to pay
the weekly installment and were allowed by the GUK to repay later and access future loans if
they repaid all the loans by the final due date. Therefore, the weekly installment was not strictly
implemented in the field, which would diminish the difference in the traditional microcredit (T1)
and crop credit (T2).

Table 4 shows the results of the balance tests, where we regress some of the baseline charac-
teristics on the treatment status. Note that the coefficient on the in-kind captures the differential
effect for T4 compared to T3.2® While we do not find significant differences across treatment groups
in most baseline characteristics, there are significant differences in savings amounts between the
control group and the other treatment groups. The control group had significantly lower levels of
the savings. However, these standardized differences never exceed 0.2, and the characteristics are
well balanced across the different treatment groups. In the analysis, we always include the baseline

savings in the regression as the control.

4 Results

To investigate the impact of modifying the repayment and disbursement schedule, we estimate the

following regression:
Z/f; =7 + 711/5 + Tim + X7 + 'YFFSij + ¢+ €5

where yf; is the outcome variable at the follow-up survey of the household 7 in the borrowing group
7, yg is the lagged dependent variable measured at the baseline survey, X;; the set of the control
variables, F'S;; the factor score used for the randomization, (; the group fixed effects, and ¢;; the
error terms. We select the control variables included in the regression by post-double-selection
(PDS) lasso proposed by Belloni et al. (2014). In the PDS, we include the baseline values of
productive and non-productive assets (transformed into logarithms), livestock assets (transformed
by the inverse-hyperbolic function), owned land area, tenanted land area, borrowing amount, saving
amount, first and second investment, total output, the total income excluding the farm income, and
their squared terms and interaction terms. Note that, as mentioned before, we always include the

saving amount as the control. T;; is a vector of indicators for each treatment, including traditional

28The variable named Sequential takes the value of 1 for the group offered sequential credit (T3) or sequential
in-kind credit (T4), and 0 otherwise; and the variable named in-kind takes the value of 1 if offered T4, and 0

otherwise.
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Table 4: Balance tests

(1) (2) ®3) (4) () (6) (7) (8)
Asset  Tenancy area Borrowing 1st invest 2nd invest Output Other income Saving
Traditional -0.025 -1.671 374.737 215.773 186.332 -247.121 -4415.046 567.995*
(0.087) (1.521) (487.325)  (235.458)  (174.763)  (1016.439) (4738.012) (275.755)
Crop Credit -0.030 -0.404 -104.288 333.130 83.633 -133.321 -2244.266 520.355™"
(0.088) (1.540) (415.657)  (242.937)  (176.209)  (1059.764) (5036.563) (191.771)
Sequential 0.023 0.030 167.598 338.879 169.472 563.970 -6486.131 637.935™*
(0.089) (1.548) (417.037)  (231.750)  (170.732)  (1026.573) (4390.729) (242.852)
In-kind 0.001 0.336 -210.446 -39.572 15.900 371.109 -41.780 -51.360
(0.087) (1.463) (586.255)  (231.755)  (176.532)  (1015.672) (4121.595) (334.476)
Observations 998 998 998 998 998 998 998 998
Mean_Control 12.492 78.063 1594.405 7621.700 4383.276 31657.050 1.00e+-05 1250.965
SD_Control 0.850 14.002 5614.285 2318.703 1824.851 9798.711 45688.444 3350.160
Trad-vs_Crop 0.960 0.374 0.340 0.625 0.578 0.912 0.657 0.861
Trad-vs_SeqCash ~ 0.579 0.236 0.681 0.590 0.925 0.414 0.624 0.821
Trad-vs_SeqKind  0.566 0.155 0.513 0.723 0.996 0.240 0.638 0.959
Crop-vs_SeqCash ~ 0.551 0.766 0.531 0.981 0.635 0.502 0.352 0.621
Crop-vs_SeqKind  0.539 0.597 0.916 0.889 0.576 0.309 0.373 0.825

The table reports the estimated coefficients of the regression, with HC3 robust standard errors in parentheses.

Asterisks indicate statistical significance: * p < .05, ** p < .01. The lower panel indicates the p value for

the null hypothesis that the coefficients of the corresponding treatment indicators are the same.
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microcredit with weekly installment (T1), crop credit (T2), and sequential credit (T3 and T4). We
also add an indicator for the in-kind credit, whose coefficient captures the differential effect of T4
compared to T3. We use the HC3 robust standard errors (MacKinnon and White, 1985) given that
the treatment was randomized at the individual level (Abadie et al., 2022).2

For the outcomes which are not relevant for the control group, such as uptake, we estimate:
yz]; =7 + T%T + XYz + Y ESi; + € (8)

where Tf is a vector of indicators for each treatment other than traditional microcredit, which is
set as the reference category. For these outcome variables, there are no baseline values available

and hence the lagged dependent variable is not included in the regression equation.

4.1 Uptake

Table 5 reports the results on loan uptake using regression equation (8).39 As predicted by the
theory, removing the weekly installment payments increased uptake. Compared to traditional
microcredit, crop credit and sequential credit achieved a higher uptake rate by 10.5 percentage
points and 8.3 percentage points, respectively. Replacing cash disbursement in sequential credit by
in-kind disbursement did not improve the uptake rate significantly, but its coefficient is relatively
large. There were no significant differences in the uptake rates between crop credit and sequential
credit (either cash or in-kind).

Although our sample comprises the farmers who expressed interest in borrowing, it is surprising
that nearly 60% of the farmers who were offered traditional microcredit with negative @ took the
loan. This suggests that many farmers do not borrow only to finance agricultural investments. Ad-
ditionally, this may explain the lack of a strong positive impact of removing the weekly installment

on investment, as discussed later.

2°One might be tempted to estimate the local average treatment effects (LATE) by using the treatment variables
as the instruments. However, the LATE estimates the average treatment effects (TE) over the people who switched
to using the credit due to the treatment assignment, and these switchers will not be comparable across the treatment
arms. Suppose farmers with greater TE are more likely to uptake the loan. As the regular repayment will discourage
borrowers with low TE from taking up the loans, only those with high TE will uptake the loan. Then, even if the
average TE are the same across the products, the LATE will be greatest for regular repayment credit, implying that

the LATE is not a meaningful parameter in our case.
39The numbers in the lower panel are the p-values against the null hypothesis that the impacts are equal. Consider

the regression equation
Yi; =0 +m1yi; + 7cCij + 75Si; + Tk Kij + 60 PBij + 6c PBij - Cij + 8sPBij - Sij + 6k PBij - Kij + Xijve + €ij

where Cij;, Sij, Kij, and PB;; are indicators for crop credit, sequential credit, the in-kind disbursement, and PB

farmers. The p-value reported in the row PB_Crop_vs_SeqC, for example, is against the null Hy : 7¢ + dc = 75 + ds.
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Table 5: Uptake and loan size

(1) (2) 3) (4) () (6) (7) (8)
Uptake (low Uptake (high
Uptake Uptake Loan size Loan size Loan size Loan size
other income)  other income)
Crop Credit 0.105* 0.135" 0.053 0.099 -10.878 -146.625 -313.192 -469.897
(0.042) (0.061) (0.073) (0.071)  (488.283)  (486.281)  (719.168)  (704.116)
Sequential 0.083" 0.037 0.031 0.080 -1256.512*"  -1429.412**  -1906.040* -2162.051""
(0.041) (0.069) (0.071) (0.068)  (455.571)  (440.824)  (642.715)  (624.022)
In-kind 0.068 0.152" 0.073 0.052 -574.932 -628.923 202.284 274.520
(0.037) (0.067) (0.059) (0.062) (347.878) (353.290) (549.723) (550.836)
PB=1 -0.007 -591.054 -388.489
(0.066) (789.403) (764.149)
Crop Credit x PB=1 -0.012 655.020 646.191
(0.089) (1038.521)  (1011.621)
Sequential x PB=1 -0.008 1193.599 1306.182
(0.088) (948.752) (910.236)
In-kind x PB=1 0.027 -1304.520 -1533.404*
(0.081) (764.092)  (761.126)
Observations 799 326 312 788 560 559 551 550
Mean_Control 0.595 0.570 0.616 0.595 16910.420 16910.420
Crop-vs_SeqCash 0.570 0.112 0.748 0.767 0.001 0.001 0.009 0.006
Crop-vs_SeqKind 0.219 0.355 0.410 0.603 0.000 0.000 0.029 0.028
PB_Trad_vs_Crop 0.097 0.630 0.802
PB_Trad_vs_SeqC 0.183 0.285 0.180
PB_Trad_vs_SeqK 0.004 0.008 0.002
PB_Crop_vs_SeqC 0.758 0.038 0.040
PB_Crop_vs_SeqK 0.182 0.000 0.000

The table reports the estimated coefficients of the regression, with HC3 robust standard errors in parentheses.
We include the baseline outcome, group dummies, baseline savings, and variables selected by post-double-
selection (PDS) lasso as control. Asterisks indicate statistical significance: * p < .05, ** p < .01. The

lower panel indicates the p value for the null hypotheses that the coefficients of the corresponding treatment

indicators are the same.
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The theory also implies that the impact of regular repayment on uptake will be large among
farmers with low endowment or low other income. In columns (2) and (3), we run the regression
for the subsample with low total other income at the baseline (lower than the 40 percentile) and
the subsample with high total other income (higher than the 60 percentile).3!, finding the results
consistent with the theory. Although we found no significant impact of the sequential cash credit
on the uptake in either of these subsamples, the overall results suggest that the weekly installment
requirement limits the outreach of microcredit among farmers without sufficient steady income.

In column (4), we investigate if the modified lending schemes attracted more demand from the
PB farmers by including the interaction terms with the indicator for being PB.3? We found no
significant difference in uptake decision between time-consistent farmers and PB farmers in any
credit schemes. While sequential credit could provide the commitment functions for PB borrowers,
it did not significantly improve the uptake rates over crop credit. This could be explained by the
small difference in the total utility between crop credit and sequential credit as presented in the

numerical exercises (when v =2 or § = 0.8) in Section 2.2.

4.2 Loan size

Column (5) of Table 5 reports the impact on the loan size. Since we only observe the loan size for
those who availed credit, the analysis is based on the selected sample of the uptakers. To address
the sample selection problem, we also report the results using the inverse probability weighting
(IPW) (Robins et al., 1995; Wooldridge, 2010) in column (6).33

Removing the weekly repayment (crop credit) did not significantly lower the loan size. While
correcting the sample selection by the IPW makes the results rather consistent with the prediction
of our numerical exercises, we cannot find a significant decline in the loan size in crop credit
compared to traditional microcredit. Only using the sample with low total other income does not

substantially change the results. Note that the direction of % is in general undetermined and

31The results are similar when we divide the sample by the median.
32The PB indicator was constructed from hypothetical questions as in Ashraf et al. (2006). This measure might

not be precise, causing attenuation bias. We cannot identify if a respondent is sophisticated or naive from these

questions. Hence the results related to the present bias should be interpreted with caution.
33We include, as the predictors for the sample selection, all the covariates of the regression and the uptake rate and

average loan size of the other group members. We estimate the uptake decision for each treatment group by probit
and run the regression for equation (8) using the inverse of the estimated uptake probability as the weight (we do not
include the group fixed effect in estimating the uptake probability due to the perfect predictivity). This procedure
intends to balance the characteristics of the uptakers across the treatment arms. The identifying assumption is that,
conditional on these variables, the uptake decision is independent of the other factors than X;; that determines the
loan size. We do not report the control mean in the table as reporting the weighted mean of traditional microcredit

is not very meaningful.
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depends on the functional form of F and u.3* Hence, the results do not contradict the prediction
of the theory.

A striking finding is that sequential credit substantially reduced the loan size. Compared with
crop credit, it reduced the loan size by 1,246-1,380 BDT or 7.4%-8.2% (columns (5) and (6)).%
When combined with the in-kind disbursement, it reduced the loan size by 10.7%-11.8% compared
to crop credit. The reduction in loan size under sequential cash credit was driven by time-consistent
borrowers (columns (7) and (8)). For PB borrowers, the reduction in loan size was achieved when

the credit was disbursed sequentially in kind (stronger commitment).

4 = i

To explore the smaller loan size under sequential credit, we draw the distribution o = 495

in the left panel of Figure 3. As explained in Section 3.3, the borrower could choose the first
disbursement M; subject to M; < 0.6M, and the second disbursement M, subject to My < M —Mj.
The value of % is greater than 0.6 when My < M — M, and equal to 1 when My = 0. The figure
shows that most of the borrowers chose My < M — M; and furthermore, 40% of the borrowers
chose My = 0. In contrast, some borrowers recorded quite a low value of M; /M, indicating small
M and large Ms. The right panel of Figure 3 depicts the distribution of My, showing that while

many borrowers chose My = 0, a fraction of borrowers recorded a fairly large Ms.

Figure 3: Distribution of 41 and M,
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We argue that these results—a smaller loan size under sequential credit and the pattern of
the second disbursement Ms mentioned above—can be explained by the option value provided by
sequential disbursement. We defer the model with the option value to the next section, and briefly
explain its essence here. Between loan application and repayment, borrowers may experience a
variety of shocks, such as productivity shocks and expenditure shocks. In standard credit or

crop credit, where credit is disbursed upfront, borrowers must decide the loan size at the time

34Gee footnote 12. Also refer to footnote 51 of Appendix A.1.1 for the expression of %—]‘g.
35 Appendix Figure 9 depicts the cumulative distribution and kernel density of the residualized loan size for each

treatment group, showing that the sequential credit shifted the distribution to the left. Kolmogorov—Smirnov tests
reject the equality of distributions of the loan size between sequential credit and crop credit, or between sequential

credit and traditional microcredit, at the 1% level.
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of application. This rigidity causes precautionary borrowing: borrowing a precautionary fund for
potential shocks. Sequential disbursement allows borrowers to determine the total loan size after
observing these shocks, eliminating the precautionary borrowing, and resulting in better investment
decisions. Borrowers concerned about a potentially large shock at ¢ = 1 will choose large M; for
some buffer, and then choose small My after observing no shocks.?® In contrast, borrowers who
believe the shock at t = 1 is small, if any, choose small M; to leave enough room for adjustment at
t=2.

PB borrowers still face the overconsumption problem at ¢t = 2 under sequential disbursement:
they could consume more by borrowing more at ¢ = 2. Disbursing the credit in kind could alleviate
this problem as the borrower would not be able to increase consumption by borrowing more unless
they resell the in-kind disbursement. This commitment function would lower the loan size for PB
borrowers, as found in columns (7)—(8) in Table 5.

One may be concerned that the second disbursement had a shorter maturity than the first
disbursement, which made the effective interest rate for the second disbursement greater and may
explain the smaller loan size under sequential credit. However, this cannot explain the behavior
of borrowers choosing small M; and large My. Furthermore, as many borrowers chose Ms = 0,
explaining the smaller loan size solely by the higher effective interest rate requires an extremely
large price elasticity that cannot be supported by existing literature (Dehejia et al., 2012; Karlan
and Zinman, 2019).

One may also argue the restriction M; < 0.6M constrained the first investment, which reduced
the marginal productivity of the second investment, which in turn resulted in the lower total
loan size. However, this cannot explain why some farmers chose M; much lower than 0.6M.
Furthermore, as shown below, sequential credit resulted in a greater first investment and did not
reduce the second investment, which contradicts the prediction of this argument.

Note that there are no significant differences in the impacts on borrowing from other sources
across treatment arms (Appendix Table 1), either from other MFIs or non-MFI borrowing sources.
This implies that access to other financial services were limited in this region,?” and the differential

effects on the loan size were not caused by the change in the debt composition.

36This may resemble the demand for flexibility. However, the flexibility motive alone cannot explain the smaller

loan size under sequential credit.
37 Appendix A.1.2 shows that removing the regular installment (an increase in Q) will reduce the borrowing from

other sources among borrowers. The increase in the uptake induced by the removal of the regular installment should

also reduce the borrowing from other sources as the GUK loans will substitute the latter.
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4.3 Investment, output, profit

We turn to the impact on investment. Our theory predicts that removing the weekly installment
will increase both first and second investment, and our regression results are somewhat consistent
with this prediction. Farmers in crop credit and sequential credit groups made more first-stage
investments than those in the control or traditional microcredit groups (Table 6, column (1)),
though the effect for the former was smaller and less significant.>® Among time-consistent farmers,
both crop credit and sequential credit significantly increased the first investment compared to
traditional microcredit (column (2)). Among PB farmers, sequential credit significantly increased
the first investment compared to the control group (p = 0.01).

Note that among time-consistent borrowers, none of the credit programs significantly increased
investment relative to the control group. This is consistent with our earlier argument that many
farmers may have used the loans for purposes other than agricultural investment. Although tra-
ditional microcredit would not increase the resources available before harvest, many farmers took
this product. Since they had been engaged in crop production for many years without formal fi-
nancial access, they were likely able to finance their investments without financial products. After
the follow-up survey, we conducted an informal interview with farmers in the control group to ask
how they had financed the investment; their typical response was that they had somehow managed
to finance the investment, without specifying any particular means. The survey also asked about
various financial transactions, but few mentioned transactions other than microcredit, such as bor-
rowing from relatives or friends (2.3%) and from moneylenders (1.2%). Appendix Table 1 shows
that neither of borrowing from other sources nor net money inflow — borrowing from other sources
plus wage income minus savings — was significantly affected by our interventions. Because the
poor tend to make extensive use of available financial services (Collins et al., 2009), some financial
transactions may be missing from our survey data. Nonetheless, these quantitative results and
informal interviews suggest that many farmers were not severely credit constrained in agricultural
production.

Columns (3) and (4) present the results for the second investment. No significant differences in
the average second investment across the treatment groups were observed (column (3)), but among
PB farmers, sequential credit significantly increased the second investment compared to the control
and crop credit groups ((column (4)), p = 0.025 and p = 0.077, respectively), consistent with the
model prediction on the commitment function of sequential disbursement. In Appendix Table 2,
we run the regression for the subsample with low total other income at the baseline (below the

40th percentile) and the subsample with high total other income (above the 60th percentile) and

38The p-value for the null hypothesis that group T2 (crop credit) and the control group have the same amount of
the first investment is 0.078 and that for the null comparing T2 and T1 (traditional microcredit) is 0.206.
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Table 6: Investment and output

1) 2) (3) (4) (5) (6) (7) (8)
Invest:1st  Invest:1st Invest:2nd  Invest:2nd Output Output Profit Profit
Traditional 43.282 -145.522 10.582 -128.083 295.690 -478.742 -142.346 -6.395
(84.918) (143.318) (88.464) (140.251) (461.989)  (640.704)  (354.746)  (565.477)
Crop Credit 150.939 118.346 57.245 -30.576 654.705 362.868 35.854 114.052
(85.769) (153.456) (87.760) (150.808) (478.357)  (630.700)  (372.224) (545.089)
Sequential 277.642** 220.854 114.288 -110.749 786.160 243.211 -89.562 213.134
(90.631) (154.796) (91.412) (146.465) (485.258)  (646.985)  (398.904) (551.137)
In-kind -69.597 5.954 -20.000 36.421 -463.466 -711.908 -168.227  -518.567
(91.449) (152.104) (95.778) (152.989) (446.565)  (673.552)  (384.286) (560.833)
PB=1 -71.431 -255.726 -517.170 257.303
(134.766) (140.541) (705.106) (532.372)
Traditional x PB=1 275.276 234.099 1335.017 -45.270
(186.203) (192.138) (913.097) (741.222)
Crop Credit x PB=1 41.829 114.921 588.073 44.954
(191.185) (196.532) (893.023) (734.348)
Sequential x PB=1 79.174 396.252* 928.747 -379.952
(199.156) (201.291) (975.416) (801.474)
In-kind x PB=1 -103.184 -91.214 429.817 567.934
(193.273) (198.565) (911.598) (750.604)
Observations 998 986 998 986 998 986 998 986
Mean_Control 7466.127  7466.127 4375.584 4375.584  33568.040 33568.040 5866.647  5866.647
Trad_vs_Crop 0.206 0.072 0.582 0.512 0.372 0.199 0.580 0.829
Trad_vs_SeqCash 0.009 0.015 0.243 0.906 0.240 0.281 0.884 0.699
Trad_vs_SeqKind 0.049 0.006 0.362 0.722 0.950 0.988 0.732 0.604
Crop_vs_SeqCash 0.175 0.534 0.521 0.606 0.761 0.856 0.729 0.859
Crop_vs_SeqKind 0.509 0.464 0.689 0.778 0.450 0.219 0.389 0.448
PB_Trad_vs_Crop 0.783 0.840 0.859 0.607
PB_Trad_vs_SeqC 0.143 0.131 0.588 0.813
PB_Trad_vs_SeqK 0.513 0.294 0.952 0.874
PB_Crop_vs_SeqCash 0.223 0.077 0.717 0.518
PB_Crop_vs_SeqKind 0.699 0.197 0.916 0.520

The table shows the estimated coefficients of the regression, with HC3 robust standard errors in parentheses.

We include the baseline outcome, group dummies, baseline savings, and variables selected by post-double-

selection (PDS) lasso as control. Asterisks indicate statistical significance: * p < .05, ** p < .01.
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find positive impacts of sequential credit on the first and second investments for borrowers with low
total other income.?” These indicate that PB farmers may have faced credit constraints, especially
at a later stage. Since an increase in the second investment increases the marginal productivity of
the first investment, the expectation that farmers will be able to make a sufficient level of second
investment owing to the sequential disbursement could induce them to increase the first investment.

Columns (5) to (8) of Table 6 report the impacts on output and profit. As these outcome
variables are noisy and our sample size is rather small, the MDE tends to be large, and we do not
find any significant differences across the treatment arms. For example, the MDE for sequential
credit versus control is 1116.9, which corresponds to a 19% increase in profit.%® Given that the
impact of microcredit on profits has been modest or insignificant in most previous studies (Augsburg
et al., 2015; Banerjee et al., 2015) and its impact on investment was modest (columns (1)-(4)) in
this study, it is not surprising that we did not find a significant impact on profit given our relatively

small sample size.

4.4 Savings and repayment

Column (1) of Table 7 shows the impact on the amount of saving based on the household sur-
vey. Compared to the control group, households in the treatment groups achieved higher savings.
Present bias did not significantly affect the pattern of the savings (Appendix Table 3). Given the
result that the credit did not significantly increase output, we attribute the positive impact on sav-
ings to the GUK’s encouragement of savings. In fact, the estimates are quite close to the regression
with savings at NGOs as the outcome (columns (3)—(4) of Appendix Table 3), implying that the
increased savings are mainly driven by the savings at NGOs, especially GUK.

Note that sequential credit had a smaller impact on the amount of saving compared to tradi-
tional microcredit and crop credit. This can be explained by precautionary borrowing with mental
accounting and the GUK’s encouragement of savings. With a lump-sum disbursement, borrowers
would borrow or save more for precautionary purposes. With mental accounting and the GUK’s
encouragement, they would be less likely to withdraw the deposited money. To observe this effect,
column (2) examines the amount deposited into the GUK savings account in the first three months
(July—September) based on the borrowers’ monthly administrative records. Even in sequential
credit, the full amount of the loan was disbursed by the end of August.*! Allowing one month for

sequential credit borrowers to save additional money after receiving the second disbursement, we

39We do not include an indicator for PB in these subsample regressions because the sample size is small and the

identification of the coefficients depends on a limited number of observations.
40Tf we were to implement three treatments instead of four (by removing the sequential in-kind as discussed in

footnote 24), then the MDE would be 999.0, which is still large.
“1The second disbursement was completed around mid-August, and no borrowers received the third disbursement.

29



Table 7: Savings and repayment performance

(1) 2) 3) (4) (5) (6) (M (8) )
Savings at
Saving MFT in Jul- Net savings Arrear  Arrear Default Default Uncollected: - Uncollected:
Sept at MFI OLS Tobit
Traditional 1271.443*
(152.357)
Crop Credit 1370.094™* 40.199 54.823 -0.074 -0.092 -0.018 -0.028 0.005 0.019
(130.947) (69.155) (65.526)  (0.061) (0.060) (0.042)  (0.045) (0.029) (0.205)
Sequential 1093.327**  -364.123*" -242.479** -0.070  -0.090  -0.024 -0.031 0.001 -0.135
(138.447) (66.845) (60.875) (0.060)  (0.059) (0.044)  (0.046) (0.031) (0.213)
In-kind 26.631 -170.041"* -14.064 -0.0561  -0.071 -0.014 -0.036 0.000 0.062
(119.543) (56.110) (44.047) (0.056)  (0.054) (0.038)  (0.038) (0.026) (0.208)
Observations 998 560 560 560 558 560 558 560 560
Mean_Control 266.884 1749.202 2432.437 0.588 0.160 0.094 0.094
Trad_vs_Crop 0.649
Trad_vs_SeqCash 0.431
Trad_vs_SeqKind 0.517
Crop-vs_SeqCash 0.012 0.000 0.000 0.946 0.976 0.884 0.941 0.881 0.458
Crop-vs_SeqKind 0.037 0.000 0.000 0.389 0.196 0.584 0.292 0.882 0.643

The table shows the estimated coefficients of the regression, with HC3 robust standard errors in parentheses.

We include the baseline outcome, group dummies, baseline savings, and variables selected by post-double-

selection (PDS) lasso as control. Asterisks indicate statistical significance: * p < .05, ** p < .01.
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examined the amount of savings during July—September. The results supported our story. Sequen-
tial credit borrowers saved significantly less than traditional microcredit and crop credit borrowers
by 10%. Including the interaction terms with the present bias indicator or correcting for sample
selection by the IPW did not change the results (Appendix Table 3). Net savings at the MFIs at
the follow-up survey (column (3)) were still lower for sequential credit, but the difference became
smaller.

Columns (4)—(9) of Table 7 report the repayment performance. The outcome variable in columns
(4) and (5) is an indicator for the loans in arrears, where we applied the IPW in column (5) to
mitigate the sample selection bias. There are no significant differences across treatment arms.
Columns (6) and (7) report the results for default (repayment not completed one week after the
due date). The average default rate in traditional microcredit was 16.0%, and more flexible schemes
such as crop credit and sequential credit did not worsen the default rate.

Columns (8) and (9) present the results on the ratio of uncollected loan amount. Since the MFI
could confiscate the savings in the MFI savings account, the ratio of uncollected loan amount was

calculated as

A t id + Net savi t MFI
ratio of uncollected loan amount = 1 — ot ToPal + Yt savings a .

Total amount to be repaid

Since there are many observations wherein this value is zero, we also use the Tobit model. Both the
ordinary least-squares (OLS) (column (8)) and Tobit (column (9)) show no significant differences
across the treatment groups.

In any of the measures, modifying the repayment and disbursement schedule did not worsen
the repayment performance.?? Including the interaction terms with the present bias indicator does
not change the results (Appendix Table 4). Hence, eliminating the timing mismatch can achieve
greater financial inclusion without worsening financial sustainability, especially for farmers with
lower steady income flows. While proponents of the weekly installment model emphasize its im-
portance in keeping repayment rates high, our results do not support this view. At least in the
agricultural setting, which is characterized by infrequent, lumpy income flows at harvest, allowing

a one-time repayment after harvest does not harm repayment performance and increase uptake.

4.5 Uptake in the second round and satisfaction

Finally, we investigate the satisfaction with these new credit schemes. Columns (1) and (2) in Table
8 report the loan uptake in the second round when they were offered the same product as the first

round. A higher uptake rate would reflect high borrower satisfaction. The uptake rate of traditional

“2This result is consistent with that of Aragén et al. (2020), who found that the flexible credit program did not

worsen the repayment rates.
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microcredit was 44% at the second round, while crop credit and sequential credit achieved higher
uptake rates by 10-12 percentage points. As in the first round, there were no systematic differences
in the second-round uptake rate between time-consistent and PB borrowers.

Columns (3) to (6) report the results on the level of satisfaction reported by the borrowers.
We use the OLS in columns (3) and (4), and the IPW in columns (5) and (6) to control for the
sample selection. The borrowers of crop credit reported the greatest satisfaction, followed by those

of sequential cash credit and then the sequential in-kind credit.

Table 8: Uptake in the second round

(1) (2) (3) (4) (5) (6)
Uptake:2nd  Uptake:2nd  Satisfaction  Satisfaction Satisfaction Satisfaction
Crop Credit 0.121** 0.111 1.891** 1.766** 1.838** 1.788**
(0.046) (0.080) (0.111) (0.199) (0.101) (0.175)
Sequential 0.096* 0.122 1.092** 0.926™* 1.086** 0.947**
(0.046) (0.079) (0.108) (0.201) (0.097) (0.175)
In-kind 0.038 0.050 -0.303** -0.261 -0.293* -0.199
(0.046) (0.072) (0.083) (0.138) (0.079) (0.128)
PB=1 0.010 -0.248 -0.178
(0.075) (0.212) (0.185)
Crop Credit x PB=1 0.002 0.213 0.095
(0.101) (0.246) (0.220)
Sequential x PB=1 -0.069 0.259 0.226
(0.101) (0.243) (0.216)
In-kind x PB=1 0.004 -0.076 -0.152
(0.096) (0.181) (0.167)
Observations 799 788 564 555 552 543
Mean_Control 0.440 0.440 2.831 2.831
Crop_vs_SeqCash 0.590 0.886 0.000 0.000 0.000 0.000
Crop_vs_SeqKind 0.767 0.404 0.000 0.000 0.000 0.000
PB_Trad_vs_Crop 0.055 0.000 0.000
PB_Trad_vs_SeqC 0.375 0.000 0.000
PB_Trad_vs_SeqK 0.081 0.000 0.000
PB_Crop_vs_SeqC 0.303 0.000 0.000
PB_Crop_vs_SeqK 0.918 0.000 0.000

The table reports the estimated coefficients of the regression, with HC3 robust standard errors in parentheses.
We include the baseline outcome, group dummies, baseline savings, and variables selected by post-double-

selection (PDS) lasso as control. Asterisks indicate statistical significance: * p < .05, ** p < .01.
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Note that some borrowers were not satisfied with the implemented sequential disbursement.
Among borrowers of sequential credit (T3 and T4), only 18% listed the sequential disbursement
as their reason for satisfaction, and 5% reported that they were dissatisfied with it. While we do
not know exact reasons for such dissatisfaction, this indicates the need to ascertain the cost to the
borrower of the sequential disbursement, and to carefully design the timing and amount of each

disbursement.

5 Option value and precautionary borrowings

5.1 Model

In the previous section, we mentioned the option value of sequential disbursement and the resulting
reduction in loan size by eliminating precautionary borrowing. In this section, we model this option
value by incorporating productivity shocks and expenditure or income shocks. We sketch the model
only for time-consistent borrowers, leaving the full characterization of the solution, including the
case of PB borrowers, to Appendix A.2. We then discuss its empirical relevance and present
counterfactual policy evaluations to explore better contract design. Note that our model would not
fit well to explain the decisions of borrowers who borrowed for non-agricultural production purposes;
nevertheless, it provides guidance for considering better credit schemes for financing agricultural
investment.

First, we modify the production function as
Y = 0102 F (K1, K3),

where 61 > 0 and 03 > 0 are the productivity shocks revealed at the beginning of period 1 and 2,
respectively. We can interpret 6; > 1, t = 1,2 as the positive shocks and 6; < 1 as the negative
shocks. Second, we introduce expenditure/income shocks &, t = 1,2,3, which realized at the
beginning of period t. These shocks reduce the resource available for consumption and investment

at each period by &, so the budget constraints at each period become

a+ Ky <A - &,

o+ Ko < Ay — &, 9)

and the income at period 3 is Y — £3. Negative values of & indicate positive income shocks.

Hereafter, we refer to & as expenditure shocks.*3

43The productivity shocks directly affect the investment choice while the expenditure shocks do not. For simplicity,

we ignore the productivity shocks that are not observed by period 2 because they do not affect investment decisions.
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The timing of the decision-making is summarized in Table 9. We consider crop credit and
sequential credit, and then consider two counterfactual policies — SC-SSL and CL — which we

explain later.

Table 9: Timing of the decision-making under uncertainties

t=0 t=1 t=2 t=3

Observe 61,&; Observe 65, & Observe &3

Production
* 1st investment K * 2nd investment Ko Harvest Y = 0102 F (K1, K>)

and  con-

. * Consume c; * Consume cs Consume c3

sumption

Crop * Decide M Disburse M Repay (1+r)M

Sequential * Decide My Disburse M; * Receive My < M — M, Repay (1 +r)(My + My)

SC-SSL * Decide M, M, | Disburse M; * Receive My < M — M; | Repay (1 +7r)(M; + Ms)

Credit lines * Receive M; < M * Receive My < M — M, Repay (1 +r)(My + Ms)

The asterisk (*) indicates the decisions to be made.

First, consider the choice under crop credit by solving backward. At ¢t = 2, a borrower chooses
K5 and co after observing the productivity shock 6y and expenditure shock &. They will choose

the second investment K3 such that

01025 (K, K3) =1 if the constraint (9) is not binding, (10)
u'(ch) = 010 Fy (K1, K3)E'(c})|Z2] if the constraint (9) is binding,

where 7y is their information set at ¢ = 2 including (61, 62,&2). The constraint (9) will not be
binding if they have set A, sufficiently high as a precaution against expenditure shocks and positive
productivity shocks but eventually find that no such shocks occur. If the constraint (9) is not
binding (i.e., they save at t = 2), reducing K9 by 1 unit increases the savings carried over to ¢t = 3
by 1, while reducing output at ¢ = 3 by 61602 F;. Therefore, they choose K3 so that its marginal
product equals 1, as expressed in equation (10). We can also show that they will choose the loan
size M at t = 0 to satisfy

Bl/(¢3)] = (1+ 1) E[/(c)]. (11)

Under sequential credit, a borrower can choose the amount of the second disbursement My

subject to the constraints

34



after observing (01, 02,1, £2). The repayment amount at ¢ = 3 is (14 7)(M; + Ma). The first-order

conditions at t = 2 are written as

u'(c3) = (14 ) B[ (¢3)|Zo] + p — v,
(610275 (K1, K3) = (14 r)]E[u(¢3)|Z2] — p+ v =0,

where 1 and v are the Lagrange multipliers associated with the constraints (12) and (13), respec-

tively. If these constraints are not binding, we obtain
9192F5(K1, K;) =1+4r.

By reducing K by 1 unit, they can reduce their repayment at ¢ = 3 by (14r) with reducing output
by 6162 F5. Now the marginal product of Ky equals the capital cost 1+ r, and the investment level
becomes optimal.

Based on this decision rule, they choose (¢1, K1) at t = 1 subject to the budget constraints
c1+ Ky < Ag + My — &1 (14)

Let the Lagrange multiplier associated with the constraint (14) be A\. Assuming the inner solution,
the choice of M at period 0 satisfies
E(\) = E(v). (15)

Suppose they choose a low M;j. If they found 6; or & large, the budget constraint (14) is likely
to be binding, resulting in too low ¢; and Kj. If, on the contrary, they choose M; high, then
the budget constraint (14) will not be binding, but they cannot reduce the loan size due to the
constraint (13) even when 6; and & low. The condition (15) states that they set M; to balance
these two possibilities.

Under sequential credit, the total loan size is determined at period 2. This means that sequential
disbursement changes not only the timing of receiving funds but also the timing of deciding the
total loan size, which eliminates the need for precautionary borrowing. If the constraints on Moy,

(12)-(13), are not binding, M> (and hence, the total loan size) is chosen to satisfy
u'(c3) = (1+ r)Efu(c3)|T2],

where ¢35 = 6102F (K, K}) — £3 — R3, and R3 is the repayment amount at ¢ = 3. Now, compare
this with the condition under crop credit, (11). Under crop credit, borrowers are concerned with
the uncertainty regarding co as expressed in E[u/(c3)] when deciding the loan size. To avoid the
situation where ¢y is too small, crop credit borrowers borrow additional amounts as a precaution.

Note that uncertainty about cs, the level of consumption at period 3, also induces precautionary

borrowing. Even under sequential credit, cs3 is still uncertain at t = 2 owing to expenditure shocks &3
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when deciding Ms. Greater uncertainty in c¢3 induces borrowers to borrow less to avoid a situation
where income is low but repayment amount is large. Moreover, crop credit borrowers who decide
the loan size M at t = 0 face more uncertainty about cs due to the productivity shocks 01, 605. The
existence of severe productivity shocks will further induce crop credit borrowers to borrow less.
Therefore, the impact of sequential disbursement on loan size by reducing precautionary borrowing

will depend on the magnitude of potential productivity and expenditure shocks.

5.2 Numerical exercises and counterfactual simulations

As argued above, the level of precautionary borrowing depends on the magnitude of potential pro-
ductivity and expenditure shocks. Since there exist no closed-form solutions to see this dependence,
we use calibrated models to numerically investigate the level of precautionary borrowing motives
under plausible degrees of productivity and expenditure shocks. To reduce the computational bur-
den, we consider discrete and i.i.d productivity and expenditure shocks, 0;, &, for t = 1,2. We also
omit expenditure shocks at ¢ = 3, as it turns out that their inclusion hardly changes the results
but substantially reduces the computational time.** In particular, we consider the following three
cases:
Case 1 (Greater expenditure shocks):

0, € {0.9,1.0,1.1}, with Pr(6; = 0.9) = Pr(6; = 1.1) = 0.1, Pr(6; = 1.0) = 0.8.

& € {0,5.0}, with Pr(& = 0) = 0.8 , Pr(& = 5.0) = 0.2.
Case 2 (Greater productivity shocks):

0, € {0.8,1.0,1.2}, with Pr(6, = 0.8) = Pr(6, = 1.2) = 0.1, Pr(6; = 1.0) = 0.8.

& € {0,2.0}, with Pr(& = 0) = 0.8, Pr(& = 2.0) = 0.2.
Case 3 (Severer productivity shocks):

0, € {0.6,1.0,1.4}, with Pr(6, = 0.6) = Pr(6, = 1.4) = 0.1, Pr(6; = 1.0) = 0.8.

& € {0,2.0}, with Pr(& = 0) = 0.8, Pr(& = 2.0) = 0.2.
Expenditure shocks are more important in case 1, while productivity shocks are more important
in case 2. Case 3 considers larger productivity shocks. These calibrated models will be used later
for counterfactual policy evaluations. To account for income other than agricultural production,
we introduce a regular deterministic income y in each period, used as the horizontal axis. We set
M = 32,000 BDT, which corresponds to the maximum loanable amount for the average farmer.
The details of the computation are given in Appendix A.3.

Figure 4 depicts the model prediction of the borrower’s choice on the total loan size M* and

44 Appendix Figure 11 shows the loan size and investment amount for time-consistent borrowers when we consider
the expenditure shock at t = 3 as € € {—5.0,0,5.0} with Pr(és = 0) = 0.8 and Pr({3 = —5.0) = Pr(&3 = 5.0) = 0.1.
The pattern is almost identical to panel (A) of Figure 4, which ignores the expenditure shock at ¢ = 3.
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the investment amounts, K and K3 under crop credit (solid lines) and sequential credit (dashed
lines) when v = 1. To focus on the option value effect, we present the case wherein productivity is
at the average level (6; = 1) and there are no expenditure shocks (¢; = 0).45.

Figure 4: Choice of (M, K1, K3) under crop credit and sequential credit when v =1

(A) Time-consistent borrowers

__________ e ——— WHee=——m—r— G ———

T T T T T T T T T T T T —M (Crop) —M (Crop) —M (Crop)
— M (Seq) — M (Seq) — M (Seq)
——K1 (Crop) ——K1 (Crop) ——K1 (Crop)

15 — K1 (Seq) 15 — K1 (Seq) 15 — K1 (Seq)
——K2 (Crop) ——K2 (Crop) ——K2 (Crop)
~— K2 (Seq) ~— K2 (Seq) ~— K2 (Seq)

10

M, K1, K2 (y=1, 8={0.9, 1.0, 1.1}, E={5.0, 0.0}, B=1)

10

M, K1, K2 (y=1, 8={0.8, 1.0, 1.2}, E={2.0, 0.0}, B=1)

M, K1, K2 (y=1, 8={0.6, 1.0, 1.4}, E={2.0, 0.0}, B=1)

0.0 25 5.0 10.0
y

75

(B) PB borrowers

KL, K2 (y=1, 6={0.9, 1.0, 1.1}, £={5.0, 0.0}, B=0.6, Bhat K1, K2 (y=1, 6={0.8, 1.0, 1.2}, £={2.0, 0.0}, B=0.6, Bhat

0.0 25 7.5 10.0

0.0 25 7.5 10.0

2% ——M (Crop) 2007 N~ |—M(Crop)
— M (Seq) — M (Seq)
——K1 (Crop) ——K1 (Crop)
— K1 (Seq) — K1 (Seq)
s K2 (Crom) 15 ——K2 (Crop)
— K2 (seq) — K2 (Sea
10 10
sf T T T T T T —————— st _ - II----------=-
el e e A
0 0

0.0 25 7.5

Panel (A) shows the results for time-consistent borrowers. The loan size M is lower under
sequential credit than under crop credit in all the three cases, illustrating the importance of pre-
cautionary borrowing under crop credit even in the presence of severe productivity shocks.*® As
expected, the difference in loan size is largest in case 1 where expenditure shocks are more impor-
tant.

Note that the second investment is lower under sequential credit, since crop credit leads to
overinvestment as shown in equation (10). The difference in the first investment is much smaller.
The ex-ante expected utility is slightly higher under sequential credit, and the gain in the expected
utility is larger as productivity shocks become more severe (Appendix Figure 13).

Panel (B) shows the results for PB borrowers (8 = 3 = 0.6). We do not simulate case 3
since the maximization algorithm did not achieve convergence for some values of y. In contrast
to the case of time-consistent borrowers, sequential credit results in higher loan sizes. At period

0, the PB borrower expects their future self to overconsume. Under crop credit, they choose a

45 Appendix Figure 12 shows the average loan size under crop credit and sequential credit, indicating similar results

of lower average loan size under sequential credit
46The analogous figures when v = 2 are reported in the Appendix Figure 10. When ~ = 2, the loan size in case 3

is quite similar between crop credit and sequential credit.
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smaller loan size to avoid overconsumption. Under sequential credit, however, they can constrain
consumption at period 1 by setting M; low and can finance the second investment by using the
sequential disbursement My < M — M;. This commitment function of sequential credit results in
a larger investment at period 2. Furthermore, in anticipation of the larger K5 and the resulting
increase in the marginal product of the first investment, F| (K1, K3), the borrower will also make a
larger investment in period 1 than under crop credit. This may explain the larger first investment
amount we found in Table 6. It may also explain the smaller difference in the loan size between crop
credit and sequential cash credit among PB borrowers found in Table 5, although PB borrowers

still borrowed less under sequential credit in our data.

5.3 Suggestive evidence on the role of productivity shocks and the size of the

second disbursement

While the magnitude of precautionary borrowing depends on the size of potential productivity
and expenditure shocks, unfortunately, our data do not contain information on productivity or
expenditure shocks. However, since the second disbursement is determined by M3 = K3 + ¢ +
Ay — & and K3 depends on the productivity shocks (61, 62), the variation in the second investment
K5 should be closely related to the variation in Ms if the productivity shocks are important. We
explore this testable implication in panel (A) of Table 10.

Columns (1)—(2) show the results when we use only the sample of time-consistent borrowers
under sequential credit, and control for the demographic variables that are selected by PDS lasso.
We do not control for group dummies or village dummies, given the possible presence of productivity
shocks at the village level. We do not find a statistically significant correlation between Ky and M.
Including K, which is also affected by the productivity shocks, does not change the results. The
pattern for the first disbursement, which is not affected by the productivity shocks at ¢t = 2, is quite
similar, as reported in columns (3) and (4). We also regress the total loan size (M; + Ms) on Ko
and K7 in column (5) but find no significant correlation.*”. These results suggest that productivity
shocks were not important determinants of loan size.

Note that the signs of the coefficients on K7 and K5 are negative instead of positive and large
in columns (1)—(5). One might be concerned that there are some unobservable factors other than
productivity and expenditure shocks that are correlated with K7 and Ks. To address this issue, we
use crop credit as a benchmark. If there are such unobservable factors that affect credit demand
and are correlated with K7 and Ko, they will also affect loan size under crop credit. Therefore, we
regress loan size on K7 and K5 and their interaction terms with an indicator for sequential credit

in column (6). The coefficients on these interaction terms should reflect the correlation between

47Adding the second-order terms of K2 and K; does not change the results
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Table 10: Determinants of second disbursement and first disbursement

(A) Investment amount and amount of each disbursement (time-consistent)

(1) ) (3) (4) (5) (6)
M2 M2 M1 M1 M:Seq  M:Crop& Seq
Ko -0.497 -0.651 0.342 -0.352 -1.495
(0.387)  (0.465) (0.242)  (0.431) (0.810)
K -0.001 -0.178 -0.372 -0.861 1.122%
(0.482) (0.181) (0.240)  (0.449) (0.508)
Seq X K> 0.914
(0.930)
Seq x K1 -0.731
(0.561)
Observations 63 63 63 63 63 121
(B) Present bias and second disbursement
(1) 2) (3) (4) (5) (6)
M2:Seq cash  M2:Seq kind M1:Seq cash  M2ratio:Seq cash  M2=0:Seq cash M2=0:Seq kind
PB=1 1390.971" 56.227 -493.724 0.072* -0.768" -0.186
(602.319) (736.931) (451.828) (0.031) (0.353) (0.339)
Observations 137 154 137 137 137 154

The table shows the estimated coefficients of the regression, with HC3 robust standard errors in parentheses.

We include the baseline outcome, group dummies, baseline savings, and variables selected by post-double-

selection (PDS) lasso as control. Asterisks indicate statistical significance: * p < .05, ** p < .01.
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productivity shocks and loan size after controlling for these unobservables. The coefficients are still
insignificant, supporting the argument that productivity shocks were not important determinants
of loan size.

The model implies that under sequential credit, a PB borrower will set M; low to limit the
overconsumption of their period-1 self, while a time-consistent borrower will set M7 to balance the
probability of the budget constraints being bound at ¢ = 1 and ¢ = 2. Hence, a PB borrower
will set M; lower and M, higher than a time-consistent borrower. Furthermore, since the PB
borrower will be subject to the present bias in choosing My at t = 2, their second disbursement
will tend to be larger. This pattern is indeed found in the data, as reported in panel (B) of Table
10. Column (1) shows that My of PB borrowers was larger than that of time-consistent borrowers
by 1,559 BDT, which corresponds to 10% of the average loan size of sequential credit. However,
there is no such pattern for sequential in-kind credit, which provides a commitment at ¢ = 2
(column (2)). This suggests that the present bias at ¢ = 2 is the main driver of the larger second
disbursement. Furthermore, as expected, the first disbursement was smaller for PB borrowers,
although not significantly so (column (3)). The ratio of M to the final loan size is 8.6 percentage
points larger for PB borrowers (column (4)). The proportion of borrowers who chose a zero second
disbursement was lower for PB borrowers (column (5)), but not when the loan is disbursed in kind
due to its commitment function (column (6)).

These results suggest a potential for another product. To mitigate the present bias problem
at t = 2, the MFI can let the borrower choose the maximum loan size at ¢t = 0. We call this
product sequential credit with self-set limit (SC-SSL). This product differs from sequential credit
only in the ability to choose M at t = 0. For a time-consistent borrower, it is optimal to set M
large enough so that the period-2 constraint My < M — M is never binding (E(x) = 0). The full
characterization of the model is provided in Appendix A.2.2 and A.2.3. The choice of M at t =0
provides the commitment for the t = 2 decision since it can constrain the amount of consumption
and investment at ¢ = 2. We evaluate this hypothetical product using the calibrated model in the

next section.

5.4 Counterfactual simulations

Now we evaluate the hypothetical product of SC-SSL, where the borrowers set the credit limit
M at t = 0. We also evaluate another hypothetical product — credit lines (CL) — in which the
borrower can choose M7 at t = 1 and Ms at t = 2, that is, they can borrow flexible amounts when
they need and observe shocks. To make interest costs comparable across products in our model
where there is no time discounting, we assume that each borrowing incurs the same interest rate r

regardless of the timing of the borrowing or repayment. Note that time-consistent borrowers have
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no demand for commitment and set M to the maximum loanable amount, so their decision under
these two hypothetical products is the same as under sequential credit, unless there are very severe
negative productivity shocks at ¢ = 1 such that the optimal credit demand given 6, is less than the
first disbursement amount M7, in which case CL generate greater expected utility than sequential
credit.

Figure 5 shows the computational results for PB borrowers with § = 3 = 0.6 and v = 1, with
panel (A) for case 1 (greater expenditure shocks) and panel (B) for case 2 (greater productivity
shocks). The results when = /3’ = 0.8 or when v = 2 are shown in Appendix Figures. The top
left figure in each panel shows the gain of the expected utility over crop credit for sequential credit
(black solid lines), SC-SSL (blue dashed lines), and CL (red dashed lines).

SC-SSL achieves the largest expected utility gain. Compared to sequential credit, SC-SSL
results in a smaller loan size (upper middle panel), a slightly larger first investment (lower left
panel), and a smaller second investment (lower middle panel). In the top middle panel, the actual
loan size My + M5 is shown as a blue dashed line and the self-set credit limit M is shown as a
blue solid line, but both lines coincide. This means that the self-set limit is binding, which creates
commitment and improves the welfare.

In contrast, CL may result in lower expected utility than crop credit when expenditure shocks
are severe or the amount of other income flow is not small. The lower expected utility of CL is
due to the larger loan size (upper middle panel), especially the larger first disbursement (upper
right panel). CL are too flexible for PB borrowers. Under CL, PB borrowers are tempted to
borrow larger amounts to finance excess consumption caused by the present bias. Note that CL
do not necessarily underperform crop credit. When the present bias is modest (8 = 0.8) or the
motivation for consumption smoothing is larger (v = 2), CL achieve greater expected utility, as
shown in Appendix Figures 14-16. Nevertheless, CL are too flexible in many cases and allowing
PB borrowers to set the credit limit through SC-SSL can improve their welfare.

One important lesson from the simulations is that examining only the impact on production-
related outcomes such as investment, output, or profit can mislead the policy implication. Even
though CL achieve the lowest expected utility among these schemes due to excessive borrowing
caused by the present bias, they lead to the largest investment and output. If one calculates
the profit by subtracting the input cost from the output,*® CL also achieve the greatest profit
(bottom right panel). To consider the welfare implications, one needs frequent consumption data
and structural models that translate these variables into interpretable welfare measures such as

expected utility.

48Gince the money is fungible and the borrower can use the money for consumption instead of investment, it is

reasonable and common to disregard the repayment amount when calculating the profit.
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Figure 6 shows the simulation results for partially naive PB borrowers with (S, B) = (0.6,0.8)
and v = 1.%9 Since partially naive borrowers may set the limit too low under SC-SSL by believing
that their period-1 self will not overconsume as much, SC-SSL may lead to lower welfare. However,
compared to sequential credit (black solid lines), SC-SSL (blue dashed lines) does not perform
worse, and in fact, it outperforms sequential credit. The blue solid line in the top-middle figure
shows the credit limit M that the borrower would set at ¢ = 0, and it is not lower than the final
credit demand under sequential credit (blue dashed line), which explains why the SC-SSL does
not underperform sequential credit. Given that the SC-SSL (and sequential credit) gives greater
expected utility than crop credit and CL, the SC-SSL will be the better credit design than existing

microcredit schemes.

6 Conclusion

The timing mismatch between cash flows and credit flows caused by the standard microcredit
for crop farmers would cause underinvestment and low uptake due to its greater effective interest
rate. We evaluated two modified microcredit programs, crop credit and sequential credit, which
match the timing of repayment and disbursement to the cash flow of typical rice farmers. Our
empirical results show that these products increased the uptake rate without worsening the default
rate. Furthermore, sequential credit increased the second investment for PB borrowers due to
its commitment function, and reduced the loan size by eliminating the need for precautionary
borrowing: under sequential credit, borrowers could determine the total loan size after observing
productivity and expenditure shocks. In this sense, the sequential disbursement solves the mismatch
of the timing of realization of the actual credit need and determination of the total loan size. Our
counterfactual simulations based on the calibrated model indicate that increasing the commitment
in sequential credit by having borrowers set the credit limit will be welfare-improving for PB
borrowers, while CL that flexibly respond to borrower’s credit demand will underperform sequential
credit, and in some cases, even crop credit.

The concept of the precautionary borrowings shed a new light on the role of emergency loans,
CL, and alternative borrowing sources. The mere access to these services can reduce the total
loan size and alleviate the debt burden. However, as shown in our counterfactual analysis on the
credit line, it may exacerbate the problem of overborrowing among PB borrowers. In this regard,
a desirable financing system would be to put both flexibility and commitment into borrowing from
one institution at the same time as limiting multiple borrowings. In the context of crop farmers,

our sequential credit with self-set limit is one such product.

49 Appendix Figure 17 reports the results when v = 2.
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Furthermore, we exemplify the importance of theoretical frameworks to derive welfare implica-
tion from the estimation results. In the calibrated model, CL result in greater investment and profit
as found in the experimental evidence by Aragén et al. (2020), but they may provide lower expected
utility than crop credit for PB borrowers under some parameter values. While CL reduce the pre-
cautionary borrowing and increase the investment and profit through its flexible disbursement, this
flexibility counteracts for PB borrowers. Only investigating the impact on the production side will
not suffice for identifying desirable policies, and we need theoretical frameworks that assess the
program impact based on a set of variables related to consumption and production in a unified
way. We leave this research line for future work.

This study also did not consider the issues relating to asymmetric information such as adverse
selection and moral hazard, since modifying the timing of repayment and disbursement did not
change the repayment performance. Rather, our point estimates suggest this timing modification
may improve the repayment rate. This result is interesting as these modified schemes attracted
borrowers with less steady income flows, who are usually regarded as riskier borrowers. Further
investigation on the borrower’s response to the change in the timing of repayment and disbursement

in terms of selection and moral hazard will be another potential direction of future research.
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Figure 5: Counterfactual policy simulations (8 = B =0.6 and vy =1)
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(A) Greater expenditure shocks

Figure 6: Counterfactual policy simulations (8 = 0.6,3 =0.8and y=1)

V (y=1,8={09, 1.0, 11}, £={5.0, 0.0}, B=0.6, Bhat=0.8)

M (y=1, 6={0.9, 1.0, 1.1}, £={50, 0.0}, B=0.6, Bhat=0.8)

M1 (y=1, 8={0.9, 1.0, 1.1}, £={5.0, 0.0}, B=0.6, Bhat=0.8)

~ 100 |
I\ ——Seq (M1 = M) vs Croj —35
L = P eq (M1 < M)
Loit I\ |-~ seqSSLvsCrop — Seq:ssL
— — Credlt line vs Crop 75+t — — Credit line
1.008
1.005 50
0 —— Crop
——Seq (ML= M)
1002 sl — — SeqSSL 25+
— — Credit line
0.999 — Min SC-S5L ~ N
0 00 ~
10 15 20 25 30 10 15 20 25 30
A0 A0
K2 (y=1,8={09, 1.0, 1.1}, §={5.0, 0.0}, B=0.6, Bhat=0.8) Profit (y=1, 8={09, 1.0, 1.1}, £={5.0, 0.0}, =0.6, Bhat=0.8)
8l 4
6 | 3
/
! I
ar 2r o8t |
I
—— Crop —— Crop |
2k — Seq (M1 = M) 1k — Seq (M1 = M) 0.96 - | —Seq (M1 = M) vs Crop
— — Seq-SSL — — Seq-SSL | — — Seq-SSL vs Crop
— — Credit line — — Credit line — — Credit line vs Crop
o o 094 |
10 15 20 25 30 10 15 20 25 30 10 15 20 25 30
A0 A0 A0
(B) Greater productivity shocks
V (y=1, 6={0.8, 1.0, 1.2}, £={2.0, 0.0}, B=0.6, Bhat=0.8) M (y=1, 6={038, 10, 1.2}, £={20, 0.0}, B=0.6, Bhat=0.8) M1 (y=1, 6={0.8, 1.0, 1.2}, £={2.0, 0.0}, B=0.6, Bhat=0.8)
100 ~
1025 —— Seq (M1 = M) vs Crop —Seq (M1 =< M)
h — — Seq-SSL vs Crop 20 - — Seq-SSL
— — Credtt line vs Crop 75 — — Credit line
1.020 -
15+
1.015 sol
™~ 0 —— Crop
1010 ——Seq(M1L=M)
sl — — SeqSSL 25}
1.005 - — = Credit line
—— Min SC-SSL
0 0.0
10 15 20 25 30 10 15 20 25 30 10 15 20
A0
K2 (y=1,6={038, 1.0, 1.2}, £={2.0, 0.0}, B=0.6, Bhat=0.8) P
gl T T T T T T T T T T T ===
__ 102
3k
I e —— 100
i
!
L 098 -
2 I
]
—— Crop —— Crop 096 - J
2k — Seq (M1 < M) 1+ — Seq (M1 = M) v — Seq (M1 < M) vs Crop
—— Seq-SSL — — Seq-SSL 094 Ve — — Seq-SSL vs Crop
— — Credit line — — Credit line I, / — — Credit line vs Crop
0 10 15 20 25 30 0 10 15 20 25 30 10 15 20 25 30

A0

A0

45

A0



References

Abadie, Alberto, Susan Athey, Guido W Imbens, and Jeffrey M Wooldridge, “When
should you adjust standard errors for clustering?,” Quarterly Journal of Economics, 2022, 138

(1), 1-35.

Afzal, Uzma, Giovanna D’Adda, Marcel Fafchamps, Simon R Quinn, and Farah Said,
“Implicit and Explicit Commitment in Credit and Saving Contracts: A Field Experiment,”

Technical Report, National Bureau of Economic Research 2019.

Alan, S., T. Crossley, and H. Low, “Saving on a Rainy Day, Borrowing for a Rainy Day,”
Cambridge Working Papers in Economics 1222, Faculty of Economics, University of Cambridge
May 2012.

Amador, Manuel, Ivan Werning, and George-Marios Angeletos, “Commitment vs. Flexi-

bility,” Econometrica, 2006, 74 (2), 365-396.

Aragén, Fernando M, Alexander Karaivanov, and Karuna Krishnaswamy, “Credit lines
in microcredit: Short-term evidence from a randomized controlled trial in India,” Journal of

Development Economics, 2020, 146, 102497.

Armendariz de Aghion, Beatriz and Jonathan Morduch, The Economics of Microfinance,

Cambridge, MA: MIT Press, 2010.

Ashraf, Nava, Dean Karlan, and Wesley Yin, “Tying Odysseus to the Mast: Evidence from
a commitment savings product in the Philippines,” Quarterly Journal of Economics, 2006, 121

(2), 635-672.

Attanasio, Orazio, Britta Augsburg, Ralph De Haas, Emla Fitzsimons, and Heike
Harmgart, “The impacts of microfinance: Evidence from joint-liability lending in Mongolia,”

American Economic Journal: Applied Economics, 2015, 7 (1), 90—-122.

Augsburg, Britta, Ralph De Haas, Heike Harmgart, and Costas Meghir, “The impacts
of microcredit: Evidence from Bosnia and Herzegovina,” American Economic Journal: Applied

Economics, 2015, 7 (1), 183-203.

Banerjee, Abhijit, Esther Duflo, Rachel Glennerster, and Cynthia Kinnan, “The miracle
of microfinance? Evidence from a randomized evaluation,” American Economic Journal: Applied

Economics, 2015, 7 (1), 22-53.

46



Barboni, Giorgia and Parul Agarwal, “How do flexible microfinance contracts improve repay-

ment rates and business outcomes? experimental evidence from india,” 2021.

Battaglia, Marianna, Selim Gulesci, and Andreas Madestam, “Repayment flexibility and

risk taking: Experimental evidence from credit contracts,” 2023.

Bauer, Michal, Julie Chytilova, and Jonathan Morduch, “Behavioral foundations of micro-
credit: Experimental and survey evidence from rural India,” American Economic Review, 2012,

102 (2), 1118-39.

Belloni, Alexandre, Victor Chernozhukov, and Christian Hansen, “Inference on treatment
effects after selection among high-dimensional controls,” Review of Economic Studies, 2014, 81

(2), 608-650.

Brune, Lasse, Eric Chyn, and Jason Kerwin, “Pay Me Later: Savings Constraints and the

Demand for Deferred Payments,” American Economic Review, 2021, 111 (7), 2179-2212.

Burke, Marshall, Lauren Falcao Bergquist, and Edward Miguel, “Sell low and buy high:
arbitrage and local price effects in Kenyan markets,” Quarterly Journal of Economics, 2019, 134

(2), 785-842.

Caballero, Ricardo J, “Consumption puzzles and precautionary savings,” Journal of Monetary

Economics, 1990, 25 (1), 113-136.

Carroll, Christopher D and Andrew A Samwick, “How important is precautionary saving?,”

Review of Economics and Statistics, 1998, 80 (3), 410-419.

Casaburi, Lorenzo and Rocco Macchiavello, “Demand and supply of infrequent payments
as a commitment device: evidence from Kenya,” American Economic Review, 2019, 109 (2),

523-55.

Chowdhury, Shyamal, Prabal Roy Chowdhury, and Kunal Sengupta, “Sequential lending
with dynamic joint liability in micro-finance,” Journal of Development Economics, 2014, 111,

167-180.

Christiaensen, Luc, Lionel Demery, and Jesper Kuhl, “The (evolving) role of agriculture

in poverty reduction — An empirical perspective,” Journal of Development Economics, 2011, 96

(2), 239-254.

Collins, Daryl, Jonathan Morduch, Stuart Rutherford, and Orlanda Ruthven, Portfolios
of the Poor: How the World’s Poor Live on $2 a Day, Princeton University Press, 2009.

47



Czura, Kristina, “Do flexible repayment schedules improve the impact of microcredit? Evidence
from a randomized evaluation in rural India,” Technical Report 2015-20, Munich Discussion

Paper 2015.

Das, Narayan, Alain de Janvry, and Elisabeth Sadoulet, “Credit and Land Contracting: A
Test of the Theory of Sharecropping,” American Journal of Agricultural Economics, 2019, 101
(4), 1098-1114.

Dehejia, Rajeev, Heather Montgomery, and Jonathan Morduch, “Do interest rates mat-
ter? Credit demand in the Dhaka slums,” Journal of Development Economics, 2012, 97 (2),
437-449.

Druedahl, Jeppe and Casper Nordal Jorgensen, “Precautionary borrowing and the credit

card debt puzzle,” Quantitative Economics, 2018, 9 (2), 785-823.

Duflo, Esther, Michael Kremer, and Jonathan Robinson, “Nudging farmers to use fertilizer:
Theory and experimental evidence from Kenya,” American Economic Review, 2011, 101 (6),

2350-90.

Dupas, Pascaline and Jonathan Robinson, “Savings constraints and microenterprise devel-
opment: Evidence from a field experiment in Kenya,” American Economic Journal: Applied

Economics, 2013, 5 (1), 163-192.

Field, Erica and Rohini Pande, “Repayment Frequency and default in micro-finanace: Evidence

from India,” Journal of the European Economic Association, 2008, 6 (2-3), 501-509.

_, _, John Papp, and Natalia Rigol, “Does the classic microfinance model discourage en-
trepreneurship among the poor? Experimental evidence from India,” American Economic Re-

view, 2013, 103 (6), 2196-2226.

Fink, Gunther, B Kelsey Jack, and Felix Masiye, “Seasonal Liquidity, Rural Labor Markets,
and Agricultural Production,” American Economic Review, 2020, 110 (11), 3351-92.

Fischer, Greg and Maitreesh Ghatak, “Repayment frequency in lending contracts,” Technical
Report, London School of Economics 2016.

Harris, Christopher and David Laibson, “Dynamic Choices of Hyperbolic Consumers,” Econo-

metrica, 2001, 69 (4), 935-957.

Hill, Ruth and Maria Eugenia Genoni, “Bangladesh Poverty Assessment : Facing Old and
New Frontiers in Poverty Reduction,” Technical Report, World Bank Group, Washington, D.C.
2019.

48



Hossain, Marup, Mohammad Abdul Malek, Md Amzad Hossain, Md Hasib Reza,
and Md Shakil Ahmed, “Agricultural microcredit for tenant farmers: evidence from a field

experiment in Bangladesh,” American Journal of Agricultural Economics, 2019, 101 (3), 692-709.

John, Anett, “When commitment fails: evidence from a field experiment,” Management Science,

2020, 66 (2), 503-529.

Karlan, Dean and Jonathan Zinman, “Long-run price elasticities of demand for credit: ev-
idence from a countrywide field experiment in Mexico,” Review of Economic Studies, 2019, 86

(4), 1704-1746.

_ and Sendhil Mullainathan, “Rigidity in Microfinancing: Can One Size Fit All?,” QFinance,
June 2010.

Khandker, Shahidur R., M.A. Baqui Khalily, and Hussain A. Samad, Beyond ending
poverty: The dynamics of microfinance in Bangladesh, The World Bank, 2016.

Kimball, Miles S, “Precautionary Saving in the Small and in the Large,” Econometrica, 1990,

58 (1), 53-73.

Laibson, David, “Golden Eggs and Hyperbolic Discounting,” Quarterly Journal of Economics,
1997, 112 (2), 443-477.

MacKinnon, James G and Halbert White, “Some heteroskedasticity-consistent covariance

matrix estimators with improved finite sample properties,” Journal of Econometrics, 1985, 29

(3), 305-325.

Ogaki, Masao, Jonathan D Ostry, and Carmen M Reinhart, “Saving Behavior in Low- and
Middle-Income Developing Countries: A Comparison,” IMF Staff Papers, 1996, 43 (1), 38-71.

Robins, James M., Andrea Rotnitzky, and Lue Ping Zhao, “Analysis of semiparametric
regression models for repeated outcomes in the presence of missing data,” Journal of the American

Statistical Association, 1995, 90 (429), 106-121.

Shonchoy, Abu S and Takashi Kurosaki, “Impact of seasonality-adjusted flexible microcredit
on repayment and food consumption: Experimental evidence from rural Bangladesh,” Technical

Report 460 2014.

Suri, Tavneet, Prashant Bharadwaj, and William Jack, “Fintech and household resilience
to shocks: Evidence from digital loans in Kenya,” Journal of Development Economics, 2021, 153,

102697.

49



Wooldridge, Jeffrey M, Econometric Analysis of Cross Section and Panel Data, Vol. 1, MIT
Press, 2010.

Yogo, Motohiro, “Estimating the Elasticity of Intertemporal Substitution When Instruments Are
Weak,” Review of Economics and Statistics, 2004, 86 (3), 797-810.

50



A Appendix

A.1 Derivation of the optimal decision rule and comparative statics in the

benchmark model
A.1.1 A time-consistent borrower

As outlined in section 2, the time-consistent farmer’s problem is

o max u(er) + u(e2) + u(es)
s.t. a+ K <A (A1)
o+ Ko = Ay (A.2)
c3s=F(K,Ky)— (1—m —m)(1+7)M (A.3)

M <M,

where A; and A, are the resources available for consumption and investment at periods 1 and 2
defined in equations (3) and (4) in the main text, respectively. For generality, we consider other
income flows at periods 1 and 2, y1, y2. These income flows can be easily introduced by modifying

the transition of the asset level A; as follows:

Ay =Ao+uy + M —m(1+r)M, (A.4)
A2:Al—l-yg—cl—K1+M—M1—7T2(1+7“)M. (A5)

Note that the disbursement schedule, captured by Mj, will not affect the borrower’s decision
unless M is sufficiently small that the period-1 budget constraint (A.1) is binding. The borrower
will not benefit from such a low level of M since it only imposes an additional binding constraint.
Hence, if the borrower could choose Mj, they would set M; large enough that the budget constraint
(A.1) would not be binding.

We solve the problem by backward induction. Since the consumption at ¢ = 3 is automatically
determined once the level of investment (K5, K3) and the loan size M are chosen, there is no
decision to be made at ¢t = 3. Hence, we start with the problem at ¢t = 2, where the borrower

chooses (c2, K2). Using the equations (A.2) and (A.3), we can write the value function at ¢t = 2 as
‘/2(A27 Ky, M) = IIII?X U (A2 — KQ) +u (F(Kl, KQ) — (1 — T — 7T2)(1 + T‘)M) (A6)
2

The vector (Ag, K1, M) constitutes the state variables for the decision problem at ¢ = 2. The
first-order condition (FOC) is
u'(ch) = Fy(Ky, K3)u'(c5), (A.7)

o1



where we use asterisks to denote the solution. Note that the solutions are the functions of the state
variables (Ag, K1, M), which we express as ¢5 = ¢5(Aa, K1, M) and K3 = K;(Ag, K1, M). Partial

derivatives of the value function are:

o () (A%8)

2

W (<, K (eh) (A9)
1

oV; %

aT\; = —(1—my —m)(1+ ) (ch). (A.10)

Now, consider the problem at ¢ = 1. Using the value function (A.6) and the transition equation

(A.5), we write the problem as

max u(cl) + VQ(AQ, Ky, M)

c1,K1

s.t. 1+ K1 < A4 (All)
AQ:Al—‘ryl—Cl—Kl—i-M—Ml—ﬂ'Q(l—i-T)M.

Note that the constraint (A.11) will not be binding if M — M is sufficiently small.>® Then, we can

write the value function as

Vl(Al,M) = mz[i(x u(cl) + V5 (Al —c— K+ M- M; —7T2(1+7")M,K1,M).
c1,K1

The FOCs are
oVy

u’(c’{)—@—o,
Ve OV
_87A2+78K1 =0.

Using equations (A.8) and (A.9), these conditions reduce to

W (¢h) = ' (e3), (A.12)

u'(c3) = FI(KT, K3 )u'(c3). (A.13)
Since u' is strictly decreasing, equation (A.12) implies
] = . (A.14)
Combined with equations (A.7) and (A.12), equation (A.13) implies

F{(KT, K3) = Fy(KT, K3). (A.15)

50Quppose the constraint (A.11) is binding. Then A2 = M — My + m2(1 + )M and hence c; = Ay — Ky =
M — My — Ko — mo(l +7r)M. If M — M, is sufficiently small, then co < 0, which contradicts the borrower’s

optimization.
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The partial derivatives of the value function are:

i avs
22 x Al
oA, — o4, ~ v (A.16)
oV oV 0Vy . .
E Vi [1—mo(l+ 7“)]67142 + E Vi [1—mo(147)|u'(c3) — (1 —m — m2) (1 + r)u'(ch).(A.17)
Finally, consider the problem at ¢ = 0 in which the borrower solves
max Vi(A1, M)
M
st. M <M (A.18)
Al = Ag+ My — 7T1(1 +T)M.
If the constraint (A.18) is not binding, the FOC is
oy ov
—m (1 Sy =
7T1( + T) 8A1 OM O’
which can be rewritten by using equations (A.16), (A.17), and (A.7) as
QFy (KT, K3)u'(c3) — (Q + 1) v/(c3) =0, (A.19)
where @ =1 — (7w + m2)(1 + 7). Hence the borrower chooses the loan size M so that
FIRT, K5) = Fy(KT K) =1+ 5 (8.20)

If # =0, then @ =1 and F{(K},K5) = 1+ r holds: the farmer employs credit until its marginal

product equals its cost. However, if # > 0 as in the standard microcredit, then 1 + 6 > 1+,

resulting in underinvestment. Furthermore, if Q < 0, then the left-hand side of equation (A.19) is

always negative for any r > 0, and it is suboptimal for farmers to take loans. This is because the

borrower must repay (1 — Q)M before harvest, and @ < 0 implies that they must repay the amount

they borrowed (M) or more before harvest. If the constraint (A.18) is binding, then M = M and

Fi(K7, K3) = Fy(K7,K3) > 1+ &.

Unless the constraint (A.18) is binding, the investment decision only depends on 6 Hence, the

initial wealth Ay and other income flows y;, y2 will not affect K;. From equations (A.2), (A.4),

(A.5) and (A.14), we can obtain

c;=cy==(Adg — Kj — K} + QM™).

1
2

where 1210 = Ao+ y1 + yo.
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The effect of the repayment schedule m; and 7o only works through the change in Q. We can
apply the comparative statics to the FOCs (A.7), (A.14), (A.15) and (A.20), and derive

oK
50 >0,

oK

20 > 0,

dc;  0csy

20 —ag Y

implying that increasing the ratio of the installment before harvest (a decrease in @) will reduce
the investment and consumption at ¢ = 1,2. Its impact on the loan size M is undetermined
without further assumptions on the utility and production functions even though the investment

and consumption declines.®! Specifically, the effect of Q on M can be written as

oM* 1 6Kf+8K§+2ac§
0Q Q|oQ  0Q 0Q

The last term M™ captures the effect of borrowing for repayment. Reducing @ by AQ lowers

- M.

the resources available before harvest by AM, which induces borrowers to borrow for installment
repayment to smooth consumption and finance the investment. Furthermore, by denoting the
optimized total utility by V' = u(c]) + u(ch) + u(ch), we can also derive
ov. rM* , .
— =——u'(c3) > 0.
Q  Q
A greater ratio of installment before harvest reduces the total utility, and thereby reduces the

uptake rate.

A.1.2 Additional funding sources

Now we incorporate additional funding sources into the baseline model by allowing a farmer to

borrow b; at period ¢. Denote the debt outstanding at period ¢t by B; and consider the transaction

51To be concrete, the exact expressions of the comparative statics when M* < M are

oOK; r 4 fFJ/;
0Q  Q* F\Fy, — (F[)?
dci _ Oc rDyg

Q-0 Y

>0 for j =1,2,

where Do = u/(c}) — (Q +r)M*u”(c3) > 0 and D1 = Q%*u”(c3) + 2(Q + r)%u”(c}) < 0. Note that Fiy — F{} > 0,
F{y — FY, > 0 and F{}Fjy > (F{4)? are directly derived from the property of the production function. We can also

derive
OM* _ 1 [r 2Ry —Fi—Fj 2Dy .
0Q Q| Q% Fl\Fjy — (F{y)? Dy ’

. . . . . — OK7 .
whose sign is undetermined without further assumptions. We can also show that when M™* = M, TQJ >0forj=1,2
acy ac}
and an = an > 0.
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function for B; given by

Bit1 = pi(Be + by)

where pi(d) > d is the debt outstanding including the interest payment. If a farmer can borrow at
a fixed interest rate 4, then pi(d) = (1 +i)d and p}(d) = 1+ 4. As the poor often rely on multiple
borrowing sources with different interest rates (Collins et al., 2009), we assume p;(-) to be weakly
convex and differentiable, satisfying 7;(-) > 1 and p}(-) > 0. Given the fact that people often
borrow money from relatives and friends without interest payment, it is likely that p;(d) > (1+r)d
for small d. Since the investment generates the return at ¢ = 3, it is optimal for them to repay the
debt at ¢ = 3. For generality, we allow the borrower to choose M; and to have other income flow

y¢. Then the problem of the farmer is modified as

01702,K1,1Ig?]\)},M1,b1,52 U(Cl) + U(C2) + u(03)

st.cqp+ K1 <A+ by
c2+ Ko = As + by
c3=F(K,Ky)+ys— (1 —m —me)(1+7)M — B3
A=A+ +M —m(1+r)M
As=A14+yo—c1 —Ki+ M- M, —me(1+7)M
M, <M<M
b1 >0
by >0
By = p1(b1)
B3 = pa(Ba + ba).

The value function at t = 2 is defined as

Vg(AQ,Kl,M, BQ) = Il?abxu(AQ + by — Kg)—i—u (F(Kl,KQ) — (1 — T — 7T2)(1 +7“)M — pQ(BQ + bg)).
2,b2

The FOCs are given by equation (A.7) and
u'(c3) = py(Ba + b3)u'(c3),
where ¢, K5 and b} are the functions of (A2, K1, M, Bs). These two FOCs imply
by =0 if py(B2) > F3(K1, K3)

Fy(K1,K3) = ph(Ba + b3) otherwise. (A.21)
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Partial derivatives of the value function are given by equations (A.8), (A.9), (A.10), and

Vs

Sh = (B2 + B (<)) (A22)
Now consider the problem at ¢ = 1. Note that if ¢] + Ki < Ay, the farmer will choose b} = 0.

To see this, consider the value function at ¢t = 1:

Vi(Ar, M, My) = max uler) + Vo (A1 +ya —c1 — K1+ M — My — mo(1 +7)M, K1, M, p1(b1))

s.t. g + K1 < Ay + by,

The FOCs are

W) - g o,

Ve OV
~ o4, Tk,

Vs

/ _— =
pl(bl)aBQ 0.

But because 1%/22 < 0 as shown in (A.22), it is optimal to set b] = 0 in this case. The first two
FOCs reduce to the same conditions as in the baseline model above:
€] = Cs.
u'(c3) = F{(KT, K3)u'(c3),
which implies
F{(KT, K3) = Fy(KT, K3).

The partial derivatives of the value function are the same as the baseline model:

oV, 0V

- _ T !/ *x

oA, ~ oA, (Y

oV Vy | OV:

onr = L= m( gz + gup = (1= me(l b n)u'(es) = (1= m = ma)(1+ )’ (c3)(A.28)
Vi _ Vs _ s

Next we consider the case where ¢} + K7 > A;. Then ¢; = A1 +b; — K1 and the value function
becomes
VI(Alv M> Ml) = II?ag( ’LL(Al + bl - Kl) =+ V2 (112 + M — Ml - 7T2(1 + T)Mv K17 Ma Pl(bl)) )
1,91
which gives the FOCs as

i
- OKy’

u/(c]

oVy

2.
9B,

W (e) + pi (bn)
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With equations (A.9) and (A.22), these two FOCs imply
F{(KT, K3) = p'y(b1)p(B2 + b).
Combined with the assumption of p}(b;) > 1 and equation (A.21), this indicates
F{(KT, K3) > Fy(KT, K3).

The partial derivatives of the value function are given by

oV

i 1 *x
8141 U(CI)

and equations (A.23) and (A.24).

Finally, we consider the problem at ¢ = 0, in which the borrower solves

max ‘/1(141, M, Ml)
M, My

st. M <M<M (A.25)
Ay = Ao+ + M, *71'1(1 +T‘)M

If the constraint (A.25) is not binding, the FOCs are
ovi oV

—m(l+r) e 4 = =0
m( )2+ o
oy AV
A, OM,
Note that g% = u/(c}) if ¢} + K7 < Ay and J4b = /(c) if ¢f + K} > Ay. Since Syt = —u/(c3),

the second FOC implies that the borrower will choose M large enough so that ¢} + K7 < A; holds.
Any M that results in ¢f + K{ < A; will give the same utility level. Then the first FOC implies

the same condition as in the baseline model above:
QF3 (KT, K3)u'(c3) = (Q + ) u/(c3).
Since the borrower chooses M; to satisfy ¢] + K| < A;, we finally obtain b7 = 0 and

* * * * * /r
Fi(K{,K3) = Fy(KT,K3) = ph(b3) = 1+ o

Note that if p5(0) > 1 + G- then they will not rely on these additional borrowing sources. The
above expression implies that the lower @) (a greater ratio of installment before harvest) will induce
more borrowing if pj > 0. If p5 > 0, they only use the microcredit if p; > 1+ 5 and will not use

the microcredit otherwise.
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A.1.3 A present-biased borrower

Consider a quasi-hyperbolic discounter who discounts the future by g. At t = 0, they decide the
total loan size M and the amount of the credit disbursed at ¢ = 1, M;. They believe that their
future self will discount the future by B e [p,1]. If B = [, they correctly predict their present
biasedness (sophisticated). If 3 = 1, they are unaware of their present bias (naive).

For simplicity, consider the case of m = 0. The resources available for consumption and invest-

ment at t = 1,2 are

Ay = Ag + My,
Ay = A1 —c1 — K1+ M — M.

Period-2 problem

Write the discounted value function that their period-2 self maximizes as Wa:
Wa(Az, K1, M; f) = max u(Ay — Ko) + fu (F(Ky, i) — (1+7)M),
2

where we explicitly write that W depends on the present bias S along with the state variables
(AQ,Kl,M). The FOC is
u'(c3) = By (K1, K3)u'(c3), (A.26)

where ¢§ = F(K;,K3) — (14 r)M. This gives the decision rules for ¢ and K> as a function of the
state variables (Ag, K1, M) and the present biasedness 3, denoted by ¢ = ca(A2, K1, M; 5) and
K5 = Ky(As, K1, M; 3). For brevity, we denote these rules as c;(’B) = c9(Ag, K1, M; ), K;(ﬁ) =
Ky(Ag, K1, M; 8), and ;P = P(iy, K3 — (1 + )M

The partial derivatives of the discounted continuation value are

8W2(A27K1)M;IB) ! *(/B)

94, =u'(cy")
6W2(A27K17M;6) * *

K — BF{(Kl,K2(ﬁ))u'(c3(ﬁ))
8W2(A27K17M;ﬁ) _ / *(6)

T LAt

Period-1 problem

At t = 1, they believe that their period-2 self will follow the decision rule cg(ﬂ ) and K;(’B ). We
define the state variables as (Ao, M, M) instead of (A1, M), which makes the analysis simpler. The

o8



discounted value function that their period-1 self maximizes is

WI(AOaMa M17BaB) = max U(Cl) +ﬂ‘72(A2,K1aMa B)
C1,181
s.t. g+ K1 < Ap+ M (A27)
Ay =Ap+ M —c; — K,
where

Va( Az, K1, M B) = ul(&s ™) + w (P(R, BG7) = (14 1) M)

is the continuation value under the decision rule with their belief B .
First, we derive the partial derivatives of Vg(Ag,Kf,M 73) by exploiting the link between
VQ(AQ,Kl,M;B) and Wg(Ag,Kl,M;B) following Harris and Laibson (2001). Given the decision

rule c;(ﬁ ) and K; 3 ), the discounted continuation value Wy (Aq, K1, M; ﬁ) is written as:
Wa(Aa, K1, M; 3) = (e D) + fu (F(101, 15 = (14 7)M1)
Hence VQ(AQ, Ky, M, B) and Wy (Ag, K1, M, B) are linked in the following way:
Wa(As, K1, M3 B) — BVa(As, K1, M; ) = (1 — 5)“(03(3))7

or

Va(Ag, K1, M; B) = ; |:W2(A2,K1,M;B) —-(1- B)u(c;(é))] _
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Then, we can derive®?:

OVy(As, K, M3B) _ L [0Wa(Aa K MiB) () e i) 065"
DAy 3 DAy 2704y |7
(B o 86*(3)
= F)(Ky, K3/ (5P [1 —(1-P) af42 (A.28)
OVal(Az K, MiB) _ 1 [OWalda Ky MB) _y o ot 057
0K, 3 0K, 2 OK,
1+ BN | +(8) o g (), 083
:’U,(C3 ) F1<K1aK2 )+(1_6)F2(K17K2 ) (9K1 )
8‘72(A27K17M§B) _ 1 OWs(Ag, K1, M; B) —(1 _B)u/(c*(ﬁ))ac;(ﬁ)
oM 8 oM 2 7 oM
(3 R (3 o *(B)
= —d () |14+ (1= BYFy(KL, K5 7) giw ] .

Decision rules at t =1 We denote the decision rules of the borrower’s period-1 self by ci(ﬁ A =

c1(Ag, M, Ml;B,B) and Kf(’g’ﬂ) = Ki(Ao, M, Ml;B,B) to make explicit their dependence on the
true 8 and their belief 3. We separately consider the decision rules when the constraint (A.27) is

not binding versus when it is.

52 . C . . . . . . 8c*(é) 3K*(é)
By differentiating equation (A.26), we can derive the partial derivatives 8342 an 812(1

as follows:

¢, BlFgu (e5”) + () " (57))]

= 0
94 D> ”
aK;(B) _ _B[F{éu'(cg(ﬁ)) + F{FQ’U”(CZ(B))]
8K1 D2
—wy *(B) arprr 1y x(B) N2 1y #(B) . . 86;(5) .
where Dy = u”(c; ™) + B[Fozu’(c3™) + (F2)"u"(c53)] < 0. It is straightforward to show 0 < =% — < 1. Since
Ko=A ;B _ | _0g® The sign of 25" depends on F{. 1 ity b K and K
2=As—c2, 55— =1-"5 € (0,1). The sign o a1 depends on Fi» (complementarity between K1 and K3)

#(B)
and the concavity of u. Unless the complementarity is sufficiently strong or a farmer is nearly risk neutral, %

is negative. An increase in K; has two effects: (1) leaving less resources at period 2 and hence reducing K>, and
(2) increasing the marginal product of K3 and increasing K. The total effect depends on these two effects. If we
assume a Cobb-Douglass production function and CRRA utility function u(c) = %, then Fy Fou' (c3) + Fisu'(c3) =
F{’gc;(HV) [(1—-%)Y — (1 +r)M]. Most empirical literature on the intertemporal substitution has found that v > 1

*(B)
(Ogaki et al., 1996; Yogo, 2004), in which case % < 0.
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Case (a): the constraint (A.27) is not binding. The FOCs are
8y _ 52Va( A K100 M )
DA,
0As 0K,

e

=0 (A.29)

-8 =0, (A.30)

where A5 = Ag+ M — c;(’B P _ K ik 5:5) is the value of Ay on the optimal path. Using expression
(A.28), the FOC (A.29) is rewritten as

X 5 ) . _5.x(B)
UI(CI(B’B)) — BFé(K;(B’ﬁ),K;(B))U,(C;;(ﬁ)) [1 _ (1 — B) 8(;1242 , (A31)
e son wi s ) s 2 B)
where 5 > 0 (footnote 52). Comparison with the FOC at ¢ = 2, (A.26), implies ¢; > ¢y

~ ~ «(B)
where the strict inequality holds if 8 < 1. The term (1 — 5)% reflects the fact that the borrower

who understands their present bias (B < 1) makes their consumption decision considering that
the current increase in the consumption and thus the reduction in As will constrain their period-2
consumption, alleviating the present bias problem at t = 2. Hence, being aware of one ~ s own
present bias will further exacerbate the overconsumption at ¢t = 1, as they expect that their future
self will consume more if they choose lower consumption to leave more assets for their future self.

We can also rewrite the FOC (A.30) as

* 3 * 3 * 3 * 3 S\ A * 3 * 3 80*(3) aK*(B)
Fé(Kl(ﬁ’ﬁ),KQ(ﬁ)) _ F{(Kl(ﬂ’ﬂ),KQ(ﬁ)) =(1- B)ﬁFQI(Kl(B’ﬁ) KQ(B)) 3?42 + 8[2(1

I

(A.32)

The marginal product of the investment will be equalize if they are unaware of their present bias
(B=1). I B < 1, then Fy(K;P7 15Dy > py(r; PP K319y 53
Note that given Ag and M, the value of M; will not affect the state variable at t = 2

(A2, K1, M), when the constraint (A.27) is not binding. Hence, the FOCs (A.29) and (A.30)
imply that: ) A

=0 =0
oM, ’ oM, ’

which also implies that: R
8W1(A07 M7 Ml;/Ba 5)
oM,

53Using the expression for the partial derivatives derived in footnote 52, equation (A.32) becomes

=0.

(Fs — Fit)u'(57) + Fy(F — F{)u"(c;”)

Fy— Fi = (1= p)BF; b ,

which can be rewritten as
1/ 1/
Fay — Fip

FQ, - Fl’ = (1 - B)BFQ/U,(Cg(ﬁ)) *(B8) arn *(B) a( “(B)yy
u’(cy ) + BlF5pu/ (e ) + B(F3)?u" (c5 )]

As both of the numerator and denominator are negative, Fs — F{ > 0 as long as 0 < B < 1.
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Case (b): the constraint (A.27) is binding. With the constraint (A.27) binding, the borrower
maximizes u(A; — K1) + ﬁVQ(M — My, Ky, M; /3’), which gives the FOC

OVa(M — My, KPP M; B)

=0
0K,

which balances the current cost of reducing ¢; and the future benefit of increasing K. By substi-

tuting expression (A.30), this condition becomes

0K

ul(c*lﬂ(ﬁﬁ)) — 5UI(C§(B)) F{(Kr(ﬁ’ﬁ), K;‘(B)) 4 (1 _ B)F2/<Ki“(575), K;(ﬁ))

or; L . . . ,
If ﬁ < 0, which is the plausible case as stated in footnote 52, being aware of one s own present
bias will further exacerbate the overconsumption at ¢ = 1, as they expect that their future self will
compensate for the reduction of the output loss, due to the smaller first investment, by increasing

the second investment.

Period-0 problem

Now consider the problem at ¢ = 0 and examine if they prefer to make this constraint binding.

Considering the decision rules of their future selves, they maximize their utility
u(c ") + Va( Ay, KO, M )

by setting M and My appropriately.

Let CT(B’B) and KY(B’B) be the level of ¢; and K that would be chosen when the constraint
(A.27) is not binding and the present bias parameter is B Define MT(E’B) as the level of the
first disbursement that just covers the expenditure at ¢ = 1, net of the endowment Ag, that is,
C;_(B’B) + KT(B’B) = Ay + M{HB’B). With this MT(B’B), Ay =M — MT(B’B). Hence, utility when
M; = Mfr(B’B) is expressed as

U(AO + Mf(ﬁ’ﬂ) o Kf’(ﬁ:ﬁ)) + ‘72(M o Mf(ﬁ’ﬁ),Kfr(ﬁ’B),M; B)

Now, consider the change in the utility if they reduce M; from M1+ (5,5) by AMji, which tightens
the budget constraint at t = 1 by AM;. The utility change caused by this reduction is

—AM,;

u,(cmﬁ)) - oK P _0V(58) . OVs(-; B) 0K PP
1 oM, 0As 0K, M,

, and we

Note that we are evaluating this expression at (¢, K1, M) = (cf(’g’ﬁ),Kf(’g”g),Mf(’B"B))

can substitute the equations (A.29) and (A.30). By substituting these and arranging terms, we can
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rewrite the above expression as

1 PN 8K*(B’B)
SAM (1= 2 )W (TP 1 -
: ( B) wler™) oMy )’

which is positive if 0 < 5 < 1. Hence, borrowers who are aware of their present bias problem will
prefer to set M; low for the period-1 budget constraint to be binding.

By setting M; small for the period-1 budget constraint to be binding, they can increase As. Since
algigl(j) > 0 as shown in footnote 52, it is straightforward to show that sequential credit that allows

borrowers to choose the amount of the first disbursement will increase the second investment.%*

A.2 Uncertainty and option values

We introduce productivity and expenditure shocks. Particularly, we consider the production func-
tion

Y =0,0:F (K, K>),

where 6, > 0 are the productivity shocks revealed at the beginning of period ¢ = 1,2. Expendi-
ture/income shocks & > 0 revealed at the beginning of period ¢ = 1,2, 3, and negative values of &

indicate positive income shocks. The budget constraints at each period are

ca+ K1 <A —§
c2 + Ko < Ay — 6.
We assume that the expectation and derivatives are exchangeable. Given the fact that some

borrowers made considerable savings, we allow that borrowers can carry over the savings to period

3. For brevity, we consider the case with 7wy = 0.

A.2.1 Crop credit

First, we consider the decisions of a time-consistent borrower under crop credit, where they choose

the loan size M < M at period 0. The resources available for consumption and investment at

%4The FOC with respect to M, implies that the borrower will choose M to satisfy

N 80;(5,5)

;- +(B) )
{1 -(1- ﬁ)aMl] u' (PP = [1 —(1- 3)85272 L (D).

Under crop credit, the period-1 budget constraint will not be binding, and the consumption profile satisfies

R ac’g(ﬁ)

() = {1 — (=B | (&),

which follows from the equations (A.26) and (A.31). Clearly, the consumption path will be smoother under sequential

credit than under crop credit.
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periods 1 and 2 are

A = Ay + M,
A2 = Al — §1 — C1 — Kl. (A33)

Consider the maximization problem at period 2, when the borrower knows the realized values

of 01, 02, and &. The value function under crop credit is

‘/'QC(AQaKlvM) 91792562) = max u (62) + E [U(03)|IQ]

co, K2

s.t. co+ Ko < Ay — & (A34)
c3=010oF(K1,Ka) — (L+7)M + Ay — & — co — Koy — &,

where 7 is the information set at ¢ = 2 including (Asg, K1, M, 01, 603,&2). Denoting the Lagrange
multiplier associated with the constraint (A.34) by 7, the FOCs are written as

u'(c3) = E[u'(c3)|Ta] —n =0, (A.35)
(0102 F5 (K1, K3) — 1] Elu/(c3)|Z2] — n = 0.

If the constraint (A.34) is not binding, then the second investment satisfies 6102 F5(Kq, K3) = 1.

The partial derivatives of the value function are®:
ovE .
8/122 =u(ch) (A.36)
8V20 / * 1 x
= 0102F1(K1,K2)E[u (63>|IQ] (A.37)
0Ky
ovE .
S = —(L+ 1) B[ (¢}) )

Next, consider the problem at period 1, when the borrower only knows the value of #; and &;.
The value function in period 1 is

Vlo(AbMa 917§1> = max U(Cl) + E [VQC(A27K17M7 917027§2)’11]

c1,K1

s.t. g+ K1 <Ay — &,

5These partial derivatives do not depend on whether the constraint (A.34) is binding or not. For example, when

the constraint (A.34) is binding, then
Vy (A, K1, M, 01,05, &) = max u(Az = & — Kz) + Efu (0102 F(K1, K2) = (1+71)M) [Z2],
2

C
and we obtain %‘:122 = u'(c3). When the constraint (A.34) is not binding, then %:22

C
c
case 7 = 0 and the FOC (A.35) implies u'(c3) = E[u'(c3)|Z2], resulting in %‘;22 =u'(c3

= E[u/(c3)|Z2]. However, in this
).
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where 7 is the information set at ¢ = 1 including (Ay, M, 01,&1). The FOCs and equations (A.33),
(A.36), and (A.37) imply that:

u'(c}) = Elu'(c3)|T].
Elu/(c3)|Th] = 01 E[62 F{ (KT, K3)u'(c3)| 4.

The partial derivatives of the value function are

ove OV, s
5A = E |:3A2 Il] = E[/(c})|Z4] (A.38)
ove Vs B L

Finally consider the period-0 problem. The problem to solve is

max E[Vi(A1, M, 01,61)]
st. M <17, (A.40)

A1:A0—|—M.

If the constraint (A.40) is not binding, the FOC is

ov; il

which can be rewritten by using equations (A.38) and (A.39) as
Elu/(c3)] = (14 r)E[u'(c3)].

A.2.2 Sequential credit

Next, consider the decision under sequential credit. A borrower determines the loan size M < M
and the amount of the first disbursement M; < M at period 0. At period 2, they can determine
the amount of the second disbursement My < M — M after observing the shocks (61, 62,&1,&2).
The repayment amount at period 3 is then (1 + r)(M; + Ms). Since My, the second disbursement

amount, is now the decision variable at period 2, denoting

Ay = Ap + My
Ay=A1—& —c1 — K.
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First, consider the period-2 problem. The value function is:

‘/25("427 Kla Mv M17 01) 02752) = max U(Cg) + E[U(Cg)t[g]

co,Ko,Mo

s, co 4 Ko < Ay — &9 + My (A.41)
My < M — M, (A.42)
My >0 (A.43)

c3 = 010oF (K1, Ko) — (1 +7)(My 4+ My) + Ay — & + My — c3 — Ko — &3.

Note that the state variables include M, as it affects the upper limit of Ms. The FOCs are:

u'(c3) = E[u'(c3)|Ta] —n =0, (A.44)
[9192F21(K1, K;) - 1}E[U/(C§)‘IQ] —n= 0, (A45)
— B ()| To) + 0+ v =0, (A.46)

where 7, p, and v are the Lagrange multipliers associated with the constraints (A.41), (A.42),

and (A.43), respectively. Note that, at the very least, either p or v should be zero. Furthermore,

equation (A.46) implies that n = rE[u/(c})|Z2] + 1 — v, implying that n > 0 if v = 0. Hence there

are four possible cases: (i) p=v =0,7> 0, (ii)) p > 0,y =0,n7 > 0, (iii) p = 0,v > 0,n = 0, and

(iv) w = 0,v > 0,n7 > 0. By substituting (A.46) into equations (A.44) and (A.45), we obtain
W(cy) = (1+r)El ()] +pu—v, (A.47)
(0102 F5 (K1, K3) — (1 + 1) B[ (c3)|To] = p — v.

The partial derivatives of the value function are

vy
o =) )
8‘/25 / * I %
TK = 9192F1 (Kl, K2)E[u (63)‘.’[2] (A49)
1
V.S 0 ifu=20
02— (A.50)
w(ch) — (1 +r)E ()| Te] if p>0
ovs |-+ nEW()T) =0
= A5l
M, (A.51)

—u/(c3) if u>0

S S
In deriving %‘]/\24 and gL]VQ[I, we used the fact that if © > 0, then v = 0 and hence n = 0.

Now consider the period-1 problem. The value function is

VIS (A1, M, My, 01, &) = max u(cr) + E [V5 (A1 — & — 1 — K1, K1, M, My, 61, 05,&)| T

c1,K1

st.acq+ K1 <A1 — & (A.52)
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The FOCs are

S
u’(c’{)—E[m{? Il}—A:()
dAy

ovy vy
E|-——2 ZI]—A:O,
[ 04,  OKi|"

where A is the Lagrange multiplier associated with the constraint (A.52). Using equations (A.48)
and (A.49), these conditions reduce to

u'(c}) = E [W(c3)| ] + A
0L1E [02F( (K7, K3)u'(c3)|Th] = E [u/(c3)|T1] + A

The partial derivatives of the value function are:?°

vy EW ()] iftA=0

041 | y(en itA >0,
Ve

M Elp|Z4]

oV .

8]\}1 = —F [u(c3)|Th] — E[v|Ta).

Finally, consider the period-0 problem. They maximize E[V;°(A; = Ag + My, M, My, 61, &1)].
The FOC with respect to M; is written as:

which shows the balance between the resource constraint (higher M; enables more investment at
t = 1 in case of high productivity) and the constraint on reducing the repayment (higher M; leaves
less room for reducing the loan size at ¢ = 2 in case of low productivity).
In sequential credit with self-set limit, they can also choose M. When M* < M, the FOC
implies [%} = 0, which reduces to:
Elp] =0.

S S
56Here we provide the derivation of %‘I/&I . An analogous procedure gives 9V " From the definition of the value

M,
function V;°(A1, M, M1, 61,€1) and equation (A.50),

v 5 vy
oM oM

Il] =Pr(u=0[Z1) -0+ Pr(p > 0|Th)E [u'(c3) — (1 + 7)u'(c3)|Z1, > 0]
=Pr(p>O0|1)E [ — v|Zy, > 0]
where the last equation follows from equations (A.44) and (A.46). Using the fact that v = 0 if g > 0 and that

E [u|Zi] = Pr(p > O|Z1) E [u|Z1, p > 0] if > 0, we obtain

ovye
oM

=EpL].
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This suggests that the borrower will choose a sufficiently high M that the period-2 constraint
My < M — M, is never binding.

A.2.3 Present-biased borrowers under sequential credit

Now, consider the decision of the present-biased (PB) borrower under sequential credit. The

discounted value function for their period-2 self is:

W;(AQaK17M7M17917027£2;/8) = max U(Cz)‘FﬁE[U(Cg”IQ]
c2,Ka,M2

st. cg+ Ko < Ay — & + My
My < M — M, (A.53)
My >0 (A.54)
c3 = 0109 F (K1, Ko) — (1 +7)(My 4+ My) + Ay — & + My — c3 — Ko — &3.

Analogous to the case of the time-consistent borrowers, the FOCs can be written as:

' (c3) = BE['(c3)|Z2] —n = 0,
(6102 F5(K1, K3) — 1] BE[U'(¢5)|Z2] — 1 = 0,

— BrE[W (c3)|Te) +n—p+v =0,

which gives us the decision rules ¢ = CQ(AQ, Ky, M, Mi,01,0s,8;8), K3 = Kg(flg, Ky, M, M,01,0,&;8),
and M35 = Mg([lg,Kl,M, My, 01,09,&; 3). Hereafter, we write them as c;(ﬁ), K;(ﬁ), and M;(B) for
brevity. If the constraints (A.53) and (A.54) are not binding, then the second investment will be

made optimally. The partial derivatives of the value function are

w — UI(C*(B))
04> 2
Si..
M — 9192F1,(K1,K;(B))BE[UI(C;;(B)”IQ]
0K,
W3 (5 8) — 0 if p=0
oM u/(C;(/B)) _ (1 4 T),BE[U'(C;;(B)HIQ] if o> 0
oWS(:8) _ |1+ nBEW(E)E] it p=0
foJel

—u’(c;(ﬂ)) if p>0

Now, consider the period-1 problem. With their present bias parameter 5 and perception on it
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B , the value function at the period-1 decision maker is written as

W (AL, M, My, 6,613 8,3) = max u(cr) + BE | Vi (A, K1, M, M1,91,92,§2;B)‘11]

C1,181

st. g+ K1 <A — El (A55)
Ay=A1—& —a - K,

where VQS (/ng, Ky, M, My,0,0,&; B) is the continuation value under the decision rule with belief

ﬁ defined as
VS B) = u (c;(ﬁ)> o {u (C;(B)> ’I2:| ,

in which ¢§? = 0,10, F (K1, K} — (14 r)(My + M) + Ay — &+ M) — W) — RGP g,
The FOCs are:

.
d(er) — e | 2EB 2y o) (A.56)
04,
VS (1 B) | 9VS(1h)
F|l-—222 4 22 07— =0, A.57
s 94, oK, | (A.57)

where A is the Lagrange multiplier associated with the constraint (A.55). These conditions give

8‘723(1 B)

v(e)) = BB | 22

7

These characterize the decision rules ¢f = ¢; (A1, M, My, 01,&1; 5, B) and Kf = K1(Ay, M, M, 61,&1; B,B),

which we denote by CI(B’B) and Kf(ﬂ’ﬂ).

As in the case of no uncertainty, we utilize the relationship between V;* and Ws':
P | R s (B
V(38 = 5 W5 6B - (1= Bule™)]
Thereafore, we can derive the partial derivatives of ‘725 (- B) as follows:

Va(+ B) ac;”)

Y ; W;ﬁ - (=B yl b [1 —-H= o (59)
axg(Km = ; [W —- 5>u'<c’5<3>>8§§f]

— 0.6, F (K, K.V E [u'(cg(ﬁ))‘fg} - 1;GBu’(c;(ﬁ))653;?.
Nelih) _ ; [W (- B>u'<c;<3>>6§§\f)]
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Then, the FOCs (A.56) and (A.57) can be written as:

*(8) -
{1—0—3%§% }wwﬁ%

A
2 (057 05PN
{]‘_(1_5)<8‘A“2 _8K1 u(CQ )

We can also derive the partial derivatives of W7 (-; 3, B) as follows:

u'(cf(ﬂ’é)) = éE | + A,

BE 9192F1/(Kf,K;(ﬂ))u/(cg(ﬂ))‘Il] _ gE

0A, !
OWS(8,8) B NN
I T e L N TV b
OWE(8,8) B 1 *(B) 10 #(B) 303(3)
W_—EE u(ey )+ v+ (1 —p)u(cy >8M1 T

Finally consider the period-0 problem. For generality, we consider the case of sequential credit

with self-set limit in which the borrower can also choose M. The problem to solve is

max Elu(c PPy + ViF (Ag, KPP M, My, 01,64, &3 B)]
M<M M <M
s.t. Ay = Ao+ M

Jo= Ay — g — &P _ 28D,

This can be written by using Wi (+; A, ,5’) as follows:

1 o N
max ZE WP (A, M, My, 61,61;5,8) — (1 — ﬁ)u(cl(ﬁﬁ))

M<M,M; <M /8
5.t Al - AO + M1

Solving the FOCs when M* < M, we can obtain

~

Elpl=(1-p)E

u/(c*(B’B)) aCT(ﬁﬁ) + u/(c*(ﬁ)) 862(5)
1 oM 2 ) oM

BN - Bl = (1- AE

- (8,5 (8,5 . (B *(B
u/(c*(ﬁﬁ)) 801( ) + 801( : i u/(c*(ﬁ)) 8025 : 4 8c2( ) '
1 0A; oM, 2 0As oM,
The right-hand sides of these equations are positive. Remember that for the time-consistent bor-
rowers, the right-hand sides are zero. This implies that the PB borrower will choose M and M; so
that the probability of the resource constraints at ¢ = 1,2 being binding becomes higher, resulting

in lower levels of M and Mj.
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A.2.4 Credit lines

This subsection describes the borrower’s decision under credit lines (CL), in which a borrower can
choose M; and M at t = 1 and t = 2, respectively, with the constraint M; + M, < M. We consider
the case that this constraint is not binding, and hence, p = 0, that is, the upper limit of the loan
size is sufficiently large compared to its demand as in most cases of our field study.

First, consider the time-consistent borrower. The period 2 problem is the same as under se-
quential credit, except that the constraint (A.42)) is replaced by My < M — Mj. Hence we
can use the same value function as that under sequential credit by replacing M by M, that is,
V¥ (Ag, K1, M, My, 01,0, &).

Now consider the period-1 problem, in which they solve

max u(c1) + E V5 (A1 — & — 1 — K1, K1, M, My, 01,05, 8)| T4

c1,K1,M1
s.t. g+ K1 <Ag+ My — &1 (A58)
The FOCs are
vy
u'(h)— E [ 2 Il} X =0
0A»
ovy oy
E|- —F+5% I} — X =0,
[ 04, = OKy|
ovy ovy
E|—2%2 4+ 2 I} +24 =0,
|: 8A2 aMl !
where A\ is the Lagrange multiplier associated with the constraint (A.58). Note that %—i— g‘]\/ji =0

by equations (A.47), (A.48), and (A.51) if v = 0. Hence, the borrower will set M; so that A% = 0
or to a level at which the budget constraints are no longer binding at the optimal levels of (¢}, K7),
that is, M{ = ¢f + K] + & — Ag. Based on equations (A.48) and (A.49), the optimal consumption
and investment (cf, K7) satisfy the FOCs

u'(c) = B [u'(c3)|Ta]
0\ [0:F (K7 K3l ()|T] = B [u'(¢})|T1]
Now, consider the decision of the PB borrower under CL. Again, the borrower’s problem at ¢t = 2

is the same as sequential credit, which gives us the value function VQS (1212, K1, M, M;i, 61,09, &; B)
At t =1, they solve

max U(Cl)‘i‘BE %S(AQ>K17M7M1791792752;3)‘Il:|

c1,K1,M

st.cr + K1 <A+ M —&
Ay = Ag+ My — & — 1 — K.
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The FOCs are:

OV (5 5)
() — BE | 2220 1 | =\ =0,
(1) =B oA, 1
oV (8) |, OV5(:P)
E |- 2 L + 2 \D Ty | — Ad — O,
6 8142 a1{1 !
o [V CB) L VECA| ]
8142 8]\41 ‘
As in the time-consistent borrower’s case, the borrower will set M; so that A% = 0, or My =

c1 + K1+ & — Ap. Using the analogous argument to the case of sequential credit, other two FOCs

can be rewritten as

g

- +(6) -
(") = 5P {1—(1—6)‘%% }u%c;“))

0As
2 (057 05N
{1_(1_/8)<6/12 _8K1 u(CQ )

1
—FE 1y
B

E [0:0:F] (K7, 15 (67| 1| =

A.3 Numerical examples

With the three-period model, we can derive the solution of the model directly by solving the
nonlinear system equations and nonlinear optimization, which help us avoid computing the value

for every state and avoid the curse of dimensionality.

A.3.1 Benchmark model

First consider the benchmark model without uncertainty. As stated in equations (A.7), (A.14),
(A.15), and (A.20), the FOCs are given by

g =ch (A.59)

(KT, K3) = Fy(K7, K3) (A.60)
i (cy) = Fy(KT, K3)ul(c})

FIKE KD =14 % (A.61)

Solving these nonlinear system equations is computationally expensive. To reduce the computa-
tional burden, we can exploit the structure of the problem as follows.
First, with the Cobb-Douglass production function F'(K;, K2) = HKile;/’Q, the equation (A.60)

implies that K3 can be written as a function of Kji:

Ki(Ky) = 22K, (A.62)

Y
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Then from equation (A.59) combined with equations (6) and (4), we can derive the optimal

consumption level at ¢ = 1,2 as a function of K7 and M:
(K1, M) = (K1, M) = 3 [Ao + QM — K — K3(Kn).
The optimal consumption level at ¢ = 3 can also be written as a function of K; and M:
c5(K1, M) = F(K1,K3(K1)) — (Q 4+ r)M.
Then, we can obtain the optimal level of K and M by solving:

u' (c3(Ky, M) = Fy (Kq, K5 (Kq)) ' (c(Kq, M)

Fl (K1, K3(K))) = 1 +§

This is the nonlinear system equation with two unknowns, which can be solved fairly quickly.
To calibrate the parameter values, we use the equations (A.62) and (A.61) and the Cobb-—

Douglass production function:

b _ K
Yy K3’
PRI = 1

Y = 0KV K3,

We set r = 0.12 to mimic our intervention described in the next section. Crop credit corresponds
to the case of Q = 1. The sample averages of K1, Ko, and Y for crop credit borrowers were 8,547
BDT, 4,179 BDT, and 33,767 BD'T, respectively, which yield the calibrated parameter values as
(1,19,0) = (0.254,0.147,16.196).%7

A.3.2 Crop credit under uncertainty

The model with uncertainty can be solved backward. For generality, we consider the case of the
PB borrower. The time-consistent borrower is the special case where § = B = 1. To reduce
the computational burdens, here we assume away the expenditure/income shocks at t = 3, which
enables us to derive the solution at t = 2 as closed forms and substantially reduce the computational

time.

5TThis calibration only uses the information on the average input and output amount. Another approach to obtain
these parameters is estimating the production function, using the variation across households rather than only using
the average. However, the observed inputs (K1, K2) will be related to the unobserved productivity 6, and without

valid exogenous instruments, we cannot obtain the consistent estimates on the production function parameters.
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The solution of the period-2 problem in crop credit is characterized by

W/(c3) = Bl (c) +
(002 (K, K5) — 1] B (c5) = (A.63)

where 7 is the Lagrange multiplier associated with the constraint co + Ko < Ag — &s.
Suppose the constraint is not binding (n = 0). With the Cobb-Douglass production function,

equation (A.63) implies that the optimal second investment K3 satisfies
1
K = (zpzel@equ’l) =,

Substituting this K5, we can derive the optimal consumption levels as:
. 1

Cy = 1 + 51/,\/

C§ = 9102F(K1,K§) — (1 + T)M + Ay — {2 — K; — C;.

(0162 F/ (K1, K3) — (1 +7)M + Ag — & — K3

If it so happens that ¢ + K35 > Ag — &2, then the constraint cp + Ko < Ay — &> is binding at the
optimum, and we recompute the optimal level of the second investment by solving the nonlinear
equation

U (Ay — K3 — &) = 0102 F5 (K1, K3)Bu’ (6102 F> (K1, K3) — (14 7)M)

Then, the optimal consumption levels are derived as ¢ = Ay — K5 — &2 and ¢ = 0102 F5(K4, K3) —
(1 +r)M. If we allow for the expenditure/income shocks at t = 3, ¢4 is obtained by finding the
value satisfying u/(c3) = BE[u/(c})|Z2].

These characterize the decision rules for K, ¢y, and c3 as a functions on the state variables
(Ag, K1, M, 01,02,&) and the present bias parameter . Once we obtain (¢, ¢3), we can derive the

(undiscounted) value of being at state (Ag, K1, M, 01,02, &2) under the present bias parameter § as
‘/2(A27 Kla Ma 91, 02752; ﬁ) =u (Cz(AZa Kl, Ma 01,92762; ﬁ)) +u (CS(AQa Kl, Ma 01792762; ﬂ)) .

The borrower who perceives their present bias parameter to be B evaluates the value of being the

A~

state (Ag, K1, M, 01,602,&) as Vo(Ag, K1, M, 61, 602,&2; 8). At period 1, they will solve

max u(er) + BF |Va(Asz, K1, M, 01,0, &: B)| Ty

c1,K1

subject to ¢+ Ky < Aj —&1, where Ay = Ay —& —c1 — K and the expectation is taken over (62, &2).
This can be solved by nonlinear optimization routines, which gives us the decision rules ¢; and Kj

as functions of (A1, M, 601,&1). We denote them by ¢ (A1, M, 01, &1; B,B), and K7 (A1, M, 01,&1; 0, B)
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as they will also depend on the actual present bias parameter 8 and their belief in it, B . We denote

the value of being the state (A1, M, 61,&1) for this borrower as:

Vi(Ar, M, 01,613 8, 8) =u (e (Ar, M, 61,618, 3))
+ 5 [Va (Aa(A4, M, 01, €13 8,8), K1 (As, M, 01, €13 8, 8), M, 04,05, 603 ) IT4]

where Az(A1, M, 01,613 8,5) = Ay — & — e1(Ar, M, 01,13 8, B) — K1 (A1, M, 61, &1; 8, ).
Remember that Ay = Ag + M. Therefore, the borrower will choose the optimal loan size M*
by solving
max [ Vi(Ao + M, M, 01,158, B)

where the expectation is taken over (61,&1). Once M* is obtained, the optimal level of ¢1, ¢, ¢3, K1, K2
for possible values of (01, 602,&1,£2) can be computed accordingly. By searching M* first, we only
need to compute the value function in the states that are visited through the optimization search

routine.

A.3.3 Sequential credit under uncertainty

The solution of the period-2 problem in sequential credit is characterized by

u'(c3) = pu'(c) +1 (A.64)
[0102F5 (K1, K3) — 1] Bu'(c5) =1 (A.65)
—rpu(c5) +n—p+v=0, (A.66)

where 1, 1, and v are the Lagrange multipliers associated with the constraints co+ Ky < A2—£2 + M,
My < M — Mj, and My > 0, respectively. As argued in Appendix A.2.2; there are four cases: (i)
w=v=0mn>0,(G) x> 0,v=0,n>0, (iii) p. = 0,v > 0,n =0, and (iv) p = 0,v > 0,7 > 0.
In case (i), the solution satisfies ¢ + Ki = Ay — & + M and 0 < M < M — M;. Case (ii)
corresponds to the case where ¢ + K3 = Ay + Mj and Mj = M — M;. Case (iii) is the case where
s+ Ki < Ay — & and M3 = 0. In case (iv), ¢; + Ki = Ay — & and M3 = 0.

By using (A.66), the conditions (A.64) and (A.65) reduce to

W(es) = (1+7)Bu'(c5) + - v,
(0162 F(K, K3) — (L+1)] Bul(¢5) = p— v, (A.67)

First consider case (i). With the Cobb—Douglass production function, equation (A.67) implies

1
Y1\ T-dg
K = <¢291929K1 ) |
147
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With the CRRA utility function, the optimal period-2 consumption level is

1
T it r+ B +r)A

0105F (K1, K3) — (1 +r)(My + K} — Ay + &) .

¢
Then the optimal level of My and c3 are determined accordingly:

M;=c3+Kj;— Ay + &
C?; = 9192F(K1,K§) — (1 +T)(M1 + M;)

If M5 as derived above exceeds M — Mj, then it corresponds to case (ii). The level of M> is
set as My = M — My, and the period-2 consumption satisfies ¢5 = Ay + Mj — K3, where K is

determined by
UI(AQ - 62 + Mék — K;) = 9192F2/<K1, K;)Bu’ (9192F2(K1, K;) — (1 -+ T‘)M) .

Once K is determined, we can compute ¢ = 01602 F5 (K, K5) — (1 +7)M.

If, however, M; derived above is negative, then the optimal M is 0, as in cases (iii) or (iv).
Case (iii) is similar to crop credit when 1 = 0, and case (iv) is analogous to crop credit with n > 0.

Once we obtain the decision rules for Ko, Ms, co, and c3 as functions on the state variables
(AQ,K 1, M, My, 01,62,&), the computation procedures are similar to the case of crop credit de-
scribed above, except that the borrower chooses the amount of the first disbursement M at ¢t = 0.
Let M, denote the lowest value of M; such that the budget constraint at t = 1 is not binding at
any value of §; and &, that is, c’{(él’gl’g’é) + Kf(él’gl’a’é) = Ao + M, — & where c;(él’gl’B’B) and
K ik (61.61,3,8) are the values of ¢; and K; that would be selected under the greatest values of 61 and
&1 with the perception of the belief . Since any M; larger than M, will have no effect on the
decisions and hence, the utility function will be flat for M; > M. This will cause a failure in
the optimization routine. To deal with this problem, we first derive ci(él’&’é ) and K f (0:1.61.5.6) to

obtain M, and conduct the optimization routine over the domain of (0,M/;). Sequential credit

with self-set limit simply extends this problem by allowing a borrower to choose M at t = 0.
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A.4 Appendix Figures and Tables

Appendix Figure 1: Choice of (M, K1, K2) and the total utility of PB borrowers under crop credit,

sequential credit, and traditional microcredit: v = 2
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Appendix Figure 2: Choice of (M, K1, K2) and the total utility of PB borrowers under crop credit,

sequential credit, and traditional microcredit: Partially naive farmers (8 = 0.6, /3’ =0.8)

Credit size M (y=1, B=0.6, Bhat=0.8) Credit size M (y=2, B=0.6, Bhat=0.8)
50
= Crop — Crop
40 —Seq (M) —Seq (M)
— -Seq (M1) 40 — -Seq (M1)
Traditional Traditional
30
30
20 \—k 20 \\
10 10
0 == 0 o=
10 15 20 25 30 10 15 20 25 30
A0 A0
First investment K1 (y=1, B=0.6, Bhat=0.8) First investment K1 (y=2, B=0.6, Bhat=0.8)

I ———

2 2
—— Crop ——Crop
1 —Seq Se
—— Traditional —— Traditional
°To 15 20 25 0 %10 15 20 25 30
A0 A0
Second investment K2 (y=1, $=0.6, phat=0.8) Second investment K2 (y=2, B=0.6, Bhat=0.8)

-_ 2 e

—— Crop ——Crop

Seq Seq

Traditional Traditional

oL ! n 1 oL ! n 1

10 15 20 25 30 10 15 20 25 30
AO A0

Total utility gain over Traditional (y=1, B=0.6, Bhat=0.8 Total utility gain over Traditional (y=2, B=0.6, Bhat=0.¢
1.30

1.4 -—— Crop vs Traditional —— Crop vs Traditional
——Seq vs Traditional 125 ——Seq vs Traditional

13

12

11

10

78



Appendix Figure 3: Areas of owned land and tenancy land
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Appendix Figure 4: Borrowing amount in the past 12 months at baseline
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Appendix Figure 5: Days of working as daily labor in the last 12 months (Baseline)
(V)_ -
Wage income (month 7) | ® P -
Wage income (month 8) | @ e I I S
Wage income (month 9) | ——— [ ——
o Wage income (month 10) | ¢ —— o —
- Wage income (month 11) | ————— [ —
c
'% Wage income (month 12) | ® [ I R ]
g Wage income (month 1) | @ —
o Wage income (month 2) | ® ) 1  }—-A
Wage income (month 3) | ® ] T }+}—A
Wage income (month 4) | ® ——
Wage income (month 5) | ® —
° Wage income (month 6) | ® ] T  }+}—A
T T T T T T
0 200 400 600 800 1000 T T T T
days of wage work (annual) 0 10 20 30

The left panel shows the histogram of the days of working for wage income in the last 12 months at the household
level in the baseline data. The right panel is a box plot of the days of working as daily wage disaggregated at the

monthly level, based on individual-level data
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Appendix Figure 6: Total income sources other than farming at the baseline
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The left panel shows the histogram of the days of working for wage income and self-employment activity in the last
12 months at the household level. The right panel shows the distribution of the total income from wage labor, self-
employment, fishery, and poultry. We exclude the revenue from livestock transactions as we do not have information

on livestock purchase.

Appendix Figure 7: Experimental design
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Appendix Figure 8: The computed loanable amount and the actual loan size
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The vertical axis is the actual loan size, and the horizontal axis is the inferred loanable amount (horizontal axis).

The red solid line shows a 45 degree line.

Appendix Figure 9: Distribution of the residualized loan size
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The cumulative and kernel distributions of the residualized loan size is plotted. The control variables to obtain the

residuals are the same as the one used in equation (8) except the treatment indicators.
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Appendix Figure 10: Choice of (M, K1, K2) under crop credit and sequential credit when v = 2

(A) Time-consistent borrowers
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Appendix Figure 11: Choice of (M, Ki, Ks) under crop credit and sequential credit for time-

consistent borrowers with income shocks at ¢t =3 (v = 1)
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Appendix Figure 12: Average loan size under crop credit and sequential credit

M (y=1, 6={0.9, 1.0, 1.1}, §={5.0, 0.0}, B=1)

M (y=1, 6={0.8, 1.0, 1.2}, §={2.0, 0.0}, B=1)

M (y=1, 6={0.6, 1.0, 1.4}, §={2.0, 0.0}, B=1)

20 20
~— Crop ~—Crop ~—Crop
——Seq (M1<06M) —Seq (M1<06M) —Seq (M1<06M)
— Seq (M1 =M) — Seq (M1=M) — Seq (M1=M)
15 15
10 10
5 5
. . . . oL . . . oL . . .
0.0 25 5.0 7.5 10.0 0.0 25 5.0 7.5 10.0 0.0 25 5.0 7.5 10.0
y y y
M (y=2, 8={0.9, 1.0, 1.1}, §={5.0, 0.0}, B=1) M (y=2,68={0.8, 1.0, 1.2}, §={2.0, 0.0}, B=1) M (y=2, 6={0.6, 1.0, 1.4}, §={2.0, 0.0}, B=1)
20
—— Crop 20 —— Crop —— Crop
——Seq (M1 = 0.6M) —5Seq (M1<06M) —Seq (M1<06M)
— Seq (M1=M) — Seq (M1=M) — Seq (M1=M)
15 15
10 10
5 5
0 0
0.0 25 5.0 7.5 10.0 0.0 25 5.0 7.5 10.0 0.0 25 5.0 7.5 10.0

Appendix Figure 13: Ex ante expected utility under sequential credit compared to that under crop

credit for time-consistent borrowers
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Appendix Figure 14: Counterfactual policy simulations (8 = B = 0.6 and v = 2)
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Appendix Figure 15: Counterfactual policy simulations (8 = B =08 and v = 1)
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Appendix Figure 16: Counterfactual policy simulations (8 = B =0.8 and v = 2)

(A) Greater expenditure shocks
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Appendix Figure 17: Counterfactual policy simulations (5 = 0.6, B =0.8 and v =2)
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Appendix Table 1: Borrowings from other sources and net money inflows

(1) (2) (3) (4) (5) (6) (7 (8)
Other bor- Other bor- Non-MFI Non-MFI Borrowing Borrowing Borrow+wage Borrow+wage
rowings rowings Borrowing Borrowing from other  from - other -saving -saving
MFIs MFIs
Traditional 6.591 -19.088 -6.490 -36.633 12.678 18.115 2867.130 5772.479
(30.933) (46.900) (23.884) (39.979) (18.360) (25.856) (2973.763) (4414.306)
Crop Credit 17.693 24.642 4.783 33.498 12.810 -8.628 -581.323 234.586
(39.740) (85.049) (32.683) (76.698) (20.034) (31.859) (2999.890) (4350.721)
Sequential 115.025 -20.451 -2.078 -1.715 116.345 -21.349 -3117.622 -3440.358
(111.012) (50.650) (21.174) (36.876) (106.960) (38.281) (3303.615) (4992.512)
In-kind -52.516 129.566 13.439 13.800 -65.004 119.609 231.016 1168.665
(110.202) (127.171) (23.459) (49.746) (102.599) (96.858) (2971.530) (5024.267)
PB=1 -23.042 -17.470 -6.263 -2053.818
(44.801) (35.811) (26.494) (4443.597)
Traditional x PB=1 39.591 47.722 -10.216 -4841.304
(61.759) (50.269) (37.596) (6306.690)
Crop Credit x PB=1 -10.440 -47.167 36.031 -1138.332
(95.968) (80.664) (47.348) (6175.232)
Sequential x PB=1 244.308 -2.624 249.118 336.308
(239.104) (41.954) (239.603) (6789.778)
In-kind x PB=1 -322.331 0.508 -326.406 -1054.379
(269.239) (60.572) (257.978) (6168.863)
Observations 998 986 998 986 998 986 998 986
Mean_Control 40.452 40.452 40.452 40.452 0.000 0.000 74665.779 74665.779
Trad_vs_Crop 0.748 0.593 0.708 0.326 0.994 0.477 0.204 0.273
Trad_vs_SeqCash 0.309 0.978 0.823 0.212 0.320 0.393 0.054 0.092
Trad_vs_SeqKind 0.268 0.271 0.494 0.281 0.273 0.345 0.037 0.085
Crop_vs_SeqCash 0.379 0.586 0.824 0.631 0.323 0.722 0.396 0.498
Crop-vs_SeqKind 0.433 0.551 0.857 0.795 0.284 0.245 0.389 0.589
PB_Trad_vs_Crop 0.870 0.380 0.484 0.575
PB_Trad_vs_SeqC 0.342 0.588 0.306 0.280
PB_Trad_vs_SeqK 0.801 0.975 0.605 0.263
PB_Crop_vs_SeqCash 0.296 0.631 0.316 0.524
PB_Crop_vs_SeqKind 0.628 0.348 0.794 0.527

The table shows the estimated coefficients of the regression, with HC3 robust standard errors in parentheses. We
include the baseline outcome, group dummies, baseline savings, and variables selected by post-double-selection

(PDS) lasso as control. Asterisks indicate statistical significance: * p < .05, ** p < .01.
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Appendix Table 2: Investment

(1) (2) (3) (4)

Invest:1st, Invest:1st, Invest:2nd, Invest:2nd,

Low other High other Low other High other

income income income income

Traditional 79.097 -233.993 44.909 -182.440

(143.290) (158.760) (149.179) (176.088)
Crop Credit 121.227 170.082 33.495 72.942

(163.235) (159.599) (147.961) (146.505)
Sequential 396.739* 108.912 399.171% -62.041

(165.875) (157.671) (171.746) (164.033)
In-kind 69.023 -217.662 -59.797 -28.104

(175.581) (154.629) (194.572) (147.008)

Observations 401 396 401 396
Mean_Control 7429.978 7660.048 4102.960 4566.526
Trad_vs_Crop 0.791 0.008 0.937 0.116
Trad_vs_SeqCash 0.053 0.032 0.043 0.491
Trad_vs_SeqKind 0.013 0.416 0.089 0.571
Crop-vs_SeqCash 0.112 0.694 0.026 0.375
Crop_vs_SeqKind 0.042 0.078 0.063 0.252

The table shows the estimated coefficients of the regression, with HC3 robust standard errors in parentheses. We
include the baseline outcome, group dummies, baseline savings, and variables selected by post-double-selection (PDS)

lasso as control. Asterisks indicate statistical significance: * p < .05, ** p < .01.
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Appendix Table 3: Savings at NGO and MFI

(1) ) (3) (4) (5) (6) ) (8)
Savings . Savings
Savings Cum. Cum. Cum.
Saving at Saving at at MFI in . at MFI in
at MFI in savings at savings at savings at
NGO NGO Jul-Sept: Jul-Sept:
Jul-Sept MFL.IPW  MFI MFL.IPW
IPW IPW
Traditional 1118.654"*  1174.026*"
(100.330) (170.734)
Crop Credit 1374.794**  1446.810*" -1.476 64.884 23.606 24.391 23.882 8.969
(97.843)  (154.713)  (62.928)  (111.176)  (101.398)  (62.040)  (102.132)  (98.510)
Sequential 1101.715**  1140.170**  -376.725**  -366.789"*  -359.793"*  -264.481"*  -303.252**  -292.163™"
(91.534)  (141.375)  (61.643)  (105.014)  (94.472)  (58.294)  (83.181)  (81.478)
In-kind 63.696 86.056 -154.395"*  -183.627" -187.200" -19.088 12.225 -23.793
(91.091)  (139.812)  (56.051)  (86.443)  (78.562)  (43.168)  (68.057)  (63.925)
PB=1 83.352 13.490 19.863 -67.890 -22.096
(109.050) (109.345)  (102.912) (102.843)  (106.007)
Traditional x PB=1 -99.246
(208.206)
Crop Credit x PB=1 -136.627 -23.690 -25.068 64.682 37.851
(189.817) (143.456) (134.515) (138.009) (137.081)
Sequential x PB=1 -97.056 23.364 -14.362 107.252 51.043
(176.984) (139.038) (129.072) (125.986) (126.589)
In-kind x PB=1 -32.998 15.459 53.434 -50.509 1.618
(187.675) (113.363) (104.897) (96.860) (92.458)
Observations 998 986 558 551 549 558 551 549
Mean_Control 266.884 266.884 1749.202 2432.437
Trad_vs_Crop 0.022 0.154
Trad_vs_SeqCash 0.874 0.850
Trad_vs_SeqKind 0.650 0.763
Crop-vs_SeqCash 0.007 0.060 0.000 0.000 0.000 0.000 0.001 0.001
Crop-vs_SeqKind 0.031 0.154 0.000 0.000 0.000 0.000 0.001 0.000
PB_Trad_vs_Crop 0.098 0.652 0.986 0.324 0.590
PB_Trad_vs_SeqC 0.820 0.000 0.000 0.031 0.007
PB_Trad_vs_SeqK 0.873 0.000 0.000 0.009 0.003
PB_Crop_vs_SeqCash 0.049
PB_Crop_vs_SeqKind 0.095

The table shows the estimated coefficients of the regression, with HC3 robust standard errors in parentheses. We

include the baseline outcome, group dummies, baseline savings, and variables selected by post-double-selection

(PDS) lasso as control. Asterisks indicate statistical significance: * p < .05, ** p < .01.
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Appendix Table 4:

Default (including interactions with PB)

(1) (2) ®3) (4) (5) (6) (7) (8)
Arrear  Arrear Default  Default Uncollected: Uncollected:  Uncollected: Uncollected:
OLS OLS Tobit Tobit
Crop Credit -0.090  -0.166 0.052 0.082 0.033 0.086 0.292 0.383
(0.099) (0.100) (0.078)  (0.080) (0.057) (0.059) (0.307) (0.297)
Sequential -0.059  -0.123 0.005 0.004 0.023 0.046 0.089 0.069
(0.097) (0.092) (0.074)  (0.071) (0.056) (0.052) (0.314) (0.294)
In-kind -0.087  -0.130 -0.012 -0.042 -0.014 -0.034 -0.082 -0.141
(0.094) (0.087) (0.062)  (0.059) (0.047) (0.045) (0.296) (0.270)
PB=1 -0.005 -0.124 0.012 0.010 -0.003 0.032 0.039 0.023
(0.096) (0.097) (0.070)  (0.064) (0.051) (0.047) (0.314) (0.273)
Crop Credit x PB=1 0.020 0.116 -0.114 -0.169 -0.044 -0.131 -0.443 -0.645
(0.126) (0.128) (0.092)  (0.091) (0.066) (0.069) (0.436) (0.416)
Sequential x PB=1 -0.016 0.051 -0.036 -0.037 -0.028 -0.063 -0.282 -0.326
(0.125)  (0.123)  (0.093)  (0.087) (0.068) (0.063) (0.449) (0.429)
In-kind x PB=1 0.052 0.094 -0.015 -0.007 0.018 0.025 0.143 0.225
(0.121) (0.114) (0.078)  (0.075) (0.056) (0.054) (0.445) (0.403)
Observations 551 549 551 549 551 549 551 549
Mean_Control 0.588 0.160 0.094 0.094
Crop_vs_SeqCash 0.739 0.626 0.513 0.307 0.845 0.496 0.470 0.277
Crop-vs_SeqKind 0.549 0.353 0.380 0.092 0.606 0.168 0.313 0.071
PB_Trad_vs_Crop 0.372 0.518 0.206 0.061 0.736 0.199 0.612 0.336
PB_Trad_vs_SeqC 0.340 0.367 0.580 0.543 0.892 0.647 0.539 0.364
PB_Trad_vs_SeqK 0.148 0.149 0.243 0.085 0.978 0.435 0.655 0.454
PB_Crop_vs_SeqC 0.945 0.768 0.523 0.249 0.845 0.392 0.898 0.990
PB_Crop_vs_SeqK 0.564 0.386 0.919 0.883 0.695 0.452 0.951 0.737

The table shows the estimated coefficients of the regression, with HC3 robust standard errors in parentheses. We

include the baseline outcome, group dummies, baseline savings, and variables selected by post-double-selection

(PDS) lasso as control. Columns (5) and (6) report the coefficients in the Tobit models. Asterisks indicate statistical

significance: * p < .05, ** p < .01.
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