
Savings Groups: Model, Welfare and Design

by

Frédéric Tremblay

A thesis submitted to the

Department of Economics

in conformity with the requirements for

the degree of Doctor of Philosophy

Queen’s University

Kingston, Ontario, Canada

May 2021

Copyright © Frédéric Tremblay, 2021



Abstract

Savings groups (SGs) are a low-cost way of providing access to financial services

to the most marginalized in the developing world. We develop a model of SGs—

a Bewley-Huggett-Aiyagari-type heterogenous agent model—that captures the main

distortionary features of VSLA-type (Village Savings and Loan Association) SGs.

Calibrating the model to data from Uganda, we find that SGs provide benefits equal

to 1.38% of consumption (consumption equivalent variation; CEV) or US$2.76 (fi-

nancial value; FV) per member per month relative to autarky, which easily justify

the low implementation costs. The optimal interest rate on borrowing is found to

differ significantly across measures of welfare, with the CEV peaking at 2.46% at

an interest rate of -9.5% and the FV peaking at US$2.77 at an interest rate of 4%.

Alternative designs of SGs are considered. Loosening the cash-flow constraint by al-

lowing members to repay their loans using their share-out equity increases the CEV

to 1.76% and the FV to US$3.04. Finally, a continuous SG design that eliminates the

share-out cycle and its associated distortions raises the CEV to 3.86% and the FV to

US$6.75.
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Chapter 1

Introduction

The State of Financial Inclusion Around the World

The share of the world’s population with access to financial services has been grow-

ing steadily in the last decade with donors investing in traditional financial inclusion

interventions1 and the rapid emergence of new technologies such as mobile money.2

Data from the Global Findex Database shows that the share of the world’s popula-

tion with an account at a financial institution has grown from 51% in 2011 to 62% in

2014 and 69% in 2017 (Demirgüç-Kunt et al., 2018). Much work remains to be done,

however, as significant gender and wealth gaps remain. Indeed, the remaining 31%

of the world’s population that does not have access to an account at a financial insti-

tution is overly represented by women as well as members of the poorest households

(Demirgüç-Kunt et al., 2018). The data shows that little progress has been made on

this front, with the gender and wealth gaps remaining unchanged since 2011 and 2014

1Financial inclusion interventions are actions generally undertaken by non-governmental organi-
zations (NGOs) to increase access to financial services in areas with high levels of financial exclusion.

2“Mobile money is a technology that allows people to receive, store and spend money using a
mobile phone” (WorldRemit, 2021). A number of such services have emerged around Africa, Asia
and Latin America including mPesa, EcoCash, GCash and Tigo Pesa.
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respectively (Demirgüç-Kunt et al., 2018).

Financial Inclusion as a Determinant of Financial Resilience

Access to at least some form of financial services seems to be an important determi-

nant of financial resilience. Figures 1.1, 1.2 and 1.3 illustrate the marginal probability

of respondents having skipped a meal, gone without medical treatment or medicine,

or been unable to send children to school due to lack of money over the last 12 months

in Laos, Myanmar and Nepal, broken out by financial inclusion status. The marginal

probabilities are estimated using logistic regression on data from FinScope control-

ling for region, gender and education3 (FinMark Trust, 2014a, 2018, 2014b). In this

data, those with access to financial services are as a group almost always less likely to

skip a meal, go without medical treatment or medicine, or be unable to send children

to school due to money. Myanmar is the only exception where the ability to send
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Figure 1.1: Marginal Probability of Skipping a Meal due to Lack of Money at least
Sometimes over last 12 Months by Financial Inclusion Status

3Except in Myanmar where data on the education of the respondent was not available.
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Figure 1.2: Marginal Probability of Going without Medical Treatment of Medicine
due to Lack of Money at least Sometimes over last 12 Months by Financial
Inclusion Status
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Figure 1.3: Marginal Probability of Being Unable to Send Children to School due
to Lack of Money at least Sometimes over last 12 Months by Financial
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children to school seems unrelated to one’s financial inclusion status. The difference

in the marginal probabilities of those who are financially excluded from those with

access to financial services across all three questions is statistically significant at a

level of significance of 5% or less in both Laos and Nepal.

Of course, financial inclusion may simply be a marker for other systematic differences

in those two groups beyond region, gender and education, but facilitating the accumu-

lation of savings and providing access to borrowing is an obvious mechanism through

which financial inclusion can improve financial resilience. Financial services facilitate

the accumulation of savings, and the empirical evidence indeed suggests a positive

impact on net savings (Aportela, 1999). While the evidence from the literature on the

effectiveness of financial inclusion interventions at improving financial resilience and

other beneficial social outcomes is mixed, it generally finds positive impact. The next

section reviews the evidence for financial development on economic growth and other

social indicators including food security, health, children’s education, and women’s

empowerment.

Evidence for the Benefits of Financial Inclusion

At the macro level, financial depth4 is found to be positively associated with long-

run economic growth, capital accumulation and productivity in cross-country panel

regressions (Levine, 2005; Popov, 2018). The distributional impact of this economic

growth is unclear, however. Some suggest that in spite of the positive impact on

overall economic growth, financial development may exacerbate inequality as the

4Financial depth is a measure of access to financial services that goes beyond financial inclusion—
which focuses on the included-excluded dichotomy—by taking into account the extent to which
financially included populations have access to financial services.
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rich can more easily access improved financial services than the most marginalized

(Greenwood and Jovanovic, 1990). On the other hand, others argue that the poorest

have the most to gain from the relaxing of credit constraints, which can be used to

improve the efficiency of capital allocation (Galor and Zeira, 1993; Aghion, 1997; Galor

and Moav, 2004). Beck et al. (2007) shed some light on this debate by disaggregating

the impact of financial development on the income growth of the poorest households

into two channels: the reduction in income inequality and the aggregate economic

growth. The two effects are estimated to respectively account for 40% and 60% of

the overall impact (Beck et al., 2007), which supports the argument that financial

development reduces inequality.

At the micro level, table 1.1 summarizes the impact of various financial inclusion in-

terventions on social indicators including food security, health, children’s education,

and women’s empowerment. In the banking literature, Dupas et al. (2018) evaluate

the impact of facilitating access to bank accounts by eliminating account opening

fees and “other non-pecuniary opening costs” in Uganda, Malawi and Chile. They

find no evidence of impact on food expenditures; health expenditures; durables, ed-

ucation and home repair expenditures; or women’s empowerment; in either Uganda,

Malawi, or the pooled sample, except food expenditures which saw a weakly statis-

tically significant increase in the pooled sample (Dupas et al., 2018). Prina (2015)

offered access to no-fee bank acounts in mostly unbanked areas of Nepal and found

statistically significant increases in meat and fish expenditures as well as education

expenditures, but no impact on health expenditures. Finally, Karlan and Zinman

(2010) estimated the impact of increasing access to credit by randomly liberalizing

“screening criteria on four-month, unsecured, 200% APR consumer installment loans
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Food Security Health
Children

Education

Women’s

Empowerment

Banking

Dupas et al.

(2018)

Food exp.:

∼ (Uganda,

Malawi)
∗ (pooled)

Health exp.:

∼ (Uganda,

Malawi, pooled)

Durables, education,

and home repair

exp.:

∼ (Uganda,

Malawi, pooled)

Decision-making

index (women).:

∼ (Uganda,

Malawi, pooled)

Prina (2015)

Meat & fish exp.:
∗ (w/, w/o

controls)

Health exp.:

∼ (w/, w/o

controls)

Education exp.:
∗∗ (w/ controls)
∗ (w/o controls)

Karlan and

Zinman

(2010)

Food consumption:

∼ (female)
∗∗∗ (male)
∗∗ (pooled)

Physical health

index:

∼ (female, male,

pooled)

Mental health index:

−− (female)

∼ (male)

− (pooled)

Investment/ durables

(inc. education):

∼ (female, male,

pooled)

Microfinance

Attanasio

et al. (2015)

Food consumption:
∗∗ (groups loans)

∼ (indiv. loans)

Banerjee

et al. (2015)

Food exp.:

∼ (endline 1 & 2)

Health exp.:

∼ (endline 1 & 2)

Education exp.:

∼ (endline 1 & 2)

Women’s

empowerment:

∼ (endline 1 & 2)

Montgomery

and Weiss

(2011)

Food exp.:

∼ (urban)
∗∗ (rural)

∼ (pooled)

Health exp.:

∼ (urban)

∼ (rural)
∗∗ (pooled)

Education exp.:

∼ (urban)

∼ (rural)

∼ (pooled)

Women’s

empowerment:

Positive impact

across 8 measures

Namayengo

et al. (2018)

Caloric intake:

∼ (DiD)

− (GLS fe)

Dietary diversity:

−− (DiD)

−−− (GLS fe)

Mobile Money

N’dri and

Kakinaka

(2020)

Skip a meal:

−−− (excluded

vs. included w/

mobile money)

Go w/o medicine:

−−− (excluded

vs. included w/

mobile money)

Unable to send

children to school:

−−− (excluded

vs. included w/

mobile money)

Suri et al.

(2012)

Food exp.:
∗ (illness shock)

Medical exp.:

∼ (illness shock)

Education exp.:

∼ (illness shock)

Statistically significant (+): ∗ 10%, ∗∗ 5%, ∗∗∗ 1%; Statistically significant (−): − 10%, −− 5%, −−− 1%;
Not statistically significant: ∼

Table 1.1: Impact of Financial Inclusion Interventions on Food Security, Health, Chil-
dren Education and Other Social Indicators
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in South Africa”. The intervention was found to have a positive impact on food con-

sumption in the male and pooled samples, a negative impact on the mental health

index in the female and pooled samples, and no impact on food consumption in the

female sample, mental health index in the male sample, and physical health index

and spending on investment and durables across all samples (Karlan and Zinman,

2010).

In the microfinance literature, Attanasio et al. (2015) evaluated the impact of offer-

ing access to individual and group loans in a randomized controlled trial in Mongolia.

Offering access to group loans was found to have a positive impact on food consump-

tion, but access to individual loans had no impact (Attanasio et al., 2015). Similarly,

Banerjee et al. (2015) offered access to group loans in a randomized controlled trial in

52 neighbourhoods of Hyderabad in India. No statistically significant impact was ob-

served on food, health, and education expenditures as well as women’s empowerment

at first or second endline (Banerjee et al., 2015). Montgomery and Weiss (2011) per-

formed a difference-in-differences analysis of access to microloans from the Khushhali

Bank in Pakistan using household survey data. They found a positive impact on food

expenditures in the rural sample, on health expenditures in the pooled urban-rural

sample and overall on eigth measures of women’s empowerment.5 No impact was

found on food expenditures in the urban and the pooled urban-rural samples, health

expenditures in the urban and rural samples, or education expenditures across all

samples (Montgomery and Weiss, 2011). Finally, Namayengo et al. (2018) performed

a difference-in-differences analysis to evaluate the impact of a microcredit program

5The estimates of impact of the intervention on some of the measures of women’s empowerment
were positive when either the women or the spouse was the loan recipient while estimates of the
impact on other measures where positive only when the women was the loan recipient (Montgomery
and Weiss, 2011).
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in Uganda. They found a negative impact on caloric intake when using GLS fixed

effects—no impact with kernel-matched difference-in-differences—and a negative im-

pact on dietary diversity both with kernel-matched difference-in-differences and GLS

fixed effects (Namayengo et al., 2018). They find evidence that the impact on dietary

diversity can be “partly explained by a shift from own production to reliance on food

purchase by households” (Namayengo et al., 2018).

In the mobile money literature, N’dri and Kakinaka (2020) estimated the impact of

mobile money in Burkina Faso on the measures of financial resilience in the FinScope

data—whether respondents have skipped a meal, gone without medicine or medical

treatment or been unable to send children to school due to lack of money. They use

propensity score matching (PSM) and inverse-probability-weighted regression adjust-

ment (IPWRA) to adjust for systematic differences between the comparison groups

(N’dri and Kakinaka, 2020). Estimates of the impact of both financial inclusion

and mobile money relative to financial exclusion in each of the three measures of

financial resilience are strongly statistically significant using either PSM or IPWRA

(N’dri and Kakinaka, 2020). The effects are all negative, which indicates a positive

impact given the survey questions. Finally, Suri et al. (2012) used a difference-in-

differences analysis to estimate the impact of the M-PESA mobile money in Kenya

on households’ ability to cope with a health shock. They found a positive impact on

food expenditures, but no impact on medical or education expenditures (Suri et al.,

2012). Non-users did “not significantly reduce food expenditure in response to an

illness shock”, but M-PESA users were “able to increase theirs significantly” (Suri

et al., 2012). They also found a significant difference in nonfood subsistence expendi-

ture among M-PESA users and nonusers, which points to substitution from nonfood
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subsistence to medical expenditure by nonusers, while M-PESA users were able to

withstand the health shock without reducing expenditure in any category (Suri et al.,

2012).

These findings from the banking, microfinance, and mobile money literature show

that while financial inclusion interventions can be effective ways of improving finan-

cial resilience in the developing world, their real-world performance is much weaker

than expected. The mixed results with no significant impact on many indicators and

even negative impact on some indicators is disappointing. A number of reasons for

those mixed results are proposed in the literature including: a large share of hand-

to-mouth participants6 who are unable to save; and usurious interest rates, especially

in microfinance interventions, that may lock participants into poverty traps. Inter-

ventions solely targeted at improving access to financial services seem particularly

susceptible to the former, with 89% and 80% of households in Malawi and Uganda

respectively not using the bank accounts that they were given access to because “they

did not have enough money to save” (Dupas et al., 2018). The issue of high interest

rates and whether those loans are welfare improving in spite of their high cost is

heavily debated, especially in regards to payday loans in developed countries (Karlan

and Zinman, 2010). The theoretical argument of revealed preferences collides against

behavioural models that account for cognitive biases (Karlan and Zinman, 2010).

Empirically, the vast literature on payday loans in the United States finds as much

positive (Morgan and Strain, 2008; Morse, 2011; Wilson et al., 2011; Zinman, 2010)

as negative evidence (Campbell et al., 2012; Carrell and Zinman, 2014; Melzer, 2011;

Skiba and Tobacman, 2019). While there is little evidence to support either argument

6Hand-to-mouth are people whose income is insufficient for accumulating any savings. Their
marginal propensity to consume is very high as all of their income is used for sustenance.
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in the literature on financial inclusion interventions in developing countries, the un-

derwhelming results of microfinance interventions especially on social indicators lends

credence to the argument that the high interest rates may diminish impact.

Financial Literacy Training and Commitment Device to Overcome Cogni-

tive Biases

Ways in which financial inclusion interventions could address these concerns would

be to design them in such a way that they foster financial literacy and include a com-

mitment device to encourage the accumulation of precautionary savings. Increasing

financial literacy has been shown to reduce cognitive biases (Özen and Ersoy, 2019),

which would better equip participants to use financial services in welfare-enhancing

ways. In a survey that attempts to quantify the level of financial literacy around the

FINANCIAL LITERACY AROUND THE WORLD  |  PAGE 7

A person is defined as financially literate when he or she correctly answers at least three out 
of the four financial concepts described above. We choose this definition because the concepts 
are basic and this is what would correspond to a passing grade. Based on this definition, 33 
percent of adults worldwide are financially literate. This means that around 3.5 billion adults 
globally, most of them in developing economies, lack an understanding of basic financial 
concepts. These global figures conceal deep disparities around the world (Map 1).

MAP 1: GLOBAL VARIATIONS IN FINANCIAL LITERACY
!% OF ADULTS WHO ARE FINANCIALLY LITERATE"

55-75
45-54
35-44
25-34
0-24
No data

Source: S&P Global FinLit Survey.
Figure 1.4: Rates of Financial Literacy by Country (Klapper et al., 2014)
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world by asking questions about risk diversification, numeracy in regards to interest,

inflation and compounded interest rates, only 33% of adults worldwide were found

to be financially literate7 (Klapper et al., 2014). There is a large gap in financial

literacy between advanced and emerging economies, with respective rates of 55% and

28% (Klapper et al., 2014). Figure 1.4 illustrates the vast heterogeneity in rates of

financial literacy around the world. In addition to cross-country heterogeneity, there

are significant within-country gender and wealth gaps in both advanced and emerging

economies (Klapper et al., 2014). Developing the financial literacy of participants who

are amongst the most marginalized and are therefore the most likely to be financially

illiterate would be expected to significantly increase the impact of the intervention.

Similarly, a commitment device that encourages the accumulation of precautionary

savings could achieve similar objectives by nudging participants into behaviours that

overcome their cognitive biases.

Savings Groups as an Effective Financial Inclusion Intervention

The savings group (SG) intervention could address some of those shortcomings. SGs

are “a member-owned institution composed of a small number of people who save

together and take small loans from those savings” (Savings Group Information Ex-

change, n.d.a). They provide rudimentary financial services to otherwise financially

excluded populations in the developing world. The SG intervention is the provision

of equipment, training, assistance and monitoring by non-governmental organizations

(NGOs) to help set up SGs in areas where both formal and informal financial services

are scarce. Not only do NGOs often include financial literacy training as part of the

7Respondents are considered to be financially literate “when he or she correctly answers at least
three out of the four financial concepts” (Klapper et al., 2014).
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SG intervention, SGs themselves create an environment that fosters the development

of financial literacy. They create a communal setting where participants can learn

from one another and acquire financial literacy skills by participating in the account-

ing of group finances. They also require recurrent purchases of SG equity, which acts

as a commitment device that fosters the accumulation of precautionary savings.

Figures 1.5, 1.6 and 1.7 break down financial inclusion across participation in a SG in

the measures of financial resilience discussed above, i.e. the marginal probability of

respondents having skipped a meal, gone without medical treatment or medicine, or

been unable to send children to school due to lack of money over the last 12 months.

The marginal probabilities are estimated using logistic regression on data from Fin-

Scope as above (FinMark Trust, 2014a, 2018, 2014b). A clear pattern emerges in

regards to participation in a SG. SG participants seem generally less likely to skip

a meal, go without medical treatment or medicine, or be unable to send children to
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school than financially included individuals who are not members of SGs or financially

excluded individuals. The difference in probability between financially included indi-

viduals who are members of a SG and financially excluded individuals is statistically

significant at a level of significance of at least 10% in all cases except being unable

to send children to school in Myanmar, which seems unaffected by financial inclusion

altogether. The difference in probability between financially included individuals who

are members and those who are not members of a SG is statistically significant at a

level of significance of at least 10% for going without medical treatment or medicine

in all three countries, and for skipping meals in Nepal.

Evidence for Impact of the Savings Group Intervention

The evidence for improvements in financial resilience in evaluations of SG interven-

tions is generally positive. Annan et al. (2013) estimated the impact of a three-year

SG formation intervention in Burundi and found statistically significant increases in

food security, education expenditures and total expenditures, but no impact on health

expenditures. Beaman et al. (2014) estimated the impact of a SG formation interven-

tion in Mali and found statistically significant increases in food security, but no impact

on education and health expenditures. Karlan et al. (2017) estimated the impact of

a SG formation intervention in Ghana, Malawi and Uganda and found no impact

on food security, but a statistically significant increase in women’s empowerment.

Finally, Ksoll et al. (2016) estimated the impact of a SG formation intervention in

Malawi and found statistically significant increases in food security. Positive impact

on other indicators that may promote financial resilience include significant increases

in total savings (Beaman et al., 2014; Ksoll et al., 2016) and physical assets (Annan
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et al., 2013). Some of the mixed results can likely be explained by the short duration

of the evaluations. SGs are fundamentally different from other financial inclusion

interventions, as participants cannot withdraw their savings before the end of the

SG cycle. A large share of the participants in Karlan et al. (2017) and Ksoll et al.

(2016) had not received their first share-out by endline, which limits the channels by

which improvements in financial resilience indicators can be achieved to borrowing,

excluding the impact through increased savings.

Savings Groups as an Affordable and Sustainable Financial Inclusion In-

tervention

Another attractive feature of the SG intervention is its low cost. Banking and micro-

credit interventions are generally expensive, and often require the ongoing involvement

of the NGO to ensure their survival. Those institutions are likely to be unprofitable

in highly marginalized areas. SGs on the other hand have implementation costs as

low as US$20-$30 per SG member (Karlan et al., 2017; Beaman et al., 2014). In

addition, they are generally quite sustainable even without external support beyond

the one year implementation period. The survival rate of SGs in the literature was

found to be 88% after 4 years in Zanzibar (Anyango et al., 2007), 92% after 4 years

in Cambodia, Kenya, Malawi, Mali, Tanzania, and Uganda (Gash and Odell, 2013),

64% after 8 years in Nepal (Valley Research Group and Mayoux, 2008), and 50% after

3-4 years in Cambodia (EMC, 2012). The low survival rate in the latter was blamed

on improper training of the groups (EMC, 2012).
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Savings Groups in the Theoretical Literature

While SGs are promising financial inclusion interventions and they have been growing

in popularity in the last decade, their theoretical foundation is not well understood.

Burlando et al. (2016) developed a theoretical model of SGs where agents can benefit

from the ability to borrow and from the rate of return they earn on their savings.

Agents are heterogenous, each earning a different but deterministic wage and invest-

ment income (Burlando et al., 2016). With no uncertainty, agents have no incentive

to accumulate precautionary savings as they can anticipate shocks. While the model

captures some of the intricacies of SGs, it fails to capture many of the design fea-

tures that drive the borrowing and saving dynamics of SG members and that lead to

inefficient distortions.

Theoretical Model of Savings Groups

Chapter 2 fills this gap in the literature by modeling SGs in a heterogenous agent

dynamic equilibrium model with storage and idiosyncratic income shocks similar to

Bewley-Huggett-Aiyagari models (Bewley, 1977; Huggett, 1993; Aiyagari, 1994) with

features from life-cycle models (Storesletten et al., 2004) to reproduce the SG share-

out cycle. SG members save and borrow during an approximately one year cycle

after which they receive their share-out equity, i.e. their savings and the return on

those savings. The model accurately reproduces the features of this cycle and the

constraints that it imposes, which is crucial for understanding the benefits that SGs

provide. Some of the most constraining features include:

• Mandatory repayment of loans at share-out before the distribution of equity
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• Proscription of share selling before share-out

• Limits on share purchasing

• Mandatory purchase of at least one share in all periods

• Unique per share share-out price regardless of purchase timing

The model is calibrated using SGs RCT data from Uganda (Karlan et al., 2017) en-

riched with data from household expenditure surveys (Uganda Bureau of Statistics,

2009-10, 2010-11, 2011-12). The model is used to evaluate the impact of the interven-

tion on the utility of agents across the income-state distribution and evaluate whether

the consumption smoothing benefit is sufficient to incentivize participation. A partic-

ipation constraint is not included in the theoretical model, because the consumption

smoothing benefit is only one of the many benefits of SGs identified in the literature.

The aggregate SG dynamics and the dynamics broken out by income state are then

analyzed to better understand how the unique features of VSLA-type SGs shape the

borrowing and saving behaviour of agents.

Welfare of the Savings Groups Intervention

Chapter 3 then considers the estimation of welfare in the SG environment developed

in chapter 2. To assess the feasibility of the interventions they undertake, many NGOs

perform cost-benefit analysis (CBA). As part of this exercise, they estimate the value

of the benefits of the intervention in monetary terms and compare it against the

implementation costs. In models with complete markets, such as Friedman’s (1957)

model of the permanent income hypothesis, the value of an intervention or policy

can easily be estimated by deriving the value of the one-time lump-sum transfer that
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agents would need to be as well off without as they are with the intervention. SG

participants do not have access to complete markets, hence the need for a financial

inclusion intervention in the first place.

Estimating welfare using a one-time transfer is infeasible in environments with in-

complete markets, because agents cannot easily shift this transfer across periods to

align its value with the benefits that the intervention or policy yield. Given the lim-

itations that incomplete markets impose on intertemporal shifting of consumption,

it is important for the measure of welfare to align the counterfactual estimates with

the period in which the intervention or policy yields benefits. The standard measure

of welfare used in models with incomplete markets is the consumption equivalent

variation (CEV),8 which measures the welfare of an intervention or policy by solving

for the percentage change in the consumption of agents needed to make them as well

off on average with and without the intervention or policy. The CEV is used as the

benchmark measure of welfare in microfinance models based on heterogenous agent

models, such as Wang (2019).

While the CEV is insightful and the estimates in consumption terms can be readily

converted to monetary estimates for use in a CBA, it is a purely theoretical exercise

that does not offer a feasible alternative intervention that would provide equivalent

benefits. In its standard form, it also averages welfare over the distribution and so does

not properly account for the distributional effects of the intervention or policy. To

address those shortcomings, we construct the financial value (FV) measure of welfare,

which quantifies the benefit of the intervention by solving for the state-contingent cash

8See Heathcote et al. (2013) for a complete discussion of the CEV and its various decompositions.
See also Flodén (2001) and Bénabou (2002).
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transfer needed to match the welfare gain of the SG. It provides a monetary estimate

of the benefits of SGs using as a counterfactual a natural alternative intervention,

a direct cash transfer, that could be implemented in real-life. The FV temporally

aligns the cash transfer with the benefits, which avoids the timing concerns raised

with complete market measures of welfare such as a one-time lump-sum transfer, and

varies across states to perfectly match the benefits across the state density, which

makes it more accurately account for distributional effects than the CEV.

The CEV and the FV of the SG intervention is then estimated using the calibration

for Uganda from chapter 2 to compare how the two measures of welfare perform

numerically, estimate the value of the benefits associated with the SG intervention

and see how it compares to the cost estimates from NGOs. Both the CEV and the

FV are then used to estimate the optimal interest rate on borrowing. The return

on SG equity is an endogenous price that is determined based on the borrowing and

saving decisions of SG participants, but the interest rate on borrowing is a parameter

that is determined at group formation when participants write the constitution of

their SG. The rate that is chosen has a significant impact on the welfare of the

intervention, and so gaining insights into how the estimates of welfare vary across a

range of interest rates could be very valuable to increase impact. While NGOs do not

directly choose the interest rate on borrowing that SGs adopt, they can adjust the

training that they provide to nudge interest rate decisions towards rates that lead to

higher welfare.
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Savings Group Design

Finally, chapter 4 considers the standard design of SGs as described by the bench-

mark model from chapter 2 to find practical ways in which the design of SGs can be

improved. The complex design of SGs with its share-out cycle is necessary to keep

the accounting of group finances simple enough for the low financial literacy of the

target population, but it distorts the borrowing and saving behaviour of participants.

We consider two alternative designs (AD) that mitigate or eliminate some of the most

significant distortionary features:

• AD1: mitigates the distortions imposed by the mandatory repayment of loans

at share-out by letting agents repay their loans using share-out equity

• AD2: eliminates all five main distortionary features identified in chapter 2 with

a new model of SG that operates continously with no share-out cycle

To our knowledge, neither of those designs have been implemented anywhere in the

world even as trial runs. What hinders their implemenation is that the target pop-

ulation’s financial literacy is insufficient to maintain the operations of those SGs

without outside help. Making these SG designs feasible requires improving the finan-

cial literacy of group members through further training or investing in technological

innovations such as the development of a mobile application that would perform the

calculations needed for the proper operation of the group.

Loosening the cash-flow constraint in the share-out period by letting agents repay

their loans using their share-out equity is potentially achievable with only additional

training. NGOs could teach group members how to compute the value of the SG’s ag-

gregate equity before all loans are repaid. Members would then be required to repay
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only the amount they owe in excess of their share-out equity. The share-out equity

would then be distributed net of outstanding borrowing. If building this accounting

capacity cannot be achieved with a reasonable amount of training, technological in-

novations such as a mobile application that performs the share-out calculations could

be developed to make this possible.

It is unlikely that any amount of training would make the continuous SG design with

no share-out cycle feasible in real-life. The development of a SG management mobile

application would be necessary to make this SG design feasible at scale. In this SG

model, every period is identical. Agents can save, withdraw their equity, or borrow in

any period. The ability to withdraw equity without requiring that outstanding loans

be repaid in full makes it necessary to keep track of the value of the group’s total

equity through either a varying share price or adjustments to the number of shares

outstanding (i.e. a share dividend). Theoretically, this is achieved by assuming that

agents sell all their shares every period at the new price and buy new shares at the

calibrated share price. The mobile application could track the value of the equity

and update the number of shares held by each member (i.e. a share dividend) while

allowing for fractional shares. This would let the SG keep its fixed calibrated share

price, preventing the price from drifting up over time, which would otherwise require

recurring share splits.

Overall, simulating those alternative designs is crucial to understand how they im-

prove welfare relative to the benchmark model of SG from chapter 2. Estimating the

increase in the welfare that each alternative design yields provides a baseline valuation

of the benefits of providing the necessary additional training or of investing in the

development of a SG mobile management application. The costs of the provision of
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training or of the mobile application development investment can then be compared

against the benefits to determine feasibility.
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Chapter 2

Theoretical Model of Savings Groups

2.1 Introduction

Savings groups (SG) are “a member-owned institution composed of a small number

of people who save together and take small loans from those savings” (Savings Group

Information Exchange, n.d.a). They provide rudimentary financial services to other-

wise financially excluded populations in the developing world. The SG intervention is

the provision of equipment, training, assistance and monitoring by non-governmental

organizations (NGOs) to help set up SGs in areas where both formal and informal

financial services are scarce. With implementation costs of US$20-$30 per SG mem-

ber (Karlan et al., 2017; Beaman et al., 2014), they are a low-cost way of increasing

financial inclusion amongst the most marginalized.

SGs first emerged organically as friendly societies in a framework now described as

Rotating Savings and Credit Associations (ROSCAs) with records from the West

and China going as far back as the late 17th and 19th century respectively (Gosden,

1961; Ardener, 1964; Smith, 1899). They are still very common throughout Africa,
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where many local names have emerged: tontines, susus, merry-go-rounds and xitiques

(Allen and Panetta, 2010). They operate with a rotating-payout design. Members

contribute a fixed amount every meeting and then take turns receiving all the money

collected in one meeting.

ROSCAs may have many soft benefits, including fostering financial literacy and social

cohesion, but they are not designed to facilitate consumption smoothing. Participants

cannot choose when they receive their payoff and they are forced to contribute in

periods in which they receive nothing. Since the timing of contributions and payoffs

cannot be aligned with cash inflows or unexpected income or expenditure shocks,

ROSCAs may only worsen the participants ability to smooth consumption.

This research hence focuses on the VSLA-type (Village Savings and Loan Associa-

tion) model of SGs that was developed by CARE in the 1990s (Karlan et al., 2017).

The VSLA-type SG intervention has since exploded in popularity and is being im-

plemented by a number of different NGOs across five continents. Over 13 million

members have saved over US$325M in nearly 600,000 VSLA-type SGs who regurlarly

report data on the SAVIX online database (Savings Group Information Exchange,

n.d.b). The design of VSLA-type SGs greatly improves upon the design of ROSCAs

by letting members borrow from group savings in any period and hence facilitates

access to cash when needs arises.

The design of VSLA-type SGs is not purely homogenous, but there are some key

features that are consistent across most SGs. In general, VSLA-type SGs:

• meet on a regular basis, usually every two weeks

• have 20 to 25 members, but it may be as low as 15 in remote areas
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• require members to save by buying 1 to 5 shares per meeting

• allow borrowing by members when needed

• require contribution to a social fund which provides insurance against preset

events (e.g. death of a family member)

• operate on a one year cycle, after which loans must be repaid and equity is

distributed back to members (i.e. the share-out)

Regular meetings (before share-out) usually proceed in the following way:

• Step 1 - Opening the Meeting

• Step 2 - Daily Savings1

• Step 3 - Share Purchasing

• Step 4 - Loan Repayment

• Step 5 - Calculating Loan Fund

• Step 6 - Loan Taking

• Step 7 - The Social Fund

• Step 8 - Totaling Balances

• Step 9 - Closing the Meeting

Table 2.1: Regular SG Meeting Agenda

In the literature, evidence for the benefits of SGs is mixed, but generally supports

at least some impact on increased business investments, consumption smoothing,

women’s empowerment, financial literacy and socialization (Karlan et al., 2017; Ksoll

et al., 2016; Annan et al., 2013; Beaman et al., 2014). SGs contribute to consumption

smoothing by enabling borrowing, loosening the savings constraint and providing a

rate of return on savings. The former lets members smooth consumption when their

1Members receive the savings they have deposited for safekeeping since the last the meeting,
which they can now use to buy shares or repay their loans. For example, some may find it unsafe
to keep their money at home. This provides them with a safe way of storing the money in between
meetings.
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savings run out while the latter two improve the members’ overall ability to smooth

consumption by facilitating the accumulation of precautionary savings.

The evidence for consumption smoothing in rigorous randomized control trials (RCTs)

is generally positive. They identify positive and significant increases in food security,

food consumption during the lean period (Beaman et al., 2014), total savings (Beaman

et al., 2014; Ksoll et al., 2016) and physical assets (Annan et al., 2013). However,

some RCTs find non-statistically significant results on food security (Karlan et al.,

2017) and gross asset count (Ksoll et al., 2016). These mixed results may perhaps

be explained by the short duration of the RCTs. A large share of the participants in

Karlan et al. (2017) and Ksoll et al. (2016) had not received their first share-out by

endline, which limits the channels by which improvements in consumption smoothing

can be achieved to borrowing, excluding the impact through increased savings.

The complex design of VSLA-type SGs described above is necessary to keep the ac-

counting of group finances simple enough for the target population’s low financial

literacy. It however introduces important distortions in the borrowing and saving be-

haviour of agents that reduces the overall impact of the intervention. The distortions

arise as a result of the unique characteristics of the share-out cycle as listed in table

2.2. These characteristics prevent agents from making efficient use of their ability to

borrow and of the additional savings that SGs allow.

This chapter answers two research questions about SGs:

• How can savings groups be represented in a tractable economic model?

• What are the distortionary features of the current VSLA-type savings groups

and how do they affect the borrowing and saving decisions of agents?
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1. Mandatory repayment of loans at share-out before the distribution of equity

2. Proscription of share selling before share-out

3. Limits on share purchasing

4. Mandatory purchase of at least one share in all periods

5. Unique per share share-out price regardless of purchase timing

Table 2.2: Main Distortionary Features of VSLA-Type SGs

The first research question focuses on the theoretical modeling of SGs. The precursor

to the more current VSLA-type SGs, ROSCAs, which are described above, have been

modeled theoretically in environments where agents want to buy an indivisible good

(Besley et al., 1993; Anderson and Baland, 2002). In the first model, the pooling of

savings benefits agents by making it possible to purchase the indivisible good sooner,

or at worse no later (Besley et al., 1993). Even if their ability to store cash at home

lets all agents save enough on their own to make the purchase, the ROSCA with

random allocation leads to an outcome where:

• one participant obtains sufficient funds to purchase the good immediately in

period 1

• other agents take turns obtaining the necessary funds in each subsequent period

• the most unlucky agent receives the funds in the last period, which is the same

period in which they would have otherwise accumulated the funds (without the

ROSCA)
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In the second model, ROSCAs benefit agents by making it possible for the partic-

ipants to save in an environment where they disagree with their spouse about the

value of the indivisible good (Anderson and Baland, 2002). The benefits arise not

just as a result of timing, but also because accumulating the savings necessary for

purchasing the indivisible good would otherwise be infeasible (Anderson and Baland,

2002). In the absence of a ROSCA, the spouse would spend the money on immediate

consumption.

Unlike VSLA-type SGs, members of ROSCAs receive no benefit from participation

once they have received their payout, which makes their sustainability and low de-

fault rates surprising. Their success can be explained by what Besley et al. (1993) call

“social capital”, which arises in tight-knit communities and provides the means for

enforcing participation. Anecdotal evidence shows that members “may go to great

lengths” to fulfill their commitments to a ROSCA, including stealing or engaging in

other illegal activities (Ardener, 1964). A similar type of community-driven enforce-

ment is argued to fuel the sustainability of VSLA-type SGs.

Burlando et al. (2016) develop a theoretical model of VSLA-type SGs where agents

can benefit from the ability to borrow and from the rate of return they earn on their

savings. Agents are heterogenous, each earning a different but deterministic wage

and investment income2 (Burlando et al., 2016). With no uncertainty, agents have

no incentive to accumulate precautionary savings as they can anticipate shocks. The

model overall captures many of the intricacies of VSLA-type SGs including (Burlando

et al., 2016):

• Constraint s̄ on accumulation of SG equity based on the share price

2Agents earn income from investments in projects outside the SG. e.g. farm income
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• Proscription of share selling ahead of share-out

• Rationing of funds if the demand for borrowing exceeds the supply of savings

• Annualized return that depends on the periods in which funds are invested

The model does not, however, account for a number of design features including:

• Minimum share purchasing requirement every period

• Flexibility in timing of loan repayment within the SG cycle

In fact, borrowing functions in a fundamentally different way in this model than

in VSLA-type SGs. Borrowing occurs within period, with the loan received at the

beginning of the period and repaid at the end. Borrowing is not a state variable;

only SG equity and storage are state variables. This makes borrowing useful only for

investing in outside projects—which yield their payoff in the same period before loan

repayment—and not for consumption smoothing.

Overall, Burlando et al.’s (2016) model provides a setup in which to study some of

the fundamental dynamics of SGs including rationing, but the simple design abstracts

from many of the distortionary features listed in table 2.2, which makes it unsuitable

for comparing various SG designs. The lack of uncertainty also makes it ill-suited for

studying how agents use SGs to accumulate precautionary savings.

In the microfinance literature, Kaboski and Townsend (2011) develop a structural

model with idiosyncratic shocks based on a standard precautionary savings model like

Aiyagari (1994), Carroll (1997) and Deaton (1991). The focus being microfinance,

benefits arise through investments in projects. Defaults also play a major role as

“social capital” is much weaker in microfinance lending arrangements.
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To fill the gap in the literature on SGs, we develop a model that combines Burlando

et al.’s (2016) model of SGs with Kaboski and Townsend’s (2011) approach to un-

certainty, and refine the structural design. We model SGs in a heterogenous agent

dynamic equilibrium model with storage and idiosyncratic income shocks similar to

Bewley-Huggett-Aiyagari models (Bewley, 1977; Huggett, 1993; Aiyagari, 1994) with

features from life-cycle models (Storesletten et al., 2004) to reproduce the SG cycle.

The model is designed to capture the five key distortionary features introduced by

the ∼ 1 year SG share-out cycle listed in table 2.2 in the most parsimonious environ-

ment possible to facilitate interpretation of the results and to ensure computational

feasibility.

The model not only incorporates uncertainty, it also more closely reproduces the de-

sign features of VSLA-type SGs than Burlando et al. (2016). Funds can be loaned out

for any period of time within the SG cycle, with repayment requirements only in the

share-out period. Agents are also required to purchase at least one share every period

which, combined with the precautionary savings motive introduced by uncertainty,

shapes the agent’s storage dynamics. The model is described in section 2.2 (Model)

and its equilibrium is defined in section 2.3 (Definition of the Equilibrium).

The model is calibrated using data from SGs in Uganda, which were part of a ran-

domized control trial (Karlan et al., 2017), as well as from household expenditure

surveys (Uganda Bureau of Statistics, 2009-10, 2010-11, 2011-12). The calibration

is presented in section 2.5 (Calibration). Numerical findings for agents across the

state density are outlined in section 2.7 (Benchmark Results). Aggregate dynam-

ics are shown in section 2.8 (Aggregate Dynamics) and dynamics broken out by

income-state in section 2.9 (Dynamics by Income State).
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The aggregate dynamics illustrate many of the welfare-reducing distortionary features

of VLSA-type SGs summarized in table 2.2. The first distortionary feature—the

mandatory repayment of loans at share-out before the distribution of equity—prevents

agents from borrowing to smooth consumption when shocks hit in periods just before

share-out. The dynamics of low-income agents reflect that reality. Their borrowing

increases over the first half of the SG cycle, but then flattens out over the second half

of the cycle in expectation of the required repayment at share-out.

Features two through four—proscription of share selling, limits on share purchasing,

and mandatory purchasing—are illustrated by the movement from storage to equity

throughout the SG cycle, and back out from equity to storage at share-out. The

proscription of share selling before share-out forces agents to borrow when storage

runs out due to a large shock even with large equity holdings. The limits on share

purchasing constraining the accumulation of equity in early periods prevents agents

from reinvesting their share-out equity in the new SG. Finally, the mandatory pur-

chase of at least one share in all periods forces agents to borrow more to finance

the purchase of a share in bad states. All of these distortions of the borrowing and

saving behaviour of agents prevent agents from holding on to their optimal level of

precautionary savings.

The increasing slope of aggregate equity also illustrates the fifth distortionary feature,

the unique share-out price per share that applies regardless of when shares were

purchased, and which incentivizes delaying share purchasing to later periods. In early

periods, agents will keep a large portion of their precautionary savings in storage,

earning no return, and buy as many shares as possible in the later periods using their

storage. The advantage of holding on to their capital as long as possible—within
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their storage constraints—is that they can respond to income shocks without being

forced to borrow.

2.2 Model

The design of VSLA-type savings groups (SGs) is very particular and unlike any other

financial market. SGs operate in a cyclical manner as illustrated in figure 2.1.

SG 
Formation

Share-Out 
(~ 1 year)

New 
Cycle

Repeats 
Indefinitely

Every meeting:
● Buy 1-5 share(s)
● Borrow if needed
○ Fixed interest rate (e.g. 3%/month)

SG 
Meeting

At share-out:
● Must repay all loans
● Receive share of the group’s equity

First meeting:
● Cannot reinvest all share-out money
● Must purchase 1-5 share(s)

SG formation:
● Determine group’s constitution
○ Meeting frequency
○ Borrowing rate
○ Social fund
○ etc.

Figure 2.1: Cycle of a VSLA-type Savings Group

The cycle begins with group formation, which is when the group’s constitution is

determined. The group’s constitution enshrines the rules of groups regarding atten-

dance, borrowing, the share price, the social fund, etc. Group meetings then take

place on a regular basis, generally bi-weekly, and members are required to purchase

at least one share at every meeting. Members cannot buy more than five shares to

prevent substantial differences in equity ownership. Members can borrow from the

SG after share purchases if funds are available. They are not required to repay their

loan until the end of the cycle. Overall, regular group meetings follow the agenda

described in table 2.1.

At the end of the cycle, which is generally after one year, the group “cycles-out”,
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which is when the group essentially dissolves and re-forms. All loans must first be

repayed, and the equity is then distributed to all group members according to the

number of shares that they have purchased thoughout the year. The group then starts

over with members purchasing one to five shares into the new SG. Members generally

cannot reinvest all of their share-out equity, as the five share buying restriction also

applies in the first meeting of new cycles. In the share-out and re-cycling meeting,

the meeting agenda must be adjusted to allow the proper closing of the previous SG

cycle and starting of the new cycle as shown in table 2.3.

Share-Out Re-Cycling

• Step 1 - Opening the Meeting

• Step 2 - Daily Savings

• Step 3 - Loan Repayment

• Step 4 - Totaling Balances

• Step 5 - Equity Distribution

• Step 6 - Share Purchasing

• Step 7 - Calculating Loan Fund

• Step 8 - Loan Taking

• Step 9 - The Social Fund

• Step 10 - Totaling Balances

• Step 11 - Closing the Meeting

Table 2.3: Share-Out and Re-Cycling SG Meeting Agenda

The model is designed to capture the majority of the intricacies described above.

The model covers a full SG cycle and has 12 periods, each representing one month.

A monthly frequency is used to reduce the size of the state-space and keep the model

computationally tractable. The loss of precision associated with a monthly 12-period

model compared to a biweekly 26-period model is expected to be small, since all the

dynamics of the SG cycle are captured in the 12-period model.

In intermediate periods when group members hold regular meetings, the model cov-

ers steps 3 to 6 from table 2.1. In the share-out and re-cycling period, the model
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covers steps 3 to 8 from table 2.3. Daily savings—i.e. in-between meeting cash

safeguarding—and the social fund—i.e. insurance against predetermined events such

as the death of a family member—are not part of the theoretical model to keep things

tractable. The exclusion of daily savings is not expected to have any impact on the

estimates, as in theory, income cannot be earned in between periods.

Conversely, the exclusion of the social fund is expected to lead to underestimation of

welfare benefits, as the insurance it provides would be expected to improve the agents’

ability to smooth consumption. It is not included due to the high level of heterogene-

ity in its implementation across VSLA-type SGs and should hence be considered

an additional benefit alongside other soft benefits such as women’s empowerment,

financial literacy, and socialization. It could be added to the model or modeled sep-

arately when applying this theoretical framework to a specific SG intervention that

has consistent rules for the social fund.

The model is based on Aiyagari (1994), so agents are infinitely-lived, and it borrows

features from life-cycle models to incorporate the SG cycle. At the end of the SG

cycle, the continuation value is the first period of a new SG cycle rather than zero

(death) or the utility value of inheritances like in life-cycle models. Both group

formation/re-cycling and share-out are included in period 1. At group formation in
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period 1, the model is defined by the following maximization problem:

V SG
1 (z, s, 0, 0) = max

c,s′,b′,a′
u(c) + βE

[
V SG

2 (z′, s′, b′, a′)
]

(2.1)

s.t. c+ s′ −min{b′, φ1}+ pa′ = wez + s (2.2)

z′ = ρz + ε′ where ε ∼ N(0, σ2) (2.3)

0 ≤ s′ ≤ s̄ (2.4)

0 ≤ b′ ≤ b̄ (2.5)

a′ ∈ {1, 2, 3, 4, 5} (2.6)

The endogenous variable c is consumption, z is the income shock, s and s′ are past

and current storage, b′ is current borrowing, a′ is the number of SG shares purchased.

The parameter β is the discount factor, w is the wage, ρ is the persistence of the

wage, σ is the standard deviation of wage shocks, p is the price of SG shares, s̄ is the

storage constraint and b̄ is the borrowing constraint. The price φ1 is the endogenous

borrowing constraint.

The two state variables b and a—previous borrowing and shares purchased—are set

to zero in the equations above because this represents group formation. The first

period with b and a not equal to zero is described more fully below when discussing

share-out. The constraint in equation (2.4) limits storage to s̄, which is intended to

capture both physical storage constraints as well as limits on storage imposed by the

risk of theft, fire, etc.

The constraint in equation (2.5) is the borrowing limit b̄. It is intended to represent the

agent’s credit-worthiness and ability to repay. In reality, agents borrowing from SGs
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are not subjected to an explicit borrowing constraint but the maximum amount that

they can borrow is constrained by the willingness of other group members to extend

them credit, even when there are sufficient loanable funds in the SG reserve. The

process cannot be modeled explicitly since it is somewhat arbitrary, but it is expected

to be somewhat anchored in the agent’s fundamental credit-worthiness. After all, it

is in the best interest of other group members to lend out as much money as possible,

since it drives the rate of return they earn on their equity.

The exogenous borrowing limit b̄ does not capture the availability of loanable funds

in the SG, which is instead represented by the endogenous borrowing limit φ1. φ1

is determined in equilibrium when demand for loans exceeds SG equity. It is essen-

tially a cap on loan size that ensures that the borrowing market clears. In practice,

there is no universal approach to handling loan requests when demand for borrowing

exceeds the supply of equity in VSLA-type SGs. In those cases, group members are

responsible for deciding how to allocate the funds to the borrowers. Disagreements

are resolved democratically. In the absence of a universal resolution method for cases

where borrowing demand exceeds the supply of loanable funds, the imposition of an

endogenous borrowing limit of φj is the most intuitive approach.

It ensures that the borrowing market clears without introducing distortionary incen-

tives on the agent’s choice of b(·). An alternative approach to clearing the borrowing

market would be to reduce the size of loans granted to each member by a common

factor that would make aggregate borrowing equal to aggregate equity. This is not a

viable approach because agents would respond to this equilibrium scaling factor by

increasing their requested loan, and no equilibrium would exist. The use of an en-

dogenous borrowing constraint is also very equitable for members, which is consistent
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with the values ascribed to by SGs.

The constraint in equation (2.6) captures SG’s restrictions on share purchases. Group

members are required to buy at least one share and cannot buy more than five shares

per meeting. Shares purchases are also discrete, as fractional shares cannot be pur-

chased. The model hence requires the number of shares purchased each month to be

an integer between one and five.

In the intermediate periods when j = 2 to 11, the SG continues operating with

members borrowing and purchasing shares:

V SG
j (z, s, b, a) = max

c,s′,b′,a′
u(c) (2.7)

+ βE
[
V SG
j+1(z′, s′, b′, a′)

]
(2.8)

s.t. c+ s′ −min{b′,max{φj, b(1 + r)}}

+ p(a′ − a) = wez + s− b(1 + r) (2.9)

z′ = ρz + ε′ where ε ∼ N(0, σ2) (2.10)

p(a′ − a) ≤ wez + s (2.11)

0 ≤ s′ ≤ s̄ (2.12)

0 ≤ b′ ≤ b̄ (2.13)

a′ − a ∈ {1, 2, 3, 4, 5} (2.14)

Members can choose to repay their loans at any time, but they are not required

to do so. They simply keep accumulating interest at the monthly rate r. During

those periods, members cannot withdraw their savings, or in other words sell their
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equity. They must wait until the last period of the current cycle, i.e. period 1,3 to

recover their savings. This is when all the equity is separated out amongst group

members.

We can see from the budget constraint in equation (2.9) that borrowing is not modeled

directly as the change in borrowing, but is instead modeled as two separate transac-

tions: the repayment of b(1 + r) and the borrowing of b′. This greatly simplifies the

structure of the model and is still consistent with how SGs actually operate, because

the repayment of b(1+r) is not included in the cash-flow constraint in equation (2.11).

The borrowing b′ is here again constrained by an endogenous borrowing constraint

that now takes the form max{φj, b(1 + r)}. Borrowing b′ is allowed to exceed φj up

to the amount of debt accrued b(1 + r) because agents can carry their debt forward

during intermediate periods. This scenario is unlikely to occur in equilibrium as the

share-out cycle with the mandatory purchase of a share every period will generally

lead to values of φj that increase in j.

The cash-flow constraint in equation (2.11) is included to incorporate the frictions

imposed by the chronological order of events in a SG meeting. In regular SG meetings,

borrowing and saving occur in the following order (see table 2.1):

• Step 3 - Share Purchasing

• Step 4 - Loan Repayment (optional)

• Step 6 - Loan Taking

Since share purchasing occurs first, each member’s income wez and amount stored

from last period s must be large enough for the purchase of shares (at least one). Loan

3Period 1 is both the last period of the current cycle and the first period of the next cycle.
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repayment occurs next, but as explained above, it is not included in the cash-flow

constraint because members are not required to repay in intermediate meetings and

can simply carry the debt forward until the share-out meeting.

The storage constraint in equation (2.12) and the borrowing constraint in equation

(2.13) are the same as the ones in the first period above. The constraint on share

purchasing in equation (2.14) is analogous to the one in the first period, but instead

restricts the change in share ownership a′− a to integers between one and five rather

than total shares.

Period 12 is also an intermediate period; it is the last period before share-out and re-

cycling, which occur in period 1. It is identical to periods 2 to 11, with the exception

of the continuation value which is period 1 instead of period j + 1:

V SG
12 (z, s, b, a) = max

c,s′,b′,a′
u(c) (2.15)

+ βE
[
V SG

1 (z′, s′, b′, a′)
]

(2.16)

s.t. c+ s′ −min{b′,max{φ12, b(1 + r)}}

+ p(a′ − a) = wez + s− b(1 + r) (2.17)

z′ = ρz + ε′ where ε ∼ N(0, σ2) (2.18)

p(a′ − a) ≤ wez + s (2.19)

0 ≤ s′ ≤ s̄ (2.20)

0 ≤ b′ ≤ b̄ (2.21)

a′ − a ∈ {1, 2, 3, 4, 5} (2.22)

Finally, share-out and the start of the new cycle occur in period 1. These equations
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fully describe the share-out and re-cycling process, and are analogous to the period

1 group formation equations shown above, which are actually a special case of this

more complex setup:

V SG
1 (z, s, b, a) = max

c,s′,b′,a′
u(c)

+ βE
[
V SG

2 (z′, s′, b′, a′)
]

(2.23)

s.t. c+ s′ −min{b′, φ1}+ pa′ =

wez + s− b(1 + r) + πa (2.24)

z′ = ρz + ε′ where ε ∼ N(0, σ2) (2.25)

b(1 + r) ≤ wez + s (2.26)

0 ≤ s′ ≤ s̄ (2.27)

0 ≤ b′ ≤ b̄ (2.28)

a′ ∈ {1, 2, 3, 4, 5} (2.29)

Contrarily to the period 1 group formation case described above, the state variable

b is ≥ 0 and a is ≥ 12 as they are respectively the outstanding borrowing from the

last cycle and the number of shares accumulated over the last cycle. The share-out

process occurs in the following order (see table 2.3):

• Step 3 - Loan Repayment (mandatory)

• Step 5 - Equity Distribution

Loan repayment occurs first, before equity is distributed and before borrowing can be

made in the new SG. This means that the member’s income wez and amount stored s
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must be large enough to cover the repayment of the loan with interest b(1 + r). This

restriction is captured by the cash-flow constraint in equation (2.26).

Equity distribution is handled directly in the budget constraint where all shares pur-

chased in the last cycle a are paid back at the equilibrium price of π. The new

cycle then begins and the first meeting proceeds in the usual order but with no loan

repayment (see table 2.3):

• Step 6 - Share Purchasing

• Step 8 - Loan Taking

Both share purchasing and borrowing are modeled in the same way as in the original

group formation meeting.

2.3 Definition of the Equilibrium

A stationary recursive competitive equilibrium for this savings group model is sets of

household decision rules {cj(zj, sj, bj, aj)}Jj=1, {sj+1(zj, sj, bj, aj)}Jj=1, {bj+1(zj, sj, bj, aj)}Jj=1,

{aj+1(zj, sj, bj, aj)}Jj=1 and associated value functions {Vj(zj, sj, bj, aj)}Jj=1, prices π

and {φj}Jj=1, and stationary measures {λj}Jj=0 such that:

1. Given the prices π and {φj}Jj=1, the household’s policy functions {cj(zj, sj, bj, aj)}Jj=1,

{sj+1(zj, sj, bj, aj)}Jj=1, {bj+1(zj, sj, bj, aj)}Jj=1 and {aj+1(zj, sj, bj, aj)}Jj=1 solve

the household problem and {Vj(zj, sj, bj, aj)}Jj=1 are the associated value func-

tions.
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2. The borrowing market clears:

∫
Z×S×B×A

min{b2(z1, s1, b1, a1), φ1}dλ1 ≤

p

∫
Z×S×B×A

a2(z1, s1, b1, a1)dλ1

for j = 1 (2.30)

∫
Z×S×B×A

min{bj+1(zj, sj, bj, aj),max{φj, bj(1 + r)}}dλSGj ≤

p

∫
Z×S×B×A

aj+1(zj, sj, bj, aj)dλ
SG
j +

r

∫
Z×S×B×A

min{b2(z1, s1, b1, a1), φ1}dλSG1

r

j−1∑
i=2

∫
Z×S×B×A

min{bi+1(zi, si, bi, ai),max{φi, bi(1 + r)}}dλSGi

∀j ∈ J , j /∈ {1, J} (2.31)

∫
Z×S×B×A

min{b1(zJ , sJ , bJ , aJ),max{φJ , bJ(1 + r)}}dλSGJ ≤

p

∫
Z×S×B×A

a1(zJ , sJ , bJ , aJ)dλSGJ +

r

∫
Z×S×B×A

min{b2(z1, s1, b1, a1), φ1}dλSG1

r
J−1∑
i=2

∫
Z×S×B×A

min{bi+1(zi, si, bi, ai),max{φi, bi(1 + r)}}dλSGi

for j = J (2.32)

Equations (2.30), (2.31) and (2.32) hold with equality if φj is binding.
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3. The equity market clears:

π

∫
Z×S×B×A

a1(zJ , sJ , bJ , aJ)dλSGJ =

p

∫
Z×S×B×A

a1(zJ , sJ , bJ , aJ)dλSGJ +

r

∫
Z×S×B×A

min{b2(z1, s1, b1, a1), φ1}dλSG1 +

r
J−1∑
i=2

∫
Z×S×B×A

min{bi+1(zi, si, bi, ai),max{φi, bi(1 + r)}}dλSGi +

r

∫
Z×S×B×A

min{b1(zJ , sJ , bJ , aJ),max{φJ , bJ(1 + r)}}dλSGJ (2.33)

4. For every Z × S × B ×A, the stationary measures {λj}Jj=1 satisfy:

λj+1(Z × S × B ×A) =

∫
Z×S×B×A

Q((z, s, b, a),Z × S × B ×A)dλj

∀j ∈ J , j 6= J (2.34)

λ1(Z × S × B ×A) =

∫
Z×S×B×A

Q((z, s, b, a),Z × S × B ×A)dλJ

j = J (2.35)

2.4 Limitations

Although in practice SGs have only 20 to 25 members, the complexity of the model

makes it necessary to assume a law of large numbers on a continuum of agents to make

it computationally tractable. This means that all groups are all identical since—in

addition to there being no aggregate uncertainty—the idiosyncratic uncertainty is

averaged away in aggregate by the law of large numbers. With a limited number
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of members, there will in practice be some aggregate differences in groups caused

by idiosyncratic shocks. This limitation may overestimate the value of SGs—groups

overly affected by negative shocks may be constrained while groups overly affected

by positive shocks may earn a lower return. It is not expected to affect the overall

insights in regards to the distortions imposed by the current structure of VSLA-type

SGs or the ways in which their design could be optimized.

Other limitations of the model are that it assumes fully rational agents with perfect

information. Issues arising from asymmetric information or behavioral biases are

not considered. This means that relaxing some of the constraints imposed by the

institutional features of VSLA-type SGs will always be welfare-enhancing even though

some of these constraints may address some of these issues and be welfare-enhancing.

While that must be kept in mind when interpreting the findings, particularly when

assessing the benefits of design tweaks, many of the institutional features of SGs arise

out of a need to maintain simple accounting that can be performed by group members

with low financial literacy. Asymmetric information and behavioral biases may play

a role, but the literature does not identify these issues as fundamental factors driving

the current design of VSLA-type SGs.

2.5 Calibration

Table 2.4 summarizes the calibrated parameters and the sources used for calibra-

tion.

The time discount factor β is derived using Tanaka and Munro’s (2012) estimate of

the annual discount rate in rural Uganda. Their estimate of r = 47.5% is used to
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Parameter Description Value Source

β Time Discount Factor 0.968 Tanaka and Munro (2012)

γ
Coefficient of Relative Risk

Aversion
1.320 Tanaka and Munro (2012)

ρ Wage Process Persistence 0.900
Estimated from survey and SG

RCT data

σ
Standard Deviation of

Wage Shocks
0.350

Estimated from survey and SG

RCT data

w̃ Average Wage 93.943 Estimated from SG RCT data

p
Price of Savings Group

Shares
1.828 Estimated from SG RCT data

r Interest Rate on Borrowing 0.030 Unpublished SG data

s̄ Storage Constraint 43.179 Estimated from SG RCT data

b̄ Borrowing Constraint 43.287 Estimated from SG RCT data

Table 2.4: Calibrated Parameters (Monthly Frequency)

compute:

β =

(
1

1 + r

) 1
12

≈ 0.968 (2.36)

The utility function is assumed to take on a constant relative risk aversion (CRRA)

functional form where u(c) = c1−γ

1−γ . Tanaka and Munro (2012) estimate an average

risk aversion coefficient of 1.32, which is the value used to calibrate the coefficient of

relative risk aversion γ. They however find that risk aversion is quite heterogenous

across agro-climatic zones with a low of 0.72 and a high of 2.22. The model is hence

estimated under a range of alternative coefficients of risk aversion as part of the

robustness checks in chapter 3.

The wage process persistence ρ and the standard deviation of wage shocks σ determine

the income process of the target population. They are calibrated using data from Kar-

lan et al.’s (2017) randomized control trial (RCT) as well as from Uganda’s National
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Panel Survey (Uganda Bureau of Statistics, 2009-10, 2010-11, 2011-12). The esti-

mates are similar across both datasets with estimates of ρ ≈ 0.9 and σ ≈ 0.35− 0.40.

σ is set at the lower bound estimate of 0.35, but the model is estimated under a range

of alternative coefficients as part of robustness checks in chapter 3. The estimation

process is described in detail in subsection 2.5.1.

The average wage w̃ is the average monthly income of households in Karlan et al.’s

(2017) RCT, which is approximately 93.943. The wage parameter w in the model is

rescaled based on the income shocks such that average income equals the estimated

w̃:

w =
w̃∫

ezdF (z)
(2.37)

The price of SG shares p is determined using data from Karlan et al.’s (2017) RCT. As

part of their experiment, participants are asked to report their weekly contributions to

a VSLA-type SG. Contributions are the product of the share price and the number of

shares purchased, and so determining the share price requires estimating the number

of shares purchased. Restricting the sample to those who are members of only one SG,

we find that the 10th percentile of contributions is 0.42194, and the 90th percentile

is 2.1097, which is exactly five times the 10th percentile. The constitution of VSLA-

type SGs restricts share purchases to a range of 1 to 5 shares, which is consistent with

the observed range of values. The 10th percentile of 0.42194 is hence assumed to be

the price of one share at a weekly frequency. Scaling this share price to the monthly

frequency yields the calibrated parameter p = 1.828.

The interest rate on borrowing r is chosen by group members at group formation
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and is enshrined in their constitution. It does not respond to supply and demand in

the way financial markets usually operate. Data on the chosen interest rates is quite

scarce and it cannot be accurately disentangled from other variables in publically

available SG or financial inclusion data. It is set at 3% based on unpublished SG

data, in which monthly interest rates varied between 2% and 5%. 3% was the most

commonly chosen interest rate, and has also been found in this model to produce

the borrowing and saving dynamics that are the most consistent with the data given

other calibrated parameters.

The storage constraint s̄ is an important parameter as the loosening of the storage

constraint is a contributor to the benefits of the SG intervention. It is calibrated

using net savings of participants in the control group in Karlan et al.’s (2017) RCT.

It is set equal to the 75th percentile of net savings of those with positive savings,

which is s̄ ≈ 43.179. This value is also the 90th percentile of net savings amongst all

control group participants.

The borrowing constraint b̄ is calibrated using the outstanding amount borrowed

in Karlan et al.’s (2017) RCT. It is set equal to the 75th percentile of outstanding

amount borrowed of those with positive amounts outstanding, which is b̄ ≈ 43.287.

This value is also the 97th percentile of outstanding amount borrowed amongst all

participants.

2.5.1 Estimation of Income Shocks

In the model, income is defined as wez where w is a common wage scaling factor and

z is the idiosyncratic income shock. z is assumed to evolve according to an AR(1)
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process:

zt = ρzt−1 + εt εt ∼ N
[
0, σ2

]
(2.38)

The parameters ρ and σ fully identify the income process. They are estimated using

household income data from Karlan et al.’s (2017) randomized control trial (RCT)

as well as household survey panel data (Uganda Bureau of Statistics, 2009-10, 2010-

11, 2011-12). We first estimate a panel regression of the log of household income

on a number of explanatory variables—such as age, age squared, district, ethnicity,

education, etc.—to eliminate the observable heterogeneity. The residuals from that

first stage are then regressed on their lag to obtain estimates of the persistence ρ

and the standard deviation σ. Since the lag between the observations of monthly

household income is 24 and 12 months in the RCT and the survey data respectively,

the estimates of the second stage regression need to be transformed to obtain estimates

of ρ and σ as explained below. We then present the estimation for each dataset.

Time Frequency Transformation

The household income data used in the estimation process is for one month, which

coincides with the time frequency of the theoretical model. The lag between obser-

vations is approximately 24 months in the RCT data and 12 months in the survey

data. The model being estimated is hence:

rest = ρk︸︷︷︸
=β

rest−k +
k−1∑
i=0

ρiεt−i︸ ︷︷ ︸
=ut

(2.39)
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Where k = 24 in the RCT data and k = 12 in the survey data. It is possible to

recover ρ from the estimate of β by taking it to the power of 1
k
:

ρ̂ = β̂
1
k (2.40)

The variance of ε is derived in a similar fashion:

var(u) =
k−1∑
i=0

ρivar(ε) (2.41)

var(ε) =
1− ρ
1− ρk

var(u) (2.42)

Estimation with Karlan et al.’s (2017) RCT Data

The data from Karlan et al.’s (2017) randomized control trial (RCT) includes house-

hold income data collected at the intervention’s baseline and endline. The time be-

tween baseline and endline ranges between 22 and 30 months (Karlan et al., 2017),

and is assumed to average approximately 24 months for the purpose of deriving the

estimates of ρ.

As shown in table 2.5, the log of monthly household income is first regressed on the

age of the head,4 the age of the head squared, the number of adults in the household,

whether the head ever attended school, as well as time (baseline or endline), ethnicity

(of the head), education (of the head), and district dummies.

The analysis is performed seperately for the control group, the treatment group, and

the full sample to check whether income shocks are affected by the intervention. If

4The head of the household as defined in Karlan et al. (2017).
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(1) (2) (3)
Control
Group

Treatment
Group

Full
Sample

Age (Head) 0.0174∗∗∗ 0.0194∗∗∗ 0.0186∗∗∗

(3.80) (4.11) (5.67)

Age (Head) Squared -0.000214∗∗∗ -0.000214∗∗∗ -0.000216∗∗∗

(-5.04) (-4.89) (-7.08)

Number of Adults 0.184∗∗∗ 0.170∗∗∗ 0.177∗∗∗

(18.83) (17.20) (25.62)

Ever Attended School (Head) 0.581∗ 0.862∗∗∗ 0.729∗∗∗

(2.54) (3.37) (4.28)

Constant 3.252∗∗∗ 1.301 2.811∗

(3.40) (1.02) (2.20)

Time Dummies Yes Yes Yes

Ethnicity (Head) Dummies Yes Yes Yes

Education (Head) Dummies Yes Yes Yes

District Dummies Yes Yes Yes

Observations 8860 8841 17701

t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Table 2.5: Regression of Log Income on Household Characteristics

the intervention were found to affect income shocks, a different calibration of in-

come shocks could be used in autarky and with a SG. The analysis of the results

of the intervention could then be disaggregated into direct effects the welfare effects

of the SG through saving and borrowing—and indirect effects—the welfare effects of

the SG due to reduced income shocks perhaps caused by increased investments and

economic growth. The estimates are found to be almost identical across the three

subgroups, and so income shocks are assumed to be unaffected by the intervention in

the calibration of the model.

In the second stage, residuals are regressed on their lag to obtain β̂ as shown in table

2.6.
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(1) (2) (3)
Control
Group

Treatment
Group

Full
Sample

β̂ 0.121∗∗∗ 0.0962∗∗∗ 0.112∗∗∗

(8.01) (6.51) (10.62)

RMSE 1.101 1.129 1.118

Observations 2971 2953 5924

t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Table 2.6: Regression of Residuals on their Lag

The estimate of β can then be used to compute ρ̂ = β̂
1
24 as shown in table 2.7. The

estimate for the root mean squared error can be used to derive the estimate of σ:

σ̂ =

√
1− ρ̂

1− ρ̂24
(RMSE)2 (2.43)

σ̂ is also reported in table 2.7.

(1) (2) (3)
Control
Group

Treatment
Group

Full
Sample

ρ̂ 0.916 0.907 0.913

σ̂ 0.341 0.362 0.350

Observations 2971 2953 5924

t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Table 2.7: Estimates of ρ and σ using Karlan et al.’s (2017) RCT Data

Estimation with Uganda’s National Panel Survey Data

There are five waves of data in Uganda’s National Panel Survey: 2005, 2009, 2010,

2011, and 2013 (Uganda Bureau of Statistics, 2005-06, 2009-10, 2010-11, 2011-12,

2013-14). The middle three waves are used to estimate income shocks to preserve the
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consistency of the time frequency, which is annual for those three waves. The incon-

sistent spacing of the first and last wave—four and two years respectively—makes it

difficult to recover the estimate of ρ from the regression coefficient. Monthly house-

hold income is constructed using wage income for each household member, business

and farm income, and other transfers received by the household.

As shown in table 2.8, the log of monthly household income is first regressed on the

age of the head,5 the age of the head squared, the number of adults in the household,

whether the head ever attended school, as well as year (2009, 2010, or 2011), ethnicity

(of the head), and education (of the head) dummies.

(1)

Log of HH Income

Age (Head) 0.0175∗∗

(2.90)

Age (Head) Square -0.000243∗∗∗

(-4.21)

Number of Adults 0.260∗∗∗

(21.96)

Ever Attended School (Head) 0.962∗∗∗

(3.89)

Constant 3.318∗∗∗

(3.94)

Year Dummies Yes

Ethnicity (Head) Dummies Yes

Education (Head) Dummies Yes

Observations 6265

t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Table 2.8: Regression of Log Income on Household Characteristics

In the second stage, residuals are regressed on their lag to obtain β̂ as shown in table

2.9.

5The head of the household as defined in the survey (Uganda Bureau of Statistics, 2009-10,
2010-11, 2011-12).
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(1)

Residuals

β̂ 0.307∗∗∗

(20.63)

RMSE 1.089

Observations 4042

t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Table 2.9: Regression of Residuals on their Lag

The estimate of β can then be used to compute ρ̂ = β̂
1
12 as shown in table 2.10.

The estimate for the root mean squared error can be used to derive the estimate of

σ:

σ̂ =

√
1− ρ̂

1− ρ̂12
(RMSE)2 (2.44)

σ̂ is also reported in table 2.10.

(1)

Residuals

ρ̂ 0.906

σ̂ 0.401

Observations 4042

t statistics in parentheses
∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001

Table 2.10: Estimates of ρ and σ using Uganda’s National Panel Survey Data

2.6 Computational Methods

Solving the model first requires discretizing the continuous state variables z, s and b.

The income process z is discretized using the Rouwenhorst method to approximate a

continuous AR(1) process using a discrete Markov-chain approximation. The method

has been shown to match the mean, variance and first-order autocorrelation of any
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stationary AR(1) process (Kopecky and Suen, 2010). The storage and borrowing

state space is discretized using equally spaced grids that cover the ranges [0, s̄] and

[0, b̄] respectively.

The agent’s problem is solved using value function iteration. The equilibrium is then

found by iterating on the prices until they converge to a fixed point. The steps needed

to solve for the equilibrium:

1. Guess the prices π and {φj}Jj=1

2. Solve the agent’s problem using value function iteration taking prices as given

and obtain the household decision rules {cj(zj, sj, bj, aj)}Jj=1, {sj+1(zj, sj, bj, aj)}Jj=1,

{bj+1(zj, sj, bj, aj)}Jj=1, {aj+1(zj, sj, bj, aj)}Jj=1

3. Compute the state density by simulating the behaviour of agents using the

household decision rules until the steady-state is reached

4. Compute prices using the state density and the market clearing conditions

5. Update prices and go back to step 2 until prices have converged

The equilibrium is reached once prices have converged. The price π can be updated

by simply taking the average between the computed value of π and the value of π

assumed in the last iteration. Iterating on the prices {φj}Jj=1 is more complex. The

endogenous borrowing constraints can first be assumed to be non-binding and set

equal to ∞ (or b̄). If the inequality market clearing conditions are not satisfied, the

constraints must be tightened. The φj state space is discretized using the same grid

as the state variable b, since agents can only choose to borrow an amount that falls on

that grid and so any other value of φj is equivalent to the nearest smaller value on the
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grid of b. The state density can be used to estimate the extent to which the constraints

must be tightened, but it is not an exact measure as the agents will respond to the

new prices. Once the constraints are tightened, it is necessary to consider whether

they can be loosened even if the inequality market clearing conditions are satisfied

in the next iterations. The state density can again be used to estimate the extent

to which the constraint can be loosened. Once an equilibrium is believed to have

been identified, it is necessary to check each φj one by one to see whether it can be

loosened as although the inequality market clearing conditions are all satisfied, the

constraints may have been overly tightened. This is done by loosening each φj one at

a time by one grid point to check whether the inequality market clearing conditions

are still satisfied. If a constraint is found to be too tight, it is loosened and all φj

must be checked again one at a time. Once all φj have been checked, an equilibrium

has been identified since agents responds optimally to prices, and the prices satisfy

the market clearing conditions with all φj set as large as possible given the inequality

conditions.

The model is solved in Fortran using OpenMPI for parallelization.

2.7 Benchmark Results

Looking purely at the theoretical model of SGs without simulating a specific scenario

computationally, it is unclear whether SGs increase welfare relative to autarky. SGs

force their members to purchase at least one share at every meeting. In exchange,

they loosen the savings constraint by letting members save through both equity and

storage, they let members borrow, and they provide a rate of return on equity when

at least some borrowing occurs in the SG.
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In scenarios where members would not want to borrow—if for example the preset

interest rate on borrowing is too high—the rate of return on equity would be zero.

If in addition the storage constraint is not binding, the SG would make members at

best no better off and more likely worse off.

In less extreme scenarios where some borrowing occurs, it is possible for some members

to be better off and some to be worse off depending on their state variables. Agents

in good states want to save for bad states, i.e. accumulate precautionary savings, and

so they will benefit from the loosening of the savings constraint and the positive rate

of return. Those in good states and with high storage are expected to benefit the

most as their savings constraint is more likely to be binding and they have a large

pool of savings on which they could earn a rate of return.

Agents in a bad state with no storage benefit from the ability to borrow and so their

welfare would be expected to increase. At higher storage points, however, it is unclear

whether the benefits of a SG outweigh the downsides for agents in a bad state. They

can already partially smooth their consumption using their storage. Smoothing their

consumption further would require borrowing over and above the price of one SG

share, which may not be optimal considering the high probability that they remain

in a bad state in the next few periods where they will have run down their storage

and accumulated debt.

Scenarios where some agents are made worse off could justify the addition of a partic-

ipation constraint to the household decision problem where households could choose

to join or not the SG in the first period of every cycle. A participation constraint is

not added to the household problem in this paper for a number of reasons:
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• Across all simulations performed using reasonable parameters, at worse, welfare

drops marginally for a small subset of agents.

• The welfare measured by the value function in this model captures only the

benefits of SGs from consumption smoothing. Evidence for a number of other

benefits are identified in the literature, including increased business investments

and economic growth, women’s empowerment, financial literacy and socializa-

tion (Karlan et al., 2017; Ksoll et al., 2016; Annan et al., 2013; Beaman et al.,

2014). These additional benefits are likely to more than offset the drop in

welfare caused by the requirement to buy one share every period.

Figure 2.2 illustrates the change in welfare with a SG relative to autarky in three

income states (low-, mid-, and high-income) along with the state density in autarky.

The SG is simulated using the theoretical model described in section 2.2 and the

baseline calibration from section 2.5. In this case, all agents are better off with

the SG compared to autarky in spite of the equity contribution requirements of the

SG.

As expected, agents in high-income states are the ones benefiting the most. Their

increase in welfare is increasing in storage but is still relatively flat overall across the

storage distribution. Agents in mid-income states are also made better off, but their

increase in welfare is more muted than agents in high-income states. Their welfare

gain is also mostly stable across the storage distribution. The welfare of agents in low-

income states also follows the expected pattern. Most of the welfare gains occur at

low storage where they benefit from the ability to borrow. The welfare gains decline

with storage and are very small at the storage limit.
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Figure 2.2: ∆ in Welfare with a Savings Group Relative to Autarky by Income State
and Amount Stored with State Density (Autarky)

2.8 Aggregate Dynamics

Figure 2.3 illustrates the evolution of average steady-state equity, savings, reserve,

borrowing, and storage per member by period in the SG cycle (j). Equity is the sum

of savings and the return on the money that was lent out. It begins at the same point

as savings and diverges slowly as the return on lending accumulates.
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Figure 2.3: Average Equity, Savings, Reserve, Borrowing and Storage per Member
by Period in the Savings Group Cycle (j)

Savings is the average number of shares owned by group members multiplied by the

share price. Consistent with the SG restrictions requiring the purchase of 1-5 shares

per meeting, average savings are growing over the cycle. The growth in savings is,

however, increasing over the cycle especially in periods 9 to 12 where the growth

accelerates rapidly. This is caused by the fifth distortionary feature of VSLA-type

SGs listed in table 2.2, which is the unique per share share-out price that applies

regardless of when the shares are purchased. At share-out, the same payoff per share

is distributed for shares purchased in the first period than for shares purchased in the

last period. This implies that the annualized rate of return on savings is growing over

the cycle, which creates an incentive to delay share purchasing. For example, a return

of 3% over the share price, i.e. π = p× 1.03, provides an annualized rate of return of



2.8. AGGREGATE DYNAMICS 60

3% for money invested in the first period and of over 42% for money invested in the

last period.

Since π is an equilibrium price, each agent takes it as given without considering the

impact of the marginal dollar that they invest in SG shares. This is what drives

the large rush for buying as many shares as possible in the last few periods of the

group’s cycle. Since little or none of the equity accrued as a result of these structural

distortions gets lent out, the rush to purchase shares in the last few periods is simply

a transfer of wealth from those in bad states, who cannot afford to buy more than

the minimum of 1 share, to those in good states, who buy the maximum allowed of

5 shares.

Reserve is the average capital reserve per member at the end of each period after

borrowing has occured. It is the portion of equity that is not lent out and equals

equity minus borrowing. It tracks equity quite closely because, consistent with the

empirical data, the loan utilization ratio6 produced by the model using the baseline

calibration is quite low.7 The large amount of reserve that accumulates illustrates

the large gap between the supply of loanable funds and the demand for borrowing.

It creates a large wedge between the rate of return on savings and the interest rate

charged on borrowing. The wedge magnifies the adverse impact of the distortionary

6The loan utilization ratio is the share of equity that is lent out. It equals borrowing divided by
equity.

7Burlando et al. (2016) find a much higher loans-to-savings ratio, but use a different definition.
The loans-to-savings ratio discussed by Burlando et al. (2016) is the sum of all loans issued during
the cycle (for any length of time) divided by the amount saved by endline. This can result in a loans-
to-savings ratio above one (members can borrow many times over the cycle). The loan utilization
ratio discussed here is the sum of borrowing across all periods divided by the sum of equity across all
periods. This ensures that the loan utilization ratio accounts for the length of time that the money
is borrowed/saved. The overall loan utilization ratio is essentially an average of each period’s loan
utilization ratio weighted by the magnitude of the equity in that period.
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feature preventing share selling, feature two in table 2.2, which reduces welfare by

making it costlier to smooth consumption.

Borrowing is the average amount borrowed per member in each period. It begins close

to zero in the first period as groups member have just received their equity share-out

from the previous SG cycle. It increases slowly over the SG cycle as agents go through

the money that they have stored. It jumps up in the last period as agents expect the

large payoff that will occur in the first period of the next cycle and choose to smooth

consumption by borrowing and increasing consumption immediately. The high cost

of borrowing and the constraint requiring repayment of loans before share-out equity

is distributed deters similar jumps in borrowing before the last period.

Storage is the total amount stored outside the SG; it also exists in the counterfactual

case with no SG. In this case, it starts high as it holds most of the share-out received

from the previous cycle and declines slowly as agents accumulate SG shares. In the

last few periods, the decline accelerates as agents shift their storage into SG shares,

and increase consumption ahead of the next share-out.

Overall, the shape of the aggregate dynamics is defined by the movement from storage

to equity throughout the SG cycle, and back out from equity to storage at share-out.

This is driven by features two through four of the main distortionary features from

table 2.2: proscription of share selling, limits on share purchasing, and mandatory

purchasing of at least one share. The proscription of share selling before share-out

forces agents to borrow when storage runs out due to a large shock even with large

equity holdings. The limits on share purchasing constraining the accumulation of

equity in early periods prevents agents from reinvesting their share-out equity in the
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new SG. Finally, the mandatory purchase of at least one share in all periods forces

agents to borrow more than they otherwise would to finance the purchase of a share in

bad states. All of these distortions of the borrowing and saving behaviour of agents

prevent them from accumulating their optimal level of precautionary savings and

easily accessing them when the need arises.

2.9 Dynamics by Income State

The aggregate dynamics can also be broken up by income state. They are shown

for SG members in low-, mid-, and high-income states in figures 2.4, 2.5 and 2.6

respectively. The graphs are analogous to the one for the whole distribution, figure

2.3, with the exception that “reserve” is replaced with “equity - borrowing”.8

As expected, agents in low-income states borrow the most and save the least. Their

borrowing exceeds the amount that they have saved in the first half of the SG cycle

making “equity - borrowing” negative over that time period. It becomes positive in

the second half of the cycle, as the share-out cash-flow constraint prevents them from

borrowing against the equity that they are accumulating. This shape in the average

borrowing by agents in low-income states—increasing in the first half of the cycle,

then flat over the second half—illustrates the impact of the first distortionary feature

from table 2.2, the mandatory repayment of loans at share-out before the distribution

of equity. It prevents agents from borrowing to smooth consumption when shocks hit

in periods late in the share-out cycle. The shape of storage also shows the extent to

which low-income agents are required to maintain some storage throughout the cycle

to finance the shares that they are required to purchase every meeting.

8In aggregate, reserve is the capital reserve of the SG. The disaggregation of reserve as “equity
- borrowing” is each subgroup’s average contribution to total capital reserves.
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Agents in mid-income states have near zero borrowing throughout the cycle, except

in the final period where borrowing spikes up as they borrow against their upcoming

share-out (within their share-out cash-flow constraint). Storage begins high and drops

throughout the cycle as they accumulate equity. Storage is relatively concave due

to the increasing annualized rate of return; storage is preferred in early periods in

case a shock hits and the same return can be earned on shares purchased in later

periods.

Agents in high-income states have near zero borrowing throughout the entire cycle.

They also maintain high storage up until the 11th period where they rapidly con-

sume their storage ahead of share-out. This is precautionary storage used to smooth

consumption in case of a negative shock. They consume this storage in the last two
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Figure 2.4: Average Equity, Savings, Equity - Borrowing, Borrowing and Storage per
Low-Income Member by Period in the Savings Group Cycle (j)
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Figure 2.5: Average Equity, Savings, Equity - Borrowing, Borrowing and Storage per
Mid-Income Member by Period in the Savings Group Cycle (j)
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Figure 2.6: Average Equity, Savings, Equity - Borrowing, Borrowing and Storage per
High-Income Member by Period in the Savings Group Cycle (j)
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periods ahead of share-out rather than investing it in the SG as they are already

buying the maximum number of shares that they are allowed to buy.

2.10 Conclusion

There are no theoretical models of SGs in the literature that capture all five main

distortionary features of VSLA-type SGs as listed in table 2.2. This chapter sought

to fill this gap with a heterogenous agent dynamic equilibrium model with storage

and idiosyncratic income shocks similar to Bewley-Huggett-Aiyagari models (Bewley,

1977; Huggett, 1993; Aiyagari, 1994) with features from life-cycle models (Storesletten

et al., 2004). The model was calibrated using data from SGs in Uganda, which were

part of a randomized control trial (Karlan et al., 2017), as well as from household

expenditure surveys (Uganda Bureau of Statistics, 2009-10, 2010-11, 2011-12).

Distortionary Features of

VSLA-type SGs

Impact on Borrowing and Saving

Behaviour

Mandatory repayment of loans at

share-out before the distribution of equity
=⇒

Prevents agents from borrowing when

shocks hit in late periods

Proscription of share selling before

share-out
=⇒

Forces agents to borrow when storage runs

out even with large equity holdings

Limits on share purchasing =⇒
Prevents agents from reinvesting their

share-out equity in the new SG

Mandatory purchase of at least one share

in all periods
=⇒

Forces agents to borrow more to finance

the purchase of a share in bad states

Unique per share share-out price

regardless of purchase timing
=⇒

Incentivizes delaying share purchasing to

later periods

Table 2.11: Impact of the Main Distortionary Features of VSLA-Type SGs on the
Borrowing and Saving Behaviour of Agents

Overall, all agents are found to be made better off by participation in a SG. The

aggregate dynamics illustrate how the agents are affected by the constraints imposed
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by the design of VSLA-type SGs. In particular, the main distortionary features

are found to significantly affect the borrowing and saving behaviour of agents as

summarized in table 2.11. These prevent agents from accumulating their optimal

level of precautionary savings and easily accessing them when the need arises.
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Chapter 3

Welfare of the Savings Group Intervention

3.1 Introduction

In this chapter, we consider the estimation of welfare in the SG environment developed

in chapter 2. We answer three research questions about the welfare associated with

the SG intervention:

• What is the appropriate measure of welfare for the savings group intervention?

• Do the benefits of savings groups justify the costs of the intervention?

• How do those benefits vary with the choice of the interest rate on borrowing?

To answer the first question, it is important to first consider how the measures of

welfare of the SG intervention can inform implementing organizations. To assess the

feasibility of the interventions they undertake, NGOs perform cost-benefit analysis

(CBA). As part of this exercise, they estimate the value of the benefits of the in-

tervention in monetary terms and compare it against the implementation costs. It

is therefore important for the measure of welfare to provide an accurate financial
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estimate of the value that creating a SG provides to society.

In models with complete markets, such as Friedman’s (1957) model of the permanent

income hypothesis, the value of an intervention or policy can easily be estimated by

deriving the value of the one-time lump-sum transfer that agents would need to be

as well off without as they are with the intervention. SG participants do not have

access to complete markets, hence the need for a financial inclusion intervention in

the first place.

Estimating welfare using a one-time transfer is infeasible in environments with in-

complete markets, because agents cannot easily shift this transfer across periods to

align its value with the benefits that the intervention or policy yield. Given the lim-

itations that incomplete markets impose on intertemporal shifting of consumption,

it is important for the measure of welfare to align the counterfactual estimates with

the period in which the intervention or policy yields benefits. The standard measure

of welfare used in models with incomplete markets is the consumption equivalent

variation (CEV),1 which measures the welfare of an intervention or policy by solving

for the percentage change in the consumption of agents needed to make them as well

off on average with and without the intervention or policy. The CEV is used as the

benchmark measure of welfare in microfinance models based on heterogenous agent

models, such as Wang (2019).

While the CEV is insightful and the estimates in consumption terms can be readily

converted to monetary estimates for use in a CBA, it is a purely theoretical exercise

that does not offer a feasible alternative intervention that would provide equivalent

1See Heathcote et al. (2013) for a complete discussion of the CEV and its various decompositions.
See also Flodén (2001) and Bénabou (2002).
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benefits. In its standard form, it also averages welfare over the distribution and so does

not properly account for the distributional effects of the intervention or policy. To

address those shortcomings, we construct the financial value (FV) measure of welfare,

which quantifies the benefit of the intervention by solving for the state-contingent cash

transfer needed to match the welfare gain of the SG. It provides a monetary estimate

of the benefits of SGs using as a counterfactual a natural alternative intervention,

a direct cash transfer, that could be implemented in real-life. The FV temporally

aligns the cash transfer with the benefits, which avoids the timing concerns raised

with complete market measures of welfare such as a one-time lump-sum transfer, and

varies across states to perfectly match the benefits across the state density, which

makes it more accurately account for distributional effects than the CEV.

The benchmark FV measure is constructed using a state-contingent cash transfer that

varies across all state variables (income and storage states) to perfectly match the

counterfactual utility to the utility of agents with a SG, and fully capture distribu-

tional effects. It is compared against alternative FV measures that vary in welfare

averaging2 and in state variable contingency.3 Overall, the FV estimates are found

to be weakly decreasing in state variable contingency and in welfare averaging:

• ↑ in state variable contingency =⇒ cash transfer can be targeted to more

closely match the desired impact across the state density =⇒ ↓ value of SG

2Welfare averaging is the extent to which welfare is averaged before equalizing its value in the
counterfactual to the one with a SG. Equalizing average welfare with a SG to average welfare with a
cash transfer is the highest possible level welfare averaging while equalizing welfare in each possible
state is the lowest level.

3State variable contingency is the extent to which the cash transfer can depend on the state
variables. Having a state-contingent cash transfer that depends on all state variables is the highest
level of state variable contingency while having a unique cash transfer across all states is the lowest
level.
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relative to a counterfactual cash transfer intervention

• ↑ in welfare averaging =⇒ cash transfer can be targeted to those with the

highest marginal utility of income =⇒ ↓ value of SG relative to a counterfactual

cash transfer intervention

The review of the CEV and the derivations of the benchmark and alternative measures

FV in the context of the theoretical SG model are presented in section 3.2 (Measures

of Welfare).

In section 3.4 (Estimates of the Measures of Welfare), the CEV and the FV of

the SG intervention is then estimated using the calibration for Uganda from chapter

24 to compare how the two measures of welfare perform numerically, estimate the

value of the benefits associated with the SG intervention and see how it compares to

the cost estimates from NGOs. Relative to other interventions, the implementation

costs are generally low but there is no direct financial transfer and so the environ-

ment it creates must be of value. While RCTs have found evidence for a number of

benefits—including business investments, consumption smoothing, women’s empow-

erment, financial literacy and socialization (Karlan et al., 2017; Ksoll et al., 2016;

Annan et al., 2013; Beaman et al., 2014)—we focus on the consumption smoothing

benefit, which can easily be quantified with our benchmark structural model that

incentivizes precautionary savings.

In the benchmark (BK) findings, the CEV of a VSLA-type SG relative to autarky is

estimated to be 1.38%, which represents the percentage increase in the consumption

of all agents in autarky that is needed to match the welfare with a SG on average. The

4The model is calibrated using SGs RCT data from Uganda (Karlan et al., 2017) enriched using
data from household expenditure surveys (Uganda Bureau of Statistics, 2009-10, 2010-11, 2011-12).
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FV is estimated at US$2.76 per agent per month, which means that giving on average

US$2.76 per month to each agent would make them as well off as they would be with

a SG. The estimated FV of US$2.76 is the weighted average of the cash transfer in

each income state. The value for each income state varies from a low of US$-0.01 for

agents in low-income states to a high of US$10.90 for agents in high-income states.

This wide gap in the value for agents across the income-state distribution is caused

by a number of factors:

• Agents in low-income states must borrow over and above the amount that they

are forced to save by the SG to experience consumption smoothing benefits,

and borrowing constraints limit the extent to which this is possible

• Agents in high-income states benefit strongly from the loosening of their stor-

age/savings constraint and the rate of return they earn on their SG equity

• Agents in high-income states have a low marginal utility of income, which in-

creases the magnitude of the cash-transfer needed to provide a given increase

in utility

In spite of the negative cash transfer for agents in low-income states, agents in all

states are made better off by the consumption smoothing benefit of the SG interven-

tion in expectation. Given the SG’s long expected lifespan (Anyango et al., 2007;

Gash and Odell, 2013; Valley Research Group and Mayoux, 2008) and low implemen-

tation costs of approximately US$20-30 per member (Karlan et al., 2017; Beaman

et al., 2014), they are found to be a cost-effective intervention if a large enough share

of participants reached are financially excluded ex-ante.

We then consider how SGs could optimize their choice of the interest rate on borrowing
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to improve welfare in section 3.5 (Optimal Interest Rate). The return on SG

equity is an endogenous price that is determined based on the borrowing and saving

decisions of SG participants, but the interest rate on borrowing is a parameter that is

determined at group formation when participants write the constitution of their SG.

The rate that is chosen has a significant impact on the welfare of the intervention, and

so gaining insights into how the estimates of welfare vary across a range of interest

rates could be very valuable to increase impact. While NGOs do not directly choose

the interest rate on borrowing that SGs adopt, they can adjust the training that they

provide to nudge interest rate decisions towards rates that lead to higher welfare.

Using the calibrated model, we solve for the optimal interest rate using the CEV

and FV and find that it differs significantly across the two measures. The CEV

peaks at 2.46% at an interest rate of -9.5%, while the FV peaks at US$2.77 at an

interest rate of 4%.5 This large difference in the optimal interest rate is caused by the

CEV’s averaging of welfare. By averaging welfare, the CEV favours interest rates that

induce a transfer of wealth from agents in high-income states to those in low-income

states.

The FV, on the other hand, provides a more insightful estimate of the optimal interest

rate, as it maximizes the value created given no particular distributional objectives.

Even if the NGO has distributional objectives, maximizing the FV is still optimal

as long as the SG can be complemented with a stage-contingent cash transfer. With

an additional cash transfer on top of a SG, it would be possible to achieve higher

utility for all agents than in the -9.5% interest rate scenario by implementing the 4%

5The interest rate on borrowing was set at 3% in the benchmark.
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interest rate scenario and redistributing using the cash transfer.6 If an additional cash

transfer over and above the SG is not feasible, the optimal interest rate then depends

on the objectives of the NGO. If for example the NGO places a greater weight on

agents in low-income states, it may wish to implement a lower interest rate than the

optimal 4%. Near 0% for example, the benefits to agents in low-income states can be

increased significantly without overly reducing the benefits to agents in high-income

states, and without using the SG as a mechanism for redistributing wealth.

Finally, the estimates of the two measures of welfare are compared at a range of

different calibration parameters in section 3.6 (Robustness Checks).

3.2 Measures of Welfare

3.2.1 Consumption Equivalent Variation (CEV)

The standard approach to evaluating the impact of a policy change on welfare is the

consumption equivalent variation (CEV). The CEV is a measure of the percentage

change in consumption needed to make agents as well off without the policy change

as they are with the policy change. It is measured by solving for ω when equalizing

average welfare in autarky (AUT) with welfare with a savings group (SG):

∫
Z×S

E

[
∞∑
t=0

βtu
(
(1 + ω)cAUTt

)
|z, s

]
dλAUT =

∫
Z×S×B×A

E

[
∞∑
t=0

βtu
(
cSGt
)
|z, s, b, a

]
dλSG1 (3.1)

Finding the equivalent percentage change in consumption associated with a policy

6Note that this scenario would require a negative cash transfer for agents in high-income states,
which may not be feasible.
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change is an interesting theoretical exercise that allows the comparison of policy

choices, but it is of limited use when choosing whether to invest in training new SGs, or

in improving the design of SGs through technological innovation as it does not provide

estimates that can be easily compared against the cost of making those investments.

In addition, the standard CEV does not properly account for distributional effects

as it only equalizes welfare on average. A given CEV estimate could be the result of

either a small impact on agents with high marginal utility of income or a large impact

on agents with low marginal utility of income.

3.2.2 Benchmark Financial Value (FV)

To address the limitations of the CEV, we construct the FV measure of welfare

which values the SG using a state-contingent cash transfer in a counterfactual in-

tervention. A simple cash-transfer intervention is the natural benchmark alternative

against which all other interventions should be valued. It is not a good use of money

to implement a complex costlier intervention that could be substituted with a simple

cheaper cash transfer that provides as much welfare to every agent.7 In addition,

the use of a state-contingent cash transfer in the counterfactual intervention used to

compute the FV ensures that the measure of welfare can properly account for dis-

tributional effects. The state-contingent cash transfer makes it possible to equalize

the welfare of agents in the counterfactual to the SG scenario in every possible state,

ensuring that the cash-transfer intervention could exactly reproduce the impact of a

SG.

7Of course, more complex interventions like SGs generally have many more benefits than the
consumption smoothing benefit estimated in this research, which is why it is important to use the
derived estimates in combination with traditional CBA where the other benefits can be considered.
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In the benchmark FV model, a state-contingent cash transfer is added to an autarky

model where the agent’s only ability to shift consumption from one period to another

is through storage that has a rate of return of zero:

V CT (z, s) = max
c,s′

u(c) + βE[V CT (z′, s′)] (3.2)

s.t. c+ s′ = wez + s+ ct(z, s) (3.3)

0 ≤ s′ ≤ s̄ (3.4)

z′ = ρz + ε (3.5)

ε ∼ N(0, σ2) (3.6)

Using this model, the NGO minimizes the cost of making every agent at least as well

off with a cash transfer as they are with a SG:

min
{ct(z,s)}z∈Z ,s∈S

∫
Z×S

ct(z, s)dλCT (3.7)

s.t. V SG
1 (z, s, 0, 0) ≤ V CT (z, s) ∀z ∈ Z , s ∈ S (3.8)

The solution to this problem is the set of cash transfers {ct(z, s)}z∈Z ,s∈S that equalize

the utility of agents in this counterfactual cash transfer model to the utility of agents

in the SG, i.e. that makes the constraint hold with equality:

V SG
1 (z, s, 0, 0) = V CT (z, s) ∀z ∈ Z , s ∈ S (3.9)

The FV of the SG intervention can then be derived by calculating the average cash
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transfer across the state density:

FV BK =

∫
Z×S

ct(z, s)dλCT (3.10)

This valuation is intuitive as it tells us how much money the NGO would have to give

members to increase their welfare by as much as the SG. A direct cash transfer is

the simplest possible intervention, and the natural alternative against which all other

interventions should be evaluated.

3.2.3 Alternative FVs

The state-contingent cash transfer described above is useful in a theoretical frame-

work, but the NGO that implements the intervention may not be able to make the

cash-transfer contingent on some or all of the state variables—storage and income in

this instance. For example, it would not be surprising that NGOs cannot observe the

amount of cash that participants have stored at home and so it may not be appropri-

ate to make the cash transfer contingent on storage as the counterfactual intervention

would then not be feasible in real life. Similarly, if the NGO is not overly concerned

with the distributional effects of the intervention, it can instead choose to offer a cash

transfer that makes agents as well off on average, rather than making agents across

the state-density at least as well off. Changing those assumptions leads to different

values of FV, and the correct one depends on the objectives of the implementing

organization.

Table 3.1 summarizes our findings on the relative magnitude of the measures FV

in cases of (i) full contingency (FV m,1), (ii) partial contingency (contingent only
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on income; FV m,2) and (iii) no contingency (not contingent on either income or

storage; FV m,3) and when equalizing welfare (a) perfectly (FV 1,n), (b) on average for

agents in each income state (FV 2,n), and (c) on average overall (FV 3,n). As we will

show, the FV is found to be decreasing in state variable contingency and in welfare

averaging.

State Variable Contingency

Welfare Averaging

Full Contingency (z, s)

=⇒ ct(z, s); FVm,1
Partial Contingency

(z) =⇒ ct(z); FVm,2
No Contingency

=⇒ ct; FVm,3

Everyone is at least as well off:

V SG
1 ≤ V CT ∀z, s

=⇒ FV 1,n

=⇒ FV BK = FV 1,1 =⇒ FV 1,2

FV 1,2 ≥ FV BK

=⇒ FV 1,3

FV 1,3 ≥ FV 1,2 ≥ FV BK

Agents in each state z are

on average at least as well off:∫
S V

SG
1 dλCT ≤

∫
S V

CT dλCT ∀z

=⇒ FV 2,n

=⇒ FV 2,1

FV 2,1 ≤ FV BK

=⇒ FV 2,2

FV 2,2 ≤ FV 1,2

FV 2,2 ≥ FV 2,1

=⇒ FV 2,3

FV 2,3 ≤ FV 1,3

FV 2,3 ≥ FV 2,2 ≥ FV 2,1

Agents overall are on average at

least as well off:∫
Z×S V

SG
1 dλCT ≤

∫
Z×S V

CT dλCT

=⇒ FV 3,n

=⇒ FV 3,1

FV 3,1 ≤ FV 2,1 ≤ FV BK

=⇒ FV 3,2

FV 3,2 ≤ FV 2,2 ≤ FV 1,2

FV 3,2 ≥ FV 3,1

=⇒ FV 3,3

FV 3,3 ≤ FV 2,3 ≤ FV 1,3

FV 3,3 ≥ FV 3,2 ≥ FV 3,1

Table 3.1: Relative Magnitude of the Financial Value by State Variable Contingency
and Welfare Averaging

State Variable Contingency

In the partial contingency case where contingency on storage s is not feasible, the

cash transfer takes the form ct(z). The minimization problem hence becomes:

min
{ct(z)}z∈Z

∫
Z

ct(z)dλCT (3.11)

s.t. V SG
1 (z, s, 0, 0) ≤ V CT (z) ∀z ∈ Z , s ∈ S (3.12)

With only as many different cash transfers as there are income states, it is no longer

possible to perfectly match the utility of agents at every point in the state density.
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Using the same constraint that requires making agents at least as well of as they are

with the SG as in the benchmark case, some agents are likely to be better off. The

optimal ct(z) for each state z that makes all agents in that income state at least as

well off as with a SG is therefore the one that equalizes welfare at a minimum of one

point s (given z). In other words:

V SG
1 (z, s, 0, 0) ≤ V CT (z) ∀z ∈ Z , s ∈ S (3.13)

and ∀z∃s where V SG
1 (z, s, 0, 0) = V CT (z) (3.14)

Having identified the set of cash transfers {ct(z)}z∈Z , the financial value can be

found by integrating the cash transfers across the state density as in the benchmark

case:

FV 1,2 =

∫
Z

ct(z)dλCT (3.15)

The cash transfer ct(z) for each state z will generally be weakly smaller than the

largest cash transfer ct(z, s) of the corresponding state z, i.e. ct(z) ≤ maxs∈S ct(z, s) ∀z,

because the value functions are all weakly larger than in the benchmark case (where

they equal V SG
1 ). Those (weakly) larger continuation values will shrink the size of the

cash transfer needed in those states. In spite of this effect, the minimization problem

in equation (3.11) is nested in the benchmark minimization problem from equation

(3.7), and so the benchmark objective function must be weakly smaller:

FV 1,2 ≥ FV BK (3.16)
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To show that the problem is nested in the benchmark problem, we can rewrite the

minimization problem for FV 1,2 as the minimization for FV BK with an additional

constraint, equation (3.19):

min
{ct(z,s)}z∈Z ,s∈S

∫
Z×S

ct(z, s)dλCT (3.17)

s.t. V SG
1 (z, s, 0, 0) ≤ V CT (z, s) ∀z ∈ Z , s ∈ S (3.18)

ct(z, i) = ct(z, j) ∀z ∈ Z , i, j ∈ S (3.19)

Since it is the same minimization problem as the benchmark case but with an addi-

tional constraint that forces all cash transfers to be equal across the storage density,

it must be the case that FV 1,2 ≥ FV BK .

The same argument of model nesting can be used to show how the value of FV varies

with the contingency of state variables at any given level of welfare averaging.

Welfare Averaging

Consider the full contingency case where the cash transfer is offered to make agents

in each state z on average at least as well off with the cash transfer as they are with

a SG, i.e.
∫
S
V SG

1 dλCT ≤
∫
S
V CTdλCT ∀z. The minimization problem becomes:

min
{ct(z,s)}z∈Z ,s∈S

∫
Z×S

ct(z, s)dλCT (3.20)

s.t.

∫
S

V SG
1 (z, s, 0, 0)dλCT ≤

∫
S

V CT (z, s)dλCT ∀z ∈ Z (3.21)

In this case, welfare is only equalized on average across all s within each z, such



3.2. MEASURES OF WELFARE 80

that the NGO can choose to make some agents worse off and others better off. The

problem will inherently lead to some redistribution; the NGO will choose to increase

the cash transfers of agents with a high marginal utility of income and reduce the

ones of agents with a low marginal utility of income. This could lead to extreme

outcomes with very high negative cash transfers for agents in high-income states

and very low negative cash transfers for agents in low-income states. To avoid such

extreme outcomes, it is possible to include a participation constraint to prevent the

NGO from reducing an agent’s cash transfer below what is needed to make them

better off than in autarky:

V CT (z, s) ≥ V AUT (z, s) ∀z ∈ Z , s ∈ S (3.22)

The participation constraint could also be included in the benchmark case to ensure

that agents would voluntarily join the SG. It is not included explicitly as part of the

benchmark model from chapter 2, as it would not account for the myriads of other

benefits of SGs—including women’s empowerment, financial literacy and socializa-

tion. In other words, with a participation constraint, the model could determine that

some agents would choose not to participate in the SG because they are in a bad

state and mandatory contribution would make them worse off, but non-modeled soft

benefits such as for example community support may convince them otherwise. It is

left up to the interpretation of the modeler whether those benefits are expected to be

large enough to offset any drop in utility observed in some states of the state density

in the benchmark case with no participation constraint.

Having solved the problem described in equation (3.20) for the set of cash transfers
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{ct(z, s)}z∈Z ,s∈S , the financial value of making agents in each state z on average at

least as well off as they are with a SG can be derived in the usual way:

FV 2,1 =

∫
Z×S

ct(z, s)dλCT (3.23)

Even without deriving a condition defining the set of cash transfers {ct(z, s)}z∈Z ,s∈S ,

it is possible to show that FV 2,1 ≤ FV BK because the benchmark minimization

problem described in equation (3.7) is nested within this one. Requiring only that

the cash transfers equalize average welfare in each state z, i.e. the constraints in

equation (3.21), is a loosening of the welfare constraints relative to what is imposed

in the benchmark minimization problem, i.e. the constraints in equation (3.8). This

can be shown by rewriting the benchmark problem in the following way:

min
{ct(z,s)}z∈Z ,s∈S

∫
Z×S

ct(z, s)dλCT (3.24)

s.t.

∫
S

V SG
1 (z, s, 0, 0)dλCT ≤

∫
S

V CT (z, s)dλCT ∀z ∈ Z (3.25)

V SG
1 (z, s, 0, 0) ≤ V CT (z, s) ∀z ∈ Z , s ∈ S (3.26)

The constraints in equation (3.25) can be added to the benchmark problem since they

follow from the constraints in equation (3.26). If V SG
1 (z, s, 0, 0) is smaller or equal

to V CT (z, s) for all points in the storage-state density, than their weighted sum in

equation (3.25) must also be smaller. Finally, by writing the benchmark problem in

this way with the constraints from equation (3.25), it is now clear that the benchmark

problem is nested within the minimization problem used to solve FV 2,1 as it is simply

further constrained by the constraints in equation (3.26).
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The same argument of model nesting can be used to show how the value of FV varies

with welfare averaging at any given level of state variable contingency.

3.3 Computational Methods

Chapter 2 describes the computational methods for solving the SG model. The steps

for solving for the CEV:

1. Compute the average welfare with a SG

2. Create a grid of values of ω

3. Compute the average welfare in autarky at all values of ω

4. Find the value of ω where average welfare in autarky is closest to average welfare

with a SG8

5. Update the grid of values of ω so that it covers a narrower range of values

around the value of ω that was found to most closely match welfare

6. Go back to step 3 until a value of ω that closely equalizes welfare in autarky to

welfare with a SG is identified

The steps for solving for the benchmark FV:

1. Compute V SG
1 by solving the SG model

2. Create a grid of values of ct(z, s)

3. Solve the cash-transfer agent’s problem using V CT (z′, s′) = V SG
1 (z′, s′, 0, 0) as

8If the value of ω that makes average welfare in autarky closest to average welfare with a SG is
an endpoint on the grid, the grid did not cover a wide enough range of values of ω. Start over with
a grid that covers a wider range.
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the continuation values at all points on the grid of ct(z, s)

4. Find the values of ct(z, s) where V CT (z, s) is closest to V SG
1 (z, s, 0, 0)∀z ∈

Z , s ∈ S 9

5. Update the grid of values of ct(z, s) so that it covers a narrower range of

values around the values of ct(z, s) that most closely equalize V CT (z, s) to

V SG
1 (z, s, 0, 0)

6. Go back to step 3 until the values of ct(z, s) that closely equalize V CT (z, s) to

V SG
1 (z, s, 0, 0)∀z ∈ Z , s ∈ S are identified

The CEV and FV are solved in Fortran using OpenMPI for parallelization.

3.4 Estimates of the Measures of Welfare

While it is interesting to compare the changes in welfare graphically across the three

income states as in chapter 2, the ordinal nature of utility means that the numerical

change in utility provides little insights into the welfare impact across the distribution.

The consumption equivalent variation (CEV) described in section 3.2 is the standard

measure of the impact of policy changes in the literature. It summarizes the change

in welfare as a percentage change in the consumption of all agents. Overall, using the

CEV, the average increase in welfare of the benchmark model of SG is found to be

equivalent to increasing the consumption of all agents by approximately 1.38%.

Using the approach for deriving the FV of the SG intervention described in sec-

tion 3.2, we find that a SG provides an average value of US$2.76 per member per

9If the value of ct(z, s) that makes V CT (z, s) closest to V SG
1 (z, s, 0, 0) for any z ∈ Z and s ∈ S

is an endpoint on the grid, the grid did not cover a wide enough range of values of ct(z, s). Start
over with a grid that covers a wider range.
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month. In other words, the FV estimates that the SG provides the amount of welfare

equivalent to offering each agent a state-contingent cash-transfer that is worth on

average US$2.76 per month. A monthly benefit of US$2.76 per member is substantial

when considering that the total cost of the SG intervention generally ranges between

US$20-30 per member (Karlan et al., 2017; Beaman et al., 2014). Discounting at the

World Bank’s annual discount rate of 10%, the monthly benefit of US$2.76 yields a

net present value of US$86.07 if the group survives for 3 years, US$131.21 for 5 years,

and US$212.68 for 10 years.

SGs are found to be quite sustainable in the literature, with Anyango et al. (2007)

finding an 88% survival rate after 4 years in Zanzibar, Hugh Allen of VSL Associates

finding a 92% survival rate after 4 years across Cambodia, Kenya, Malawi, Mali, Tan-

zania, and Uganda (Gash and Odell, 2013), and Valley Research Group and Mayoux

(2008) finding a 64% survival rate after 8 years in Nepal. Conversely, EMC (2012)

found a survival rate of only 50% after 3-4 years in Cambodia, but this was blamed

on improper training of the groups. Even in the worse case scenario, the FV of the

consumption smoothing benefit easily justifies the low cost of the intervention.

Income State Average Financial Value

Low Income US$-0.01

Mid Income US$0.06

High Income US$10.90

Table 3.2: Average Financial Value per Member per Month by Income State

Table 3.2 breaks down the average FV by income state. As we can see, most of

the financial value accrues to those in high-income states because they are the ones

benefiting the most from earning a rate of return and from the relaxing of the savings

constraint. The average FV for those in low-income states is small but negative.
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This illustrates the contradictory impact of giving the most marginalized access to

borrowing while forcing them to save the value of one share every period. Access to

borrowing improves their ability to borrow, but the requirement to buy a share must

be fulfilled through further borrowing. The large wedge between the interest rate on

borrowing and the rate of return on savings makes this a costly requirement for those

in bad states.
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Figure 3.1: Cash Transfer by Income State and Amount Stored with State Density
(Cash-Transfer)
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Figure 3.1 illustrates the state-contingent cash transfer that is needed to match the

utility achieved in the presence of a SG across the storage distribution. A large

cash transfer that is increasing in amount stored is needed to match the utility of

agents in high-income states who participate in a SG. The cash transfer for agents in

mid-income states is near zero throughout the range of amount stored. It is slightly

negative when storage is zero and increases just above zero at the storage limit. The

cash transfer for agents in low-income states starts small and positive near US$0 in

storage but drops sharply into negative territory. It curves back up around US$7 in

storage and is increasing in storage from then on.

The consistent positive slope in the cash transfer relative to amount stored can be

easily explained by the rate of return on money invested that SGs provide. The one

exception to this pattern is the spike up near US$0 in storage for agents in low-income

states, which is driven by the access to borrowing that SGs provide. Even though

the SG forces them to purchase shares which is a cash outflow, the cash transfer is

positive because they can borrow both to buy the share and increase consumption.

They would otherwise be forced to consume only their income (in the absence of a

SG). Access to borrowing is not sufficient to make the cash transfer positive at higher

storage amounts for agents in low-income states, because borrowing is not needed for

them to consume more than their income. They can consume out of their storage

and the addition of a SG forces them to use up some of that storage for purchasing

shares.

It is important to keep in mind that the sign of the cash transfer is an indication

of whether the agents are made better or worse off only in the period in which it

is received. Overall, all agents are made better off as shown by the increase in the
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value functions in chapter 2. The agents in low- or mid-income states with negative

cash transfers are better off overall because of the expected value of the positive cash

transfers that they will receive when they transition to a better state.

3.5 Optimal Interest Rate

The interest rate paid on money borrowed from a SG is chosen by group members as

part of their constitution at group formation. Not only is it an exogenous parameter,

it is also a parameter that can easily be tweaked to improve efficiency. Implementing

organizations can influence interest rate choices as part of training and provide tools

for SGs to assess whether the interest rate should be revised in future cycles. Doing

so requires understanding how welfare varies across the income-state distribution at

a range of interest rate choices.

Figure 3.2 illustrates how the CEV and the FV vary across interest rate choices rang-

ing from -10.5% to 12%. As illustrated, the optimal interest rate varies significantly

across welfare measures with the CEV peaking at 2.46% at an interest rate of -9.5%

and the FV peaking at US$2.77 at an interest rate of 4%. This is caused by differences

in the units of measure and in the assumptions around welfare averaging of the CEV

and the FV:

• CEV: heavily influenced by agents in bad states

– Unit of measure: units in % of consumption =⇒ estimate is agnostic

to the maginal utility of agents =⇒ measure is comparable across the

state-density (if there was no welfare averaging)
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Figure 3.2: CEV and FV as a Function of the Interest Rate (r)

– Welfare averaging: CEV fully averages welfare =⇒ allows redistri-

bution across the income-state distribution =⇒ benefits to agents with

high marginal utility lead to large % increase in overall consumption =⇒

measure is heavily influenced by agents in bad states (with high marginal

utility)

• FV: heavily influenced by agents in good states

– Unit of measure: units in $ =⇒ magnitude of estimate depends on the

marginal utility of agents =⇒ overall estimate is heavily influenced by

agents in good states (with low marginal utility)

– Welfare averaging: perfectly equalizes welfare with no averaging =⇒
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effects across the state density are measured accurately

Therefore, at negative (positive) interest rates where the CEV (FV) peaks, more

of the benefits of SGs accrue to agents in low- (high-) income states. In spite of

the monetary unit of measure that makes the FV susceptible to being more heavily

influenced by agents in high-income states, the perfect equalization of welfare with

no averaging makes the FV accurately capture the benefits of SGs across the state

density. Its tendency to favour agents in high-income states is really just a reflection

of the larger financial benefit that those agents derive from a SG relative to those

in low-income states. It also illustrates that direct cash-transfer interventions are

relatively more valuable than a financial inclusion intervention like a SG to agents in

low-income states than to those in high-income states.

Figure 3.3, which breaks down the FV by income state, confirms our intuition about

the disaggregation of benefits across the income-state distribution. At positive interest

rates, agents in high-income states benefit from the rate of return they earn on their

SG equity in addition to the loosening of their savings constraint. At negative interest

rates, agents in low-income states benefit from a transfer of wealth from agents in

high-income states who are willing to earn a negative rate of return to save more than

their storage constraint allows.

The disaggregation of the FV across income states shows how the optimal interest

rate for a specific intervention depends on the NGO’s welfare objectives and its ability

to supplement the SG with an additional cash transfer. When cash transfers over and

above the SG intervention are feasible, the optimal interest rate on borrowing implied

by the FV is the optimal choice in all cases as welfare objectives can be achieved more
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Figure 3.3: FV as a Function of the Interest Rate (r) by Income State

efficiently through the cash transfer.

Conversely, if the NGO is constrained to only using the SG to achieve its welfare

objectives, the optimal interest rate may differ from both the ones implied by the

CEV and the FV. If for example the NGO weighs the benefits to agents in low-

income states more heavily than the benefits to those in better states, than the

optimal interest rate will decline below the 4% peak implied by the FV. Near an

interest rate of 0% for example, the benefits to agents in low-income states can be

increased significantly without overly reducing the benefits to agents in high-income

states, and without using the SG as a mechanism for redistributing wealth.
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Figure 3.4 illustrates how the loan utilization ratio—total borrowing divided by to-

tal equity—evolves over the same range of interest rates. As expected, borrowing

increases relative to equity as the interest rate paid on borrowing declines. Interest-

ingly, the ratio does not immediately jump to 100% at a borrowing rate of 0% or

even at small negative rates. This can be explained by the storage constraint. Agents

wanting to smooth consumption who already hold the maximum that their storage

constraint will allow are willing to save more by buying shares earning a negative rate

of return and forego the income that borrowing at a negative rate of return would

provide.
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Figure 3.4: Loan Utilization Ratio as a Function of the Interest Rate (r)

The loan utilization ratio eventually reaches 100% at an interest rate of around -3%

as fewer agents choose to save and more agents choose to borrow at such a high
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negative rate of return. As the interest rate declines further, demand for borrowing

exceeds the supply of loanable funds and the endogenous borrowing constraints must

tighten to reach an equilibrium. Eventually, at very high negative interest rates, all

agents choose to purchase only the minimum of one share and borrow as much as the

constraints will allow. At that point, the SG is no longer welfare improving as neither

saving nor borrowing can be used for consumption smoothing.

3.6 Robustness Checks

In this section, the robustness of the results of the benchmark simulations is tested

by simulating the two main measures of welfare, the CEV and the FV, under a range

of alternative calibration values for the parameters whose value is the most uncertain

and that are expected to be the most likely to affect the estimates. These include the

discount rate β, the coefficient of relative risk aversion γ, the income shock parameters

ρ and σ, and the storage constraint s̄.

3.6.1 Discount Rate β

Figure 3.5 illustrates how the CEV and the FV vary across values of the monthly

discount rate β ranging from 0.9 to 0.99. The CEV decreases while the FV increases

with β. This is caused by heterogeneity across the income-state distribution in the

timing of the benefits of SGs as well as in how the two measures of welfare reflect

such benefits.

The timing of payoffs varies widely across the income-state distribution:

• Agents in bad states benefit immediately from the ability to borrow
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Figure 3.5: CEV and FV at a range of values of β

• Agents in good states benefit in the future from earning a rate of return on

their savings

As β rises, agents become more patient making the:

• immediate payoffs of agents in bad states relatively less valuable =⇒ ↓ CEV

• future payoffs of agents in good states relatively more valuable =⇒ ↑ FV

3.6.2 Coefficient of Relative Risk Aversion γ

Figure 3.6 illustrates how the CEV and the FV vary across values of the monthly

discount rate γ ranging from 1 to 1.8. Both the CEV and the FV are increasing in

γ. This is intuitive as the consumption smoothing benefits of SGs are more valuable
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to more risk averse agents.
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Figure 3.6: CEV and FV at a range of values of γ

3.6.3 Income Shock Parameters ρ and σ

Figures 3.7 and 3.8 illustrate how the FV and the CEV respectively vary across values

of the wage process persistence ρ ranging from 0.85 to 0.95 and the standard deviation

of wage shocks σ ranging from 0.31 to 0.41.

The FV is increasing in both ρ and σ. This is intuitive; as the income shocks become

stronger and more persistent, the consumption smoothing benefits of SGs become

more valuable.

The CEV is increasing in σ but decreasing in ρ. This is more suprising but can be
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Figure 3.7: FV at a range of values of ρ and σ

easibly explained from how the CEV weighs the benefit to agents across the income-

state distribution. As explained above, the CEV more heavily weighs agents in low-

income states. For those agents, SGs become less valuable as the persistence of

income shocks increases because of the tight restrictions on borrowing. The ability the

borrow is initially valuable to smooth out shocks, but the value drops quickly as the

persistence of income shocks increases. The high persistence may result in situations

in which agents remain stuck in low-income states near the borrowing constraint

with accumulated debt that they must now service. Even if the probability of such

a scenario is low, the high marginal utility of income of agents in low-income states

magnify the impact of this scenario in the CEV.
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Figure 3.8: CEV at a range of values of ρ and σ

3.6.4 Storage Constraint S̄

Figure 3.9 illustrates how the CEV and the FV vary across values of the storage

constraint S̄ ranging from US$20 to US$80. As expected, both the CEV and the

FV are generally decreasing with S̄. This captures the decreasing marginal value of

loosening the overall savings constraint (storage + SG equity). At higher values of

the storage constraint, agents are less likely to be constrained and benefit from using

the SG to increase their overall savings.

Surprisingly, the FV is increasing over the very low end of the range of values of S̄

up to around S̄ = US$30 where it peaks and begins following the decreasing pattern.

This is caused by the key role that storage plays in allowing agents to maintain a
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Figure 3.9: CEV and FV at a range of values of S̄

high level of savings over the whole SG cycle. As the storage constraint diminishes,

the agents’ ability to store their share-out equity when the SG re-cycles drops, which

makes it optimal to save less overall and reduces the value of the SG. The CEV does

not capture this effect as it is overwhelmed by the benefits to agents in low-income

states for whom the ability to borrow is more valuable when the savings constraint is

lower.

3.6.5 Insights from Robustness Checks

The estimates of the CEV and the FV are found to vary quite significantly with

different values of the calibrated parameters. The choice of parameters generally do

not change the overall picture of the value that SGs provide to financially excluded
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populations, but they may change the magnitude of the estimates of welfare enough to

shift the balance between costs and benefits and lead to different investment decisions

by NGOs. Given the high sustainability of SGs and the low implementation costs of

the intervention, the current model of SG is likely to be cost-effective at most other

realistic calibration choices. NGOs may, however, want to pay close attention to their

calibration choices in situations in which costs are significantly higher.

3.7 Conclusion

The benchmark measure of welfare in models with incomplete markets, the consump-

tion equivalent variation (CEV), was compared against the financial value (FV), a

measure of welfare constructed specifically to assess the monetary value of the con-

sumption smoothing benefit of SGs on agents in each possible state in the state

density. The FV values the intervention by comparing it against an intervention that

provides a cash transfer that is tailored to the agent’s current state. Overall, the

FV was found to more accurately capture the effects of the intervention across the

state density by perfectly equalizing the welfare of agents in each state rather than

equalizing average welfare like the CEV.

Alternative FV measures were constructed with varying assumptions around state

variable contingency—whether the cash transfer can depend on some or all state

variables—and welfare averaging—whether welfare is equalized perfectly for agents

in each potential state or on average across the state density. The magnitude of the

various FV measures were compared against one another by identifying instances of

model nesting.10 Overall, the FV estimates were found to be weakly decreasing in

10The FV minimization problem is nested in another when it can be rewritten as the other with
additional constraints
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state variable contingency and in welfare averaging.

The benefits of the SG intervention were then valued using both measures of welfare

in the theoretical SG model from chapter 2 using the same calibration from Uganda.

The CEV was estimated at 1.38% of the consumption of all agents and the FV at

an average of US$2.76 per month. Given the SG’s long expected lifespan (Anyango

et al., 2007; Gash and Odell, 2013; Valley Research Group and Mayoux, 2008) and low

implementation costs of approximately US$20-30 per member (Karlan et al., 2017;

Beaman et al., 2014), the SG intervention was found to be cost effective in areas

where a large share of the population is financially excluded ex-ante.

We then considered how SGs could optimize their choice of the interest rate on bor-

rowing to improve welfare. The optimal interest rate was found to depend heavily

on the choice of the welfare measure, with the CEV peaking at 2.46% at an interest

rate of -9.5% and the FV peaking at US$2.77 at an interest rate of 4%. This large

difference in the optimal interest rate implied by the two welfare measures is caused

by the CEV’s full welfare averaging, which makes it optimal to use the SG as a mech-

anism to transfer wealth from agents in high-income states to those in low-income

states.

Ultimately, the optimal interest rate depends on the NGO’s welfare objectives and if

the NGO can supplement the SG with additional cash transfers. If the NGO can use

a state-contingent cash transfer to achieve its welfare objectives, then the interest rate

of 4% determined by the FV is the optimal interest rate. Otherwise, if for example

the NGO places a greater weight on agents in low-income states, it may wish to

implement a lower interest rate than the optimal 4%. Near 0% for example, the
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benefits to agents in low-income states can be increased significantly without overly

reducing the benefits to agents in high-income states, and without using the SG as a

mechanism for redistributing wealth.
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Chapter 4

Savings Group Design

4.1 Introduction

In this chapter, we consider two alternative designs of SGs to the benchmark the-

oretical model developed in chapter 2 and use the measures of welfare discussed in

chapter 3 to evaluate their performance relative to the benchmark. We answer two

research questions about the design of SGs and how it can be improved:

• How can the design of savings groups be improved?

• How much does each alternative design improve welfare?

The structural model of SGs developed in chapter 2 reproduces the real-life operation

of SGs very closely, making it possible to tweak each of its design features to better

understand the adverse incentives they introduce and pinpoint alternative SG designs

that can best address those issues. We consider two alternative designs (AD) that

mitigate or eliminate some of the most significant distortionary features shown in

table 2.2:
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• AD1: mitigates the distortions imposed by feature 1 by letting agents repay

their loans using share-out equity

• AD2: eliminates all five main distortionary features with a new model of SG

that operates continously with no share-out cycle

The first, AD1, presented in section 4.2 (Alternative Design #1: Repaying

Loans with Share-Out Income), mitigates the distortions imposed by feature

1—mandatory repayment of loans at share-out before the distribution of equity—by

relaxing the cash-flow constraint in the share-out period to allow the repayment of

loans using share-out equity. The second (AD2), in section 4.3 (Alternative Design

#2: Continuous Savings Group with no Share-Out Cycle), eliminates all five

main distortionary features—mandatory repayment of loans at share-out before the

distribution of equity, proscription of share selling before share-out, limits on share

purchasing, mandatory purchase of at least one share in all periods, unique per share

share-out price regardless of purchase timing—with a new model of SG that operates

continously with no share-out cycle.

In AD1, the model retains most of the features of VLSA-type SGs but facilitates

borrowing across SG cycles by allowing the repayment of loans in the share-out period

using share-out equity. This loosens the cash-flow constraint of SG members compared

to the benchmark in which mandatory loan repayment occurs before the distribution

of share-out equity. It effectively lets agents borrow against their share-out equity,

which improves the agents ability to smooth consumption over time.

Doing so, however, requires improving the accounting capacity of SGs through further

training to make it possible for groups to compute the value of their aggregate equity
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before all loans are repaid. Groups could then require repayment of borrowing in

excess of share-out equity, and finally distribute share-out equity net of outstanding

borrowing. If building this accounting capacity cannot be achieved in areas with

low financial literacy, technological innovations such as a mobile application that

performs the share-out calculations could be developed to make this possible. With

an average of 82% smartphone penetration in the developing world, more than the

80% measured in developed countries (Wigginton et al., 2017), access to a smartphone

is not expected to be a significant barrier to the proposed innovations.

Overall, loosening the cash-flow constraint by allowing members to repay their loans

using their share-out equity in the share-out meeting would substantially increase the

welfare of agents in low-income states. The CEV increases from 1.38% (BK) to 1.76%

(AD1) of consumption, while the FV increases by over 10%, from US$2.76 (BK) to

US$3.04 (AD1) per member per month. The change is also found to smooth out

aggregate borrowing over the group’s cycle by letting agents smooth their share-out

income both forward and backward.

In AD2, the design of SGs is further improved by eliminating the share-out cycle

entirely. In this model, every period is identical. Agents can save, withdraw their

equity, or borrow in any period. The ability to withdraw equity without requiring

that outstanding loans be repaid in full makes it necessary to keep track of the

value of the group’s total equity through either a varying share price or adjustments

to the number of shares outstanding (i.e. a share dividend). Theoretically, this is

achieved by assuming that agents sell all their shares every period at the new price

and buy new shares at the calibrated share price. On the ground, this requires

significant improvements in the accounting capacity of SGs, which could be achieved



4.2. ALTERNATIVE DESIGN #1: REPAYING LOANS WITH
SHARE-OUT INCOME 104

through further training or more likely through technological innovation, such as the

development of a SG management mobile application. The mobile application could

track the value of the equity and update the number of shares held by each member

(i.e. a share dividend) while allowing for fractional shares. This would let the SG

keep its fixed calibrated share price, preventing the price from drifting up over time,

which would otherwise require recurring share splits.

Overall, this improvement in the design of SGs is found to increase the CEV from

1.38% (BK) to 3.86% (AD2) of consumption. Similarly, the FV increases by nearly

145%, from US$2.76 (BK) to US$6.75 (AD2) per member per month. This is driven

by a number of improvements in the agents’ ability to save and borrow arising from the

elimination of the suboptimal cyclical incentives created by the share-out cycle.

4.2 Alternative Design #1: Repaying Loans with Share-Out Income

4.2.1 Model

A key distortionary feature of VSLA-type SGs is the mandatory repayment of loans at

share-out before the distribution of equity, i.e. feature 1 from table 2.2. Loans cannot

be carried through to the next SG cycle because of the order in which events occur

in the share-out and re-cycling period (period 1). As shown in table 2.3, the order in

which events occur prevents the use of share-out equity for loan repayment:

• Share-Out

– Step 3 - Loan Repayment (mandatory)

– Step 5 - Equity Distribution
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• Re-Cycling

– Step 6 - Share Purchasing

– Step 8 - Loan Taking

A cash-flow constraint is used in the benchmark model, i.e. equation (2.26), to capture

the frictions imposed by the order of events:

b(1 + r) ≤ wez + s (4.1)

This cash-flow constraint ensures that agents have enough cash to repay their loan

first, i.e. using their income and storage. They cannot use the share-out income

from the current cycle or borrow in the next cycle to repay what they have borrowed.

Another constraint imposed by the order of events is that their share-out income and

what is left over from their income and storage after repaying their loan must be large

enough to pay for the shares they choose to purchase in the new cycle of the SG. This

is not modeled explicitly as the constraint is never binding. Their share-out income

alone is sufficient to pay for one to five shares in the new cycle.

Letting SG members use their share-out income to repay their loan is a way of mitigat-

ing the distortions caused by the share-out cycle. This would let agents in low-income

states borrow against the equity that they are accumulating in the SG so that they

are not forced to save large amounts when they should instead be borrowing against

the future to smooth consumption.

In practice, this could be implemented in current VSLA-type SGs by tweaking the

accounting methods so that the share-out equity could be paid out net of the money
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owed. First, the group’s total equity would be calculated by summing the group’s

reserve and the total money owed on outstanding loans. The per share equity share-

out payoff (π in the model) would then be calculated by dividing total equity by total

shares outstanding. Members who owe more than their share-out payoff would then

be required to pay the difference. Finally, the share-out equity net of outstanding

loans would be payed out. Share-out and re-cycling would now follow this order of

event where steps 3 to 5 change relative to the benchmark case from table 2.3:

Share-Out Re-Cycling

• Step 1 - Opening the Meeting

• Step 2 - Daily Savings

• Step 3 - Computation of Total Equity
and Per-Share Equity

• Step 4 - Loan Repayment in Excess of
Share-Out Payoff (mandatory)

• Step 5 - Equity Distribution Net of
Outstanding Loans

• Step 6 - Share Purchasing

• Step 7 - Calculating Loan Fund

• Step 8 - Loan Taking

• Step 9 - The Social Fund

• Step 10 - Totaling Balances

• Step 11 - Closing the Meeting

Table 4.1: Share-Out and Re-Cycling SG Meeting Agenda (AD1)

With this change in share-out, it is now necessary to impose the constraint on share

purchasing to ensure that the agent has enough money left over after repaying loans

with share-out equity to buy the desired number of shares. Since no other money

is made available between share-out and share purchasing, it is possible to combine

the two constraints into a single cash-flow constraint that captures all of the tweaks

described above:

b(1 + r) + pa′ ≤ wez + s+ πa (4.2)
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The household problem in the share-out and re-cycling period (period 1) hence be-

comes:

V SG
1 (z, s, b, a) = max

c,s′,b′,a′
u(c) + βE

[
V SG

2 (z′, s′, b′, a′)
]

(4.3)

s.t. c+ s′ − b′ + pa′ = wez + s− b(1 + r) + πa (4.4)

z′ = ρz + ε′ where ε ∼ N(0, σ2) (4.5)

b(1 + r) + pa′ ≤ wez + s+ πa (4.6)

0 ≤ s′ ≤ s̄ (4.7)

0 ≤ b′ ≤ b̄ (4.8)

a′ ∈ {1, 2, 3, 4, 5} (4.9)

4.2.2 Definition of the Equilibrium

The definition of the equilibrium for this model is the same as the benchmark one

from section 2.3. The only difference is the cycle-out cash-flow constraint, which is

shown in equation (4.6) in the household problem described above.

4.2.3 Computational Methods

The SG model is solved in the same way as the benchmark model in chapter 2. Only

small changes were made to the constraints relative to benchmark, which do not affect

the algorithm needed to solve the model.

The model is solved in Fortran using OpenMPI for parallelization.
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4.2.4 Findings

Figure 4.1 illustrates the change in welfare from autarky to a SG when members

are allowed to repay their loans using their share-out equity in the share-out and re-

cycling period (right) and compares it against the benchmark case (left) from figure

2.2.

It is immediately clear that agents in all states are made better off when loosening the

constraint. Perhaps the most interesting difference is that the change in the welfare

of agents in low-income states is now larger than the change in the welfare of agents

in both mid- and high-income states across almost the entire range of amount stored.

The only exception is near the storage constraint where agents in low-income states

are not overly concerned with borrowing and agents in high-income states benefit a

lot from earning a rate of return. When taking into consideration the state density,

agents in low-income states are by far the ones with the largest gain in welfare as most

of the mass of agents in low-income states clusters at or just above zero storage.

The CEV estimate of the welfare value of a SG relative to autarky under this alterna-

tive design increases from 1.38% of consumption in the benchmark to approximately

1.76% of consumption. This measure of the change in welfare from a SG that allows

the repayment of loans using share-out income relative to autarky therefore estimates

that the SG is equivalent to increasing the consumption of all agents by 1.76%.
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Figure 4.1: ∆ in Welfare for BK (left) and AD1 (right) Relative to Autarky by Income State and Amount Stored
with State Density (Autarky)
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Using the approach to deriving the FV described in chapter 3, we find that a SG

where loans can be payed off using share-out equity provides an average value of

US$3.04 per member per month, which is US$0.28 or just over 10% higher than in

the benchmark case. Discounting this monthly US$0.28 at the World Bank’s annual

discount rate of 10% yields a net present value of US$8.73 if the group survives for 3

years, US$13.31 for 5 years, and US$21.58 for 10 years.

This additional benefit per member can be incorporated into a cost-benefit analy-

sis (CBA) to estimate the feasibility of adjusting the VSLA framework to allow for

repayment of loans with share-out equity. The benefit is substantial given that tech-

nological innovations may not be needed; changes to the training provided by NGOs

may be sufficient.

Table 4.2 breaks down the average FV by income state. Contrarily to the ones for

the benchmark model shown in table 3.2, they are all positive. The cash transfer

for agents in low-income states went from US$-0.01 to US$0.69. In the benchmark,

the restriction requiring the purchase of at least one share per meeting outweighs the

ability to borrow and makes the intervention equivalent to a negative cash transfer. In

this model, allowing repayment of loans using share-out equity loosens the constraints

on borrowing enough to outweigh the restrictions on minimum share purchasing and

makes the cash transfer that is equivalent to the intervention positive and quite

significant.

Income State Average Financial Value

Low Income US$0.69

Mid Income US$0.10

High Income US$11.27

Table 4.2: Average Financial Value per Member per Month by Income State (AD1)
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The cash transfer for agents in high-income states increased from US$10.90 to US$11.27.

They benefit greatly from the intervention, as we have seen in figure 4.1. The increase

relative to the benchmark SG model comes mostly from the rise in the rate of return.

Although their equivalent cash transfer seems much higher than the one for agents in

low-income states, this is simply due to the decreasing marginal utility of wealth as

agents in low-income states benefit the most in welfare terms.

Figure 4.2 illustrates the cash transfer by income state across the full range of amount

stored (right) and compares it against the benchmark case (left) from figure 3.1. The

most significant change relative to the benchmark case is that the cash transfer for

agents in low-income states has shifted up across the whole range of amount stored.

It nearly reaches US$1 at zero storage, which is where over 70% of the mass of low-

income agents lies.

Figure 4.3 illustrates the aggregate dynamics for this SG where members are allowed

to repay their loans using their share-out equity (right) and compares it against the

benchmark case (left) from figure 2.3. The most striking difference is borrowing,

which begins much higher and while still sloping up, is more stable over the cycle.

The slope up can be explained by the requirement to buy shares; members in a bad

state that are already borrowing to smooth their consumption borrow further to fulfill

the one share buying requirement.

Beyond the money borrowed for share buying and the interesting spike in period

12, borrowing is essentially flat throughout the cycle as the large payoff received

from share-out equity in the first period can now be smoothed back in time through

borrowing and, as before, forward through storage.
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by Period in the Savings Group Cycle (j)
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Consistent with those results, storage is lower in the first period, as agents in low-

income states have now spent more of their share-out equity by the time they receive

it through borrowing in previous periods.

The sudden spike in borrowing in period 12 is caused by an arbitrage opportunity

that arises as a result of the unique per share share-out price regardless of purchase

timing, i.e. the 5th distortionary feature from table 2.2. As explained in chapter 2,

the effective return on money invested in the SG grows over time such that the return

on shares purchased in the last meeting is several times higher than the return on

shares purchased in the first meeting of the cycle. In this case, the equilibrium price

is π∗ = 1.9257, which yields a fixed return of 5.35% and an annualized rate of return

that ranges from 5.35% (for money invested in the first period) to 86.82% (for money

invested in the last period).

The spike in borrowing arises because when money is borrowed for only one period,

the fixed rate of return of 5.35% exceeds the cost of borrowing, which is calibrated at

3% per month. This opens up an arbitrage opportunity where agents have an incentive

to borrow to buy as many shares as they can to earn a guaranteed profit. With all

agents responding somewhat symmetrically (subject to their respective constraints),

the rush to buy shares even with borrowed money in the last period drives down the

equilibrium return π. The constraint limiting share buying to a maximum of 5 shares

prevents π from dropping all the way down to p× 1.03.

The distributional effects associated with these distortionary incentives are not as

clear as in the benchmark case where borrowing to invest was not a profitable un-

dertaking as only agents with high storage rushed to buy shares in that situation. In
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this case, everyone will borrow until they have bought the maximum of five shares or

they reach their borrowing limit. Indeed, we find that the amount saved in the last

period increases on average to US$7.93, which is equivalent to 4.34 shares. Nearly

20% of agents are at their borrowing limit in that period, or close enough to the limit

that their additional borrowing room is insufficient to buy an additional share. This

explains why average savings do not reach 5 shares in that period. These constrained

agents are the ones most likely to lose as they cannot fully partake in this arbitrage

opportunity, but their return on the shares that they have purchased over the SG

cycle declines.

The aggregate dynamics broken up across the low-, mid-, and high-income states

for BK (left) and AD#1 (right) are shown in figures 4.4, 4.5 and 4.6 respectively.

Contrarily to the benchmark case, agents in low-income states borrow more on average

than they have accumulated in equity throughout the whole cycle. This is made

possible by the loosening of their cycle-out cash-flow constraint. Storage and “equity

- borrowing” are nearly symmetric across the x-axis and both converge to zero over

the cycle. This illustrates their response to their improved ability to borrow from

SG equity late in the cycle. Since they are no longer required to repay loans before

receiving their share-out payoff, they choose to borrow the full value of their equity

in the last period before share-out. The small amount of storage that they hold early

in the cycle is intended to finance the minimum required share purchases over the

cycle. They borrow against this storage, which explains the near-symmetric shape of

storage and “equity - borrowing”.
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Figure 4.4: Average Equity, Savings, Reserve, Borrowing and Storage per Low-Income Member for BK (left) and
AD1 (right) by Period in the Savings Group Cycle (j)
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Figure 4.5: Average Equity, Savings, Reserve, Borrowing and Storage per Mid-Income Member for BK (left) and
AD1 (right) by Period in the Savings Group Cycle (j)
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Figure 4.6: Average Equity, Savings, Reserve, Borrowing and Storage per High-Income Member for BK (left) and
AD1 (right) by Period in the Savings Group Cycle (j)
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Agents in mid-income states behave in essentially the same way that they do in

the benchmark except in the last period where they borrow to invest and consume.

Borrowing to invest is profitable in the last period because the return on one share

exceeds the one period cost of borrowing. This is not unique to this SG design; it

could also occur in the benchmark with a different calibration. Since this design

facilitates borrowing, it increases the return on shares and makes this scenario more

likely to occur.

Agents in high-income states also behave in a similar fashion to the benchmark, except

in the last period where they also borrow to invest and consume. The effect is much

more muted than for mid-income agents, as most of them are already purchasing the

maximum number of shares that they are allowed to purchase.

4.3 Alternative Design #2: Continuous Savings Group with no Share-

Out Cycle

4.3.1 Model

A more radical change to the design of SGs than simply allowing the repayment of

loans using share-out income is the elimination of the share-out cycle. The SG would

operate continuously and members would be able to save, borrow and withdraw their

equity in any period. This would eliminate the five distortionary features of VSLA-

type SGs presented in table 2.2, all of which are by-product of the share-out cycle.

Membership in the SG would be tied to meeting attendance rather than a minimum

level of share ownership. Meetings could proceed thusly:
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• Step 1 - Opening the Meeting

• Step 2 - Daily Savings

• Step 3 - Loan Repayment

– Minimum payment:

max{bt(1 + r)− b̄, 0}

• Step 4 - Share Purchasing

• Step 5 - Share Selling

• Step 6 - Loan Taking

• Step 7 - The Social Fund

• Step 8 - Totaling Balances

• Step 9 - Closing the Meeting

Table 4.3: SG Meeting Agenda (AD2)

The steps being modeled are steps 3 to 6. Loan repayment occurs first. Members can

choose to voluntarily repay their loans, but are forced to repay the largest of zero or the

minimum value that ensures that the accrued interest is not pushing their borrowing

over the exogenous borrowing limit. Share purchasing comes next to increase the

equity available for share selling and loan taking. Unlike in the benchmark, current

members are not required to purchase shares every meeting.

Share selling follows. It precedes loan taking to ensure that equity owners get a

chance to withdraw their equity before the money is loaned out. It is possible that,

in some states, there will not be enough money available to fulfill the demand from

equity owners wanting to liquidate their shares. This may occur because some of

the group’s total equity was already lent out in previous periods and not yet repaid.

When that happens, an endogenous constraint on share selling ϕ limits the number

of shares that each member can sell.

Loan taking is the final step. This lets members borrow from the money available

after members have sold their shares. As in the benchmark, any excess demand for

borrowing is resolved through the endogenous borrowing constraint φ.
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In this environment, the agents’ maximization problem is:

V SG(z, s, b, a) = max
c,s′,b′,a′

u(c) + βE
[
V SG(z′, s′, b′, a′)

]
(4.10)

s.t. c+ s′ −min{b′,max{φ, b(1 + r)}}

+ max{pa′ − πa,−ϕ}

= wez + s− b(1 + r) (4.11)

z′ = ρz + ε′ where ε ∼ N(0, σ2) (4.12)

b(1 + r)− b̄ ≤ wez + s (4.13)

0 ≤ s′ ≤ s̄ (4.14)

0 ≤ b′ ≤ b̄ (4.15)

0 ≤ a′ ≤ ā (4.16)

There are three prices determined in equilibrium: π, φ, and ϕ. As in the benchmark,

π is the return on the agent’s savings and φ is an endogenous borrowing constraint

that binds when demand for borrowing exceeds the available equity. As described

above, the price ϕ is new to this design. It is an endogenous equity withdrawal

constraint that binds when the demand for equity withdrawal exceeds the available

equity. This constraint is necessary because of the elimination of the share-out cycle.

Borrowers are no longer required to repay their loans in any specific meeting and

so the net equity available for equity withdrawal or further lending may not meet

demand.
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4.3.2 Definition of the Equilibrium

A stationary recursive competitive equilibrium for this savings group model is house-

hold decision rules c(z, s, b, a), s′(z, s, b, a), b′(z, s, b, a), a′(z, s, b, a) and associated

value function V (z, s, b, a), prices π, φ, and ϕ and stationary measure λ such that:

1. Given the prices π, φ, and ϕ, the household’s policy functions c(z, s, b, a),

s′(z, s, b, a), b′(z, s, b, a) and a′(z, s, b, a) solve the household problem and V (z, s, b, a)

is the associated value function.

2. The borrowing market clears:

∫
Z×S×B×A

min{b′(z, s, b, a),max{φ, b(1 + r)}}dλ ≤

p

∫
Z×S×B×A

a′(z, s, b, a)dλ (4.17)

Equation (4.17) holds with equality if φ is binding.

3. The equity market clears:

(π − p)
∫
Z×S×B×A

a′(z, s, b, a)dλ =

r

∫
Z×S×B×A

min{b′(z, s, b, a),max{φ, b(1 + r)}}dλ (4.18)∫
Z×S×B×A

min{b′(z, s, b, a), b(1 + r)}dλ ≤∫
Z×S×B×A

max{pa′(z, s, b, a), πa− ϕ}dλ (4.19)

Equation (4.19) holds with equality if ϕ is binding.
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4. For every Z × S × B ×A, the stationary measures λ satisfy:

λ(Z × S × B ×A) =

∫
Z×S×B×A

Q((z, s, b, a),Z × S × B ×A)dλ (4.20)

4.3.3 Computational Methods

Solving the continuous SG model is analoguous to solving the benchmark model as

described in chapter 2. There are small differences since the model has no cycle.

In that sense, it is more similar to an Aiyagari model while the benchmark model

borrows more features from life-cycle models. Generally, solving is simpler than in the

benchmark case, since endogenous constraints are much less likely to bind (agents can

save more easily so equity is higher). There are, however, two endogenous constraints

that may bind—φ and ϕ—but ϕ cannot bind in the steady-state. The constraint

on borrowing φ is always tigthened before the constraint on equity withdrawal ϕ

since equity owners have priority over borrowers—equity withdrawal occurs before

borrowing in SG meetings. In a steady-state where periods are identical, φ does not

vary across period and so it is always possible to tighten φ further to ensure the equity

and borrowing markets clear without having to resort to tightening ϕ. The following

steps hence describe the approach needed to solve for the steady-state equilibrium

while abstracting from ϕ1:

1. Guess the prices π and φ; assume ϕ =∞

2. Solve the agent’s problem using value function iteration taking prices as given

and obtain the household decision rules c(z, s, b, a), s′(z, s, b, a), b′(z, s, b, a) and

1The steps needed to solve the model would need to be extended to allow for a binding ϕ when
solving for transitionary dynamics and out-of-steady-state scenarios.
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a′(z, s, b, a)

3. Compute the state density by simulating the behaviour of agents using the

household decision rules until the steady-state is reached

4. Compute prices using the state density and the market clearing conditions

5. Update prices and go back to step 2 until prices have converged

The equilibrium is reached once prices have converged. The prices π and φ can

be updated as in the benchmark case described in chapter 2. As explained above,

ϕ =∞ will always satisfy equation (4.19) once the other prices have converged since

aggregate borrowing and equity are constant in the steady-state.

The model is solved in Fortran using OpenMPI for parallelization.

4.3.4 Findings

Figure 4.7 illustrates the change in welfare from autarky to a SG when the SG operates

continuously with no share-out cycle (right) and compares it against the benchmark

and AD # 1 cases (left) from figures 2.2 and 4.1. Agents of every type are made

better off.

The pattern observed is consistent with the one from figure 4.1 for the SG that allows

repayment using share-out equity, with agents in low-income states benefiting the

most from this design. This is especially the case near zero storage where most of the

agents in low-income states tend to cluster. Agents in mid- and high-income states

are also both made better off throughout the storage distribution.
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Figure 4.7: ∆ in Welfare for BK and AD1 (left) and AD2 (right) Relative to Autarky by Income State and Amount
Stored with State Density (Autarky)
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Agents in all income states benefit from the increased flexibility granted by the con-

tinuous SG design with no share-out cycle. Borrowing is facilitated by the loosening

of repayment requirements, which greatly constrained borrowing in late periods of

the share-out cycle. Saving is facilitated by the elimination of the constraint on share

purchasing, and the ability to draw from those savings at any time lets agents invest

the precautionary savings that they would otherwise hold in storage.

The CEV estimate of the welfare value of a SG relative to autarky under this alter-

native design increases from 1.38% (BK) and 1.76% (AD1) to approximately 3.86%

(AD2). This measure of the change in welfare from a continuous SG with no share-out

cycle relative to autarky therefore estimates that the SG is equivalent to increasing

the consumption of all agents by 3.86%.

Using the approach to deriving the FV of the SG intervention described in chapter

3, we find that a continuous SG with no share-out cycle provides an average FV of

US$6.75 per member per month, which is US$3.99 or nearly 145% higher than the

benchmark. Discounting this monthly value of US$3.99 at the World Bank’s annual

discount rate of 10% yields a net present value of US$124.43 if the group survives for

3 years, US$189.68 for 5 years, and US$307.45 for 10 years.

This additional benefit per member can be incorporated into a CBA to estimate the

financial feasibility of investing in developing the technological innovations needed to

make continuous SGs with no share-out cycle possible. While the cost of developing

this technology is certainly non-negligible, the benefit is likely to be in the hundreds

of millions of US$ given that the technology could be provided to the hundreds of

thousands of VSLA-type SGs already operating around the world.
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Table 4.4 breaks down the average FV by income state. Contrarily to the ones for

the benchmark model shown in table 3.2, they are all positive. The cash transfer for

agents in low-income states increased from US$-0.01 to US$1.51. In the benchmark,

the restriction requiring the purchase of at least one share per meeting outweighs the

ability to borrow and makes the intervention equivalent to a negative cash transfer. In

this model of SGs, agents can buy and sell shares freely, and borrow as needed, which

is equivalent to a fairly significant positive cash transfer relative to income.

Income State Average Financial Value

Low Income US$1.51

Mid Income US$0.12

High Income US$25.26

Table 4.4: Average Financial Value per Member per Month by Income State (AD2)

The equivalent cash transfer for agents in mid-income states remains low, increasing

from US$0.06 to US$0.12. They benefit very little in the short-term from either the

ability to borrow or invest. Most of their welfare gains come in expectation from their

probability of transitioning to low- or high-income states. This is already reflected in

the equivalent cash transfers of those states.

Finally, the equivalent cash transfer for agents in high-income states jumps from

US$10.90 to US$25.26. This is driven by the loosening of the savings constraint

that this model brings forth. Agents are now allowed to hold as many shares in the

SG in any period as they could in the last period, period 12, of the benchmark SG

cycle.
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While the average FV of the SG for agents in high-income states seems large relative

to the one for agents in low-income states, the large difference between the two values

is to a large extent the result of the difference in the marginal utility of income of

agents in low- and high-income states.

Figure 4.8 illustrates the cash transfer by income state across the full range of amount

stored (right) and compares it against the benchmark case (left) from figure 3.1. The

equivalent cash transfer has increased across the whole range of amount stored for

agents in all income states. The elimination of the share purchasing requirements

makes the equivalent cash transfer non-negative across the state density.

1 2 3 4 5 6 7 8 9 10 11 12

Period in the Savings Group Cycle (j) (BK)

0

10

20

30

40

50

60

A
ve

ra
ge

 E
qu

ity
, S

av
in

gs
, R

es
er

ve
 a

nd
 B

or
ro

w
in

g 
pe

r 
M

em
be

r 
($

)

Equity (BK)
Equity (AD2)

Savings (BK)
Savings (AD2)

Reserve (BK)
Reserve (AD2)

Borrowing (BK)
Borrowing (AD2)

Storage(BK)
Storage (AD2)

Figure 4.9: Average Equity, Savings, Reserve, Borrowing and Storage per Member
for BK (light dotted lines) and AD2 (constant values) by Period in the
Savings Group Cycle (j)



4.3. ALTERNATIVE DESIGN #2: CONTINUOUS SAVINGS GROUP
WITH NO SHARE-OUT CYCLE 130

Figure 4.9 illustrates the aggregate dynamics for this continuous SG against the ones

from the benchmark SG model. In this design (AD2), the model is symmetric every

period making the steady-state aggregates constant. What is striking is that equity,

savings, reserve and borrowing all line up remarkably closely with their corresponding

values in the last period of the benchmark SG model. Storage is slightly different but

still lines up quite closely with its benchmark value in period 11. The large period

12 dip in storage in the benchmark can be explained by the strong incentive to

consume whatever is stored in expectation of the large upcoming share-out payoff, a

distortionary feature that this design eliminates.

The welfare gains of eliminating the share-out cycle are driven by the elimination of

a number of the distortionary features of VSLA-type SGs, including the five most

significant ones listed in table 2.2:

1. Mandatory repayment of loans at share-out before the distribution

of equity: In the benchmark SG model, borrowers are required to repay their

loans in full at share-out, which significantly limits the agents’ ability to borrow,

especially in periods that are late in the share-out cycle. Even when allowing

repayment of loans with share-out equity (AD1), agents cannot borrow much

more than their share-out equity and storage, as anything else must be repaid

out of their income in the share-out period. In the continuous SG model (AD2),

borrowing can be carried forward indefinitely and only accrued interest that

pushes the agent over their borrowing constraint b̄ must be repaid.

2. Proscription of share selling before share-out: In the benchmark SG
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model, equity is only withdrawn at share-out, which prevents the use of SG eq-

uity as precautionary savings. This creates an incentive to keep cash in storage

to avoid being forced to borrow (and pay the wedge between the borrowing and

lending rate) in case of a shock. Conversely, the continuous SG model allows the

withdrawal of equity at any time (although an endogenous constraint limiting

withdrawals may bind; it does not bind in this calibration), which encourages

the use of SG equity as precautionary savings.

3. Limits on share purchasing: With a strict upper limit on share purchases

(usually 5 shares per meeting), agents cannot reinvest their share-out equity in

the new SG, which prevents them from keeping their optimal level of savings

invested in equity at all times. In the continuous SG model (AD2), agents can

acquire as many shares as desired (up to the equity holding limit) in any period.

4. Mandatory purchase of at least one share in all periods: Imposing a

minimum purchase of at least 1 share per meeting forces agents in bad states to

borrow to finance the purchase of a share. The large wedge between the interest

rate on borrowing and the rate of return on equity makes this requirement costly

to the ones who are the most in need. In the continuous SG model (AD2), agents

are not required to purchase shares in any period.

5. Unique per share share-out price regardless of when the shares are

purchased: The value of a share at share-out is the same regardless of when

it was purchased during the one-year cycle in the benchmark SG model. The

annualized rate of return hence increases the later shares are purchased within
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the cycle. This creates an incentive to delay share purchasing as much as pos-

sible to keep cash in storage where it is readily accessible in case of a shock.

In contrast, the return on equity in the continuous SG model pays out every

period, providing a constant annualized rate of return and incentivizing main-

taining one’s optimal level of precautionary savings invested at all times. This

additional SG capital can then used for further lending.

The aggregate dynamics broken up across the low-, mid-, and high-income states are

shown in figures 4.10, 4.11 and 4.12 respectively. There is no cycle in this model—the

SG operates continuously—and so the aggregates are constant over the cycle when

plotting them against the benchmark SG dynamics. While average equity, savings,

reserve and borrowing in this model were all found to line up quite closely with their

period 12 benchmark values in figure 4.9, breaking up the averages by income state

makes it clear that this is only due to averaging across the state density.

The pattern for agents in mid-income states is the only one that matches the aggregate

pattern, with equity, savings, borrowing and storage lining up with the benchmark

aggregates for period 12. Conversely, agents in low-income states optimally choose

lower levels of equity and savings, and higher levels of borrowing (on average) than in

period 12 of the benchmark. Similarly, agents in high-income states optimally choose

higher levels of savings and equity than in period 12 of the benchmark. Borrowing

by agents in high-income states remains flat at zero in either case.

The aggregate dynamics for storage for agents of all types illustrate well the increased

flexibility provided by the continuous SG model. Agents in both low- and mid-income

states have near zero storage in this model, while in the benchmark model they begin
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the cycle with a significant amount in storage that they slowly invest in the SG. The

amount kept in storage by agents in low-income states in the benchmark is intended

to partially finance the required minimum purchases of shares until the end of the

cycle. In addition to the capital needed to buy shares, agents in mid-income states

begin the benchmark SG cycle with precautionary savings that they keep in storage,

capital which they can now invest in SG equity instead.

Finally, agents in high-income states also take advantage of the flexibility provided by

this continuous SG model by shifting as much of their storage into SG equity as they

can. They still hold a significant amount of storage on average, but this is driven by

the agents who have been in high-income states for a long time and therefore already

own the maximum number of shares. Overall, the continuous SG design does away
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with these distortionary features of cyclical SG models by increasing the liquidity

of SG shares, which is achieved by eliminating share purchasing requirements and

allowing withdrawal of equity in any period.

4.4 Conclusion

To better understand how the design of SGs can be improved, we considered two

alternative designs that respectively address the first and all of the main distortionary

features of VSLA-type SGs shown in table 2.2:

• AD1: standard cyclical model of SG that allows repayment of loans with share-

out income =⇒ lets agents borrow from their accumulated SG equity in late

periods

• AD2: continuous model of SG with no share-out cycle =⇒ eliminates all

distortionary features associated with the share-out cycle

The AD1 SG model retains most of the features of VLSA-type SGs but facilitates

borrowing across SG cycles by allowing the repayment of loans in the share-out pe-

riod using share-out equity. Theoretically, this is achieved by loosening the cash-flow

constraint and was found to substantially increase the welfare of agents in low-income

states. Overall, the CEV increased from 1.38% (BK) to 1.76% (AD1) of consumption,

while the FV increased by over 10%, from US$2.76 (BK) to US$3.04 (AD1) per mem-

ber per month. When disaggregating the FV across the income-state distribution, we

found that the FV for agents in low-income states increased even more significantly

from US$-0.01 (BK) to US$0.69 (AD1).

The AD2 SG model is a more significant rethinking of how SGs should operate. It
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eliminates the share-out cycle entirely, which does away with all five main distor-

tionary features of the benchmark SG model as shown in table 2.2. Agents can save,

withdraw their equity, or borrow in any period. Overall, the CEV increased from

1.38% (BK) to 3.86% (AD2) of consumption, while the FV increased by nearly 145%,

from US$2.76 (BK) to US$6.75 (AD2) per member per month. When disaggregat-

ing the FV across the income-state distribution, we found that the FV for agents in

low-income states increased even more significantly from US$-0.01 (BK) to US$1.51

(AD2).
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Chapter 5

Conclusion and Future Work

5.1 Conclusion

The World Bank (2021) considers financial inclusion to be a “key enabler to reducing

poverty and boosting prosperity”. It has been identified as an important step for

achieving 7 of the United Nations’ 17 Sustainable Development Goals (World Bank,

2021). While much progress has been achieved, with the share of the world’s popula-

tion with an account at a financial institution growing from 51% to 69% between 2011

and 2017, significant wealth and gender gaps remain (Demirgüç-Kunt et al., 2018).

Traditional banking and microfinance interventions have had some success at clos-

ing this gap, but reaching the most marginalized remains a challenge given the high

cost of those interventions and the adverse effects they may have when low financial

literacy leads to cognitive biases.

Two promising approaches are attempting to fill in this gap: mobile money and

savings group. The former uses technology to lower the cost of providing access to

financial services. While the evidence for impact in the literature is quite promising,
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it generally does little to address the gap in financial literacy. Savings group, on

the other hand, achieve cost-efficiency by shifting the management of the financial

service into the hands of the target population. This naturally builds financial lit-

eracy in a community building environment where participants can learn from one

another.

In spite of their long history—VSLA-type SGs have been developped in the 1990s,

but records of the more primitive ROSCAs go as far back as the late 17th century

(Gosden, 1961)—and their current popularity—over 13 million members have saved

over US$325M in nearly 600,000 VSLA-type SGs who regurlarly report data on the

SAVIX online database (Savings Group Information Exchange, n.d.b)—there are very

few theoretical models of SGs in the academic literature, and none that capture the

distortionary features of the modern VSLA-type SGs listed in table 2.2. This therefore

research sought to answer seven fundamental questions about VSLA-type SGs. The

first two research questions, covered in chapter 2 (Theoretical Model of Savings

Groups):

• How can savings groups be represented in a tractable economic model?

• What are the distortionary features of the current VSLA-type savings groups

and how do they affect the borrowing and saving decisions of agents?

To address the first question, we modeled SGs in a heterogenous agent dynamic

equilibrium model with storage and idiosyncratic income shocks similar to Bewley-

Huggett-Aiyagari models (Bewley, 1977; Huggett, 1993; Aiyagari, 1994). The model

was designed to capture the five key distortionary features introduced by the share-out

cycle shown in table 2.2 in the most parsimonious environment possible to facilitate
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interpretation of the results and to ensure computational feasibility. The model was

calibrated using data from SGs in Uganda, which were part of a randomized control

trial (Karlan et al., 2017), as well as from household expenditure surveys (Uganda

Bureau of Statistics, 2009-10, 2010-11, 2011-12).

Overall, all agents were found to be made better off by participation in a SG. The

aggregate dynamics illustrated how the agents are affected by the constraints imposed

by the design of VSLA-type SGs. In particular, the main distortionary features

were found to significantly affect the borrowing and saving behaviour of agents as

summarized in table 5.1. These prevent agents from accumulating their optimal level

of precautionary savings and easily accessing them when the need arises.

Distortionary Features of

VSLA-type SGs

Impact on Borrowing and Saving

Behaviour

Mandatory repayment of loans at

share-out before the distribution of equity
=⇒

Prevents agents from borrowing when

shocks hit in late periods

Proscription of share selling before

share-out
=⇒

Forces agents to borrow when storage runs

out even with large equity holdings

Limits on share purchasing =⇒
Prevents agents from reinvesting their

share-out equity in the new SG

Mandatory purchase of at least one share

in all periods
=⇒

Forces agents to borrow more to finance

the purchase of a share in bad states

Unique per share share-out price

regardless of purchase timing
=⇒

Incentivizes delaying share purchasing to

later periods

Table 5.1: Impact of the Main Distortionary Features of VSLA-Type SGs on the
Borrowing and Saving Behaviour of Agents

The next three research questions, covered in chapter 3 (Welfare of the Savings

Group Intervention):

• What is the appropriate measure of welfare for the savings group intervention?
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• Do the benefits of savings groups justify the costs of the intervention?

• How do those benefits vary with the choice of the interest rate on borrowing?

The benchmark measure of welfare in models with incomplete markets, the consump-

tion equivalent variation (CEV), was compared against the financial value (FV), a

measure of welfare constructed specifically to assess the monetary value of the con-

sumption smoothing benefit of SGs on agents in each possible state in the state

density. The FV values the intervention by comparing it against an intervention that

provides a cash transfer that is tailored to the agent’s current state. Overall, the

FV was found to more accurately capture the effects of the intervention across the

state density by perfectly equalizing the welfare of agents in each state rather than

equalizing average welfare like the CEV.

Alternative FV measures were constructed with varying assumptions around state

variable contingency—whether the cash transfer can depend on some or all state

variables—and welfare averaging—whether welfare is equalized perfectly for agents

in each potential state or on average across the state density. The magnitude of the

various FV measures were compared against one another by identifying instances of

model nesting (the FV minimization problem is nested in another when it can be

rewritten as the other with additional constraints). Overall, the FV estimates were

found to be weakly decreasing in state variable contingency and in welfare averag-

ing.

The benefits of the SG intervention were then valued using both measures of welfare

in the theoretical SG model from chapter 2 using the same calibration from Uganda.

The CEV was estimated at 1.38% of the consumption of all agents and the FV at
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an average of US$2.76 per month. Given the SG’s long expected lifespan (Anyango

et al., 2007; Gash and Odell, 2013; Valley Research Group and Mayoux, 2008) and low

implementation costs of approximately US$20-30 per member (Karlan et al., 2017;

Beaman et al., 2014), the SG intervention was found to be cost effective in areas

where a large share of the population is financially excluded ex-ante.

We then considered how SGs could optimize their choice of the interest rate on bor-

rowing to improve welfare. The optimal interest rate was found to depend heavily

on the choice of the welfare measure, with the CEV peaking at 2.46% at an interest

rate of -9.5% and the FV peaking at US$2.77 at an interest rate of 4%. This large

difference in the optimal interest rate implied by the two welfare measures is caused

by the CEV’s full welfare averaging, which makes it optimal to use the SG as a mech-

anism to transfer wealth from agents in high-income states to those in low-income

states.

Ultimately, the optimal interest was found to depend on the NGO’s welfare objectives

and whether the NGO can supplement the SG with additional cash transfers. If the

NGO can use a state-contingent cash transfer to achieve its welfare objectives, then

the interest rate of 4% determined by the FV is the optimal interest rate. Otherwise,

if for example the NGO places a greater weight on agents in low-income states, it may

wish to implement a lower interest rate than the optimal 4%. Near 0% for example,

the benefits to agents in low-income states can be increased significantly without

overly reducing the benefits to agents in high-income states, and without using the

SG as a mechanism for redistributing wealth.

The last two research questions, covered in chapter 4 (Savings Group Design):
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• How can the design of savings groups be improved?

• How much does each alternative design improve welfare?

To address these questions, we considered two alternative designs of SGs that respec-

tively address the first and all of the main distortionary features of VSLA-type SGs

shown in table 2.2:

• AD1: standard cyclical model of SG that allows repayment of loans with share-

out income =⇒ lets agents borrow from their accumulated SG equity in late

periods

• AD2: continuous model of SG with no share-out cycle =⇒ eliminates all

distortionary features associated with the share-out cycle

The AD1 SG model retains most of the features of VLSA-type SGs but facilitates

borrowing across SG cycles by allowing the repayment of loans in the share-out pe-

riod using share-out equity. Theoretically, this is achieved by loosening the cash-flow

constraint and was found to substantially increase the welfare of agents in low-income

states. Overall, the CEV increased from 1.38% (BK) to 1.76% (AD1) of consumption,

while the FV increased by over 10%, from US$2.76 (BK) to US$3.04 (AD1) per mem-

ber per month. When disaggregating the FV across the income-state distribution, we

found that the FV for agents in low-income states increased even more significantly

from US$-0.01 (BK) to US$0.69 (AD1).

The AD2 SG model is a more significant rethinking of how SGs should operate. It

eliminates the share-out cycle entirely, which does away with all five main distor-

tionary features of the benchmark SG model as shown in table 2.2. Agents can save,

withdraw their equity, or borrow in any period. Overall, the CEV increased from
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1.38% (BK) to 3.86% (AD2) of consumption, while the FV increased by nearly 145%,

from US$2.76 (BK) to US$6.75 (AD2) per member per month. When disaggregat-

ing the FV across the income-state distribution, we found that the FV for agents in

low-income states increased even more significantly from US$-0.01 (BK) to US$1.51

(AD2).

5.2 Future Work

The next frontier in SG research is to put these theoretical models to the test as part

of a randomized controlled trial (RCT) of a SG intervention. In collaboration with

an NGO, the intervention could be tailored to ensure that the SGs created closely

match the ones described by the benchmark (BK), and alternative designs 1 (AD1)

and 2 (AD2) models. In addition, data could be collected as part of the intervention

that would allow more accurate calibration of the various parameters to which the

estimates are the most sensitive. Finally, outcomes could also be compared at a range

of borrowing interest rate choices to determine how welfare evolves with the interest

rate across the state density and whether this patterns fits with the predictions of the

theoretical models.
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Appendix A

Equilibrium Prices, Derived Outcomes and

Findings

Table A.1 lists the equilibrium results for the benchmark (BK) SG model from chapter

2 and for the AD1 and AD2 models described in chapter 4.

Benchmark SG

Model

AD1

(section 4.2)

AD2

(section 4.3)

Equilibrium Prices

π 1.8820 1.9257 1.8356

{φj}Jj=1, φ ∞ (non-binding) ∞ (non-binding) ∞ (non-binding)

ϕ – – ∞ (non-binding)

Derived Outcomes

Rate of Return (RoR) 2.95% 5.35% 0.42%

RoR (Annualized) 2.95% - 41.80% 5.35% - 86.82% 5.13%

Loan Utilization Ratio 15.90% 29.22% 13.87%

Avg Savings/Member US$25.75 US$26.66 US$52.96

Findings

Consumption Equivalent

Variation (CEV)
1.38% 1.76% 3.86%

Financial Value (FV) US$2.76 US$3.04 US$6.75

Table A.1: Equilibrium Prices, Derived Outcomes and Findings
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