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Abstract

In this paper we build an incomplete-markets model with heterogeneous house-
holds and firms to study the aggregate effects of saving constraints and credit con-
straints in general equilibrium. We calibrate the model using survey data from
Colombia, a developing country in which informal saving and credit frictions are
pervasive. Our quantitative results suggest that reducing savings costs increases
selection into formal saving, but the effect on aggregate outcomes and welfare is
dwarfed by that of a policy which ameliorates borrowing constraints. Such a policy
improves resource allocation and increases returns to capital and labor, resulting in

higher savings and welfare gains for both households and firms.
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1 Introduction

Financial inclusion has become a priority for development economists and policy makers
around the world.! In recent years, the longstanding goal of improving access to credit has
been joined by a growing interest in the role that saving should have in a comprehensive
financial inclusion strategy.

While the literature on credit frictions is well developed and includes both empirical
and theoretical contributions, the literature on the causes and consequences of exclusion
from formal saving markets (i.e., through financial institutions) mostly comprises field
experiments in relatively small communities.” In fact, little is known about the general
equilibrium effects of saving constraints, or the ways in which they may interact with other
frictions, such as those found in credit markets. Our goal is to present a framework that
can be used to quantify these effects and to study these interactions.

In this paper, we develop a model of heterogeneous agents in which financial market
frictions distort credit and saving decisions by households and firms. In the tradition
of Aiyagari (1994) and Huggett (1993), worker-households save for precautionary reasons.
Our framework allows them to do so using either a deposit contract (formal saving) or cash
(informal saving). Saving constraints result from the fact that using the deposit contract
is costly. Entrepreneurs can access credit markets when choosing their capital input, but
face collateral requirements due to limited enforcement problems. Saving constraints lead
households to seek informal savings instruments (cash) and result in lower aggregate saving,
while credit constraints imply firm-level distortions and misallocation of capital across
producers as in Restuccia and Rogerson (2008) and Hsieh and Klenow (2009).

To discipline the model parameters, we use data from the Colombian Longitudinal Sur-
vey (henceforth ELCA), which contains income and occupational data as well as detailed
information concerning financial decisions by households. Importantly, ELCA respondents
report the extent to which they use informal saving instruments and why. We complement
this information with firm-level and other data from credit markets and macroeconomic
aggregates.

Our counterfactual exercises suggest that, in terms of macroeconomic aggregates and
welfare, the effects of reducing formal saving costs are dwarfed by the impact of alleviating

credit constraints. The intuition for this result is simple: decreasing saving constraints

! According to the Alliance for Financial Inclusion (2016), by 2015 over 35 countries had committed to
implementing or had already implemented financial inclusion strategies.

2Reference studies from the credit frictions literature are Kaplan and Zingales (1997) and Buera et al.
(2011), and from the saving constraints literature are Dupas and Robinson (2013) and Karlan et al. (2014).



primarily shifts the aggregate capital stock (by a relatively small amount), while decreasing
credit constraints lowers misallocation, which increases aggregate TFP, and thus generates
larger welfare gains and more formal savings.

More specifically, due to the fixed nature of saving costs, reducing them has little impact
on dynamic decisions. Lowering saving costs increases the fraction of savings allocated to
formal instruments, which modestly reduces consumption volatility —by about 2 percent—
of those who were already saving (the deposit contract gives them a non-zero return).
However, reducing saving constraints leaves the allocation of capital and labor unchanged,
and thus has little effect on productivity, wages or welfare.

In turn, ameliorating credit frictions, such that credit to output becomes similar to
that of the U.S., allows more productive firms to grow, increasing returns to both cap-
ital and labor. Workers welfare rises by 9.4 percent due to an increase in wages, while
entrepreneurial welfare is 8.7 percent higher. All in all, TFP and output increase by 2
percent and 10 percent, respectively, while the fraction of income captured by the two
bottom quintiles rises from 8 percent to 10 percent.

Higher returns to capital due to rellocation also induce more saving along both intensive
and extensive margins: the share of workers who save increases from 30.1 percent to 37.9
percent and the workers saving rate increases from 10.8 percent to 12.6 percent. The
fraction of workers who save informally also drops, from 38 percent to 26 percent. Higher
saving in this closed economy results in higher investment and the capital intensity rises
from 1.74 to 1.97. Moreover, in the economy with lower credit frictions only 51 percent
of that capital is financed by entrepreneurs, compared with 82 percent in the benchmark,
credit-constrained economy.

To better understand why reducing credit constraints is a much more powerful tool to
increase savings and welfare, we conduct a series of partial equilibrium simulations. We
first show that changes in saving behavior and welfare from reducing saving constraints
are small and identical under general and partial equilibrium settings. This is in sharp
contrast with a policy that ameliorates credit frictions, which brings about large welfare
gains in either setting. The main difference with the general equilibrium result, is that,
in partial equilibrium, benefits are exclusively captured by entrepreneurs. Consequently,
income distribution in this case worsens —the fraction of income captured by the two
bottom quintiles falls from 8 percent to 6.7 percent. In general equilibrium, welfare gains
are more evenly distributed. First, the interest rate adjusts to the higher credit demand,
moderating gains in output and entrepreneurial welfare, and increasing returns to saving by

workers. Second, and perhaps more importantly, workers capture some of the improvement



in resource allocation from reducing credit frictions via higher wages.

We also provide two extensions to the baseline model and discuss how the main results
change. First, we integrate into our setup the fact that lower income households appear
to face higher relative costs of using formal savings instruments. Under this framework,
reducing saving costs brings about larger increases in formal saving, but has little impact
otherwise. Second, we relax the assumption of fixed occupations, allowing for some en-
try/exit into entrepreneurial activity. Since workers can use bank deposits as collateral
for credit in the future, bettering access to credit in this setting becomes an even more
powerful tool to foster formal saving. Financial frictions are also less distortive in this case,
as agents can choose not to operate a firm under very tight credit constraints.

This paper is related to a number of recent studies addressing the interaction between
formal and informal financial markets in developing countries. For example, Wang (2019)
develops and estimates a dynamic equilibrium model of borrowing and saving decisions
that allows him to interpret Thailand’s financial reform in 2001 as one that reduced formal
borrowing interest rates, lowered costs of access to credit, and relaxed collateral constraints.
This reform in turn led to an increase in the share of households borrowing formally and
to a fall in informal interest rates. He finds that the welfare gains from these policies are
smaller than those suggested by previous studies that disregard informal saving options.

Furthermore, our paper links to two streams of the financial development literature.®
One stream has been looking into the determinants of access to and use of savings in-
struments, and their effect on economic outcomes. This literature has mainly focused
on the extensive margin and includes cross-country studies (Demirgiig-Kunt and Klapper,
2013; Rojas-Suarez and Amado, 2014) as well as country-level studies (Beck et al., 2017),
and field experiments inside villages or larger regions within a country (see Dupas and
Robinson, 2013; Kast and Pomeranz, 2014; Prina, 2015, to name a few).

Overall, this strand of the literature shows that households —particularly those in poor
regions— often save using formal or informal instruments that are costly, entail high risk,
and have limited functionality. This leads to low saving rates, with significant welfare con-
sequences: reduced consumption smoothing, low resilience to shocks, and foregone prof-
itable investment opportunities. In a survey of this literature, Karlan et al. (2014) group
constraints to saving into five categories: transaction costs, lack of trust and regulatory
barriers, information and knowledge gaps, social constraints, and behavioral biases. This

paper focuses on the first two categories, as these comprise market frictions that hinder

3For a recent survey of the financial development literature, see Fernandez and Tamayo (2017).
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the supply of savings products.

The other stream of the literature has focused on using structural equilibrium models
to quantitatively examine the impact of credit frictions on economic development. In this
class of models, financial frictions —typically in the form of collateral constraints— generate
distortions in the allocation of capital across productive units that in turn lead to aggregate
productivity losses (Buera et al., 2011; Buera and Shin, 2013; Midrigan and Xu, 2014). The
size of these losses depends critically on the underlying persistence of productivity shocks,
which determines the extent to which entrepreneurs are able to save their way out of
collateral constraints (Moll, 2014).

This class of models has successfully been used to study the impact of reducing distor-
tions in credit and factor markets in developing countries. In an influential paper, Kaboski
and Townsend (2011) study a large microfinance program in Thailand through the lens
of a structural equilibrium model of borrowing constraints, which distort the allocation
of capital. The estimated model is able to broadly reproduce the response in credit and
consumption that followed the increase in credit availability. More recently, Lagakos et al.
(2018) use a dynamic-incomplete markets model to study whether spatial (rural-urban) dis-
tortions in labor markets can explain productivity and welfare gaps in developing countries.
This literature has also cautioned against the indiscriminate use of market interventions
—such as credit subsidies in the Thailand microfinance program— that may have long-term
distortionary effects (Fulford, 2013; Antunes et al., 2015; Buera et al., 2013).

Dabla-Norris et al. (2015) analyze three types of financial frictions: participation costs,
collateral requirements, and costly monitoring. Their results suggest that the effect of
policies alleviating these frictions individually or jointly depends on country-specific char-
acteristics. Using this approach, Karpowicz (2014) finds that, for Colombia, lowering
collateral requirements promises higher growth, but that reductions in participation costs
offer a better way to reduce inequality.

Missing in the literature are studies quantifying the efficiency gains from ameliorating
distortions in the allocation of credit and savings through formal financial instruments.
Filling this void is important for at least two reasons. First, development experiments
have revealed large general equilibrium effects of relocating toward less risky saving and
production technologies (Flory, 2018; Donovan, 2018). Second, a significant determinant of
the demand for formal savings instruments is its return, which is an endogenous outcome
of the financial intermediation process, and thus, is affected by credit allocation.

The paper is organized as follows. Section 2 presents some empirical regularities per-

taining to barriers to financial inclusion and patterns of saving behavior in Colombia. The



main aspects of the model economy are described in Section 3. Section 4 presents sim-
ulations and discussion of policy scenarios. Section 5 introduces some extensions to the

baseline model. Section 6 concludes.

2 Empirical Regularities

To lay the groundwork for our quantitative model, we build a set of empirical regularities
from the Colombian economy using recently collected survey-level data on households’ sav-
ing habits, as well as firm-level data capturing access to finance. We begin by extracting a
number of stylized facts from the Colombian Longitudinal Survey (ELCA), which provides
specific information on financial inclusion and the use of financial services for saving.*
One striking feature from the ELCA data is the fact that nearly three-quarters of
respondents (73 percent) indicated that they do not set aside any fraction of their earnings
as savings (see Table 1).° This contrasts with predictions from the standard Bewley-
Huggett-Aiyagari type of models of non-zero assets holdings, and suggests that saving
frictions may be important. Another notable figure that emerges from the survey is the
fact that nearly one third of the respondents who were savers in 2013 reported saving
“mainly” outside of the financial system (i.e., they use informal financial instruments).’
It is not surprising to find that informal saving is more prevalent among the lower
income households.” The data show that the fraction of savers who do not use the formal

financial system is 3.5 times as large in the lowest four income quintiles as in the highest

4The ELCA is a household survey recently designed and implemented by the Universidad de los Andes.
Data from two waves of the survey (2010 and 2013) have been published so far, and the third wave was
rolled out in 2016. For methodological details, see Bernal et al. (2014). Our computations are based on
responses by workers from the urban module of the survey, as the rural module lacks representativeness
with regard to a number of variables of interest.

SInformation concerning savings habits is elicited from household members over 10 years of age. Each
member is asked whether he/she usually saves part of the income received, and those who respond affir-
matively are subsequently asked how much they save each month. For ELCA-based calculations in Table
1 and thereafter, we use data collected from these and other questions in the savings chapter and, in
addition, we build earnings data for each individual using the remaining chapters.

6The ELCA surveyors ask people where do they “mainly” save. Respondents are given the options of
(a) bank or financial institution, (b) cash, (c¢) employee funds, (d) saving clubs or chains, and (e) other
instruments. We assume that all savings in employee funds is channeled through the financial system.

"Notice that, while the incidence of informal saving decreases with income, this phenomenon is perva-
sive even among the highest income deciles. This is in line with evidence from Solo and Manroth (2006),
who show that the “unbanked” in Bogota —Colombia’s capital city— are not exclusively found in the lower
income segments of the population. In this regard, recent studies using ELCA data suggest that labor
formality is positively correlated with the likelihood of saving using formal financial instruments (Iregui-
Bohoérquez et al., 2018). For a model of the relationship between informality and saving behavior through
the lens of a dynamic equilibrium model, see Granda and Hamann (2015).



income quintile (59 percent compared to 17 percent). As we shall see, the relationship
between income and informal saving is most likely mediated by non-convexities in the cost

of using financial instruments (e.g., non-proportional fees), and by geographic and literacy

characteristics.
Table 1: Incidence and composition of savings (workers)
% of respondents Of those who save
do not save  save % save formally saving rate (avg)
2010 72.9% 27.1% 61.5% 16.7%
2013 73.3% 26.7% 62.2% 12.1%

Source: Authors’ calculations based on ELCA.

According to the ELCA, informal saving appears to be mostly a phenomenon associ-
ated with the high costs and low returns of using formal financial instruments for saving.
Indeed, Figure 1 (left panel) suggests that taxes, fees and other charges constitute an im-
portant motivation for such saving patterns.® However, alongside the mentioned costs, low
returns to savings also appears to be a crucial factor keeping savers from using the for-
mal financial sector. These ELCA figures are consistent with data from the World Bank’s
Global Financial Inclusion Indicators (Global Findex); according to these data, Colombia
is one of the countries in which a significant number of respondents (about 20 percent) say
they do not have an account at a financial institution because they find it too expensive.’
Given its level of development, Colombia appears to be somewhat of an outlier in this
respect (see Figure 1, right panel); concerns about formal banking expenses are higher in
Colombia than in some Latin American peers, such as Brazil, Chile, Uruguay, and Costa
Rica.’

As suggested above, the motivations for using informal savings instruments are also
closely related to income levels. Again, using data from the ELCA, Table 2 (left panel)

shows that the probability of not saving formally because of high costs or long distances

8It is worth noting that the main reason adduced for not saving in the 2013 ELCA was “too little
money”, so we concentrate on the remaining ones. Also, the questionnaire of the 2013 wave included
reasons for not saving in the financial system that were not explicitly considered in the 2010 wave and that
we grouped in Figure 1 as follows: “too costly” comprises “maintenance fees and use charges are high”
and “4 x 1000 is too expensive”; “other” includes “does not know how to”, “believes bank would refuse to
open account”, and “bank refused to open account”, among others.

9The Global Findex asks respondents if they own an account at a “bank or credit union (or another
financial institution, like a cooperative in Latin America)” (Demirgli¢-Kunt and Klapper, 2013, p. 313).

10A comprehensive volume that documents low —as well as informal- savings in Latin American is
Inter-American Development Bank (2016).



to banks decreases with income. Moreover, lack of trust in the financial system —another
major reason to save informally— has to some extent been associated with financial literacy,
which in turn is closely connected with income levels. Using data from the first nationally
representative survey on financial capability, carried out by the Central Bank of Colombia
and the World Bank in 2012, Table 2 (right panel) shows that a one-unit increase in
monthly income leads to a 0.35 increase in the probability of performing better in the

financial literacy quiz associated with the survey.'!

Figure 1: Reasons to save outside the financial system
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Source: Authors calculations based on ELCA and Global Findex.

The ELCA also makes it clear that people in Colombia save mainly for precautionary
reasons: In 2013, 30.7 percent of savers reported to have saved for unexpected expenses,
while only 15.2 percent and 15.5 percent did so for education and retirement, respectively.
These figures are consistent with those of the financial capability survey (see Reddy et al.,
2013), which finds that 35.5 percent of Colombia’s savers save for unforeseen events.

When making their saving decisions, the precautionary motive is perhaps the only one
in which returns to savings may be relatively unimportant. In this case, savers should

exhibit a preference for liquid instruments that typically offer very low returns, and that,

"' The quiz consists of five questions addressing different aspects of financial knowledge and literacy
(basic numeracy, time value of money, interest paid on a loan, calculation of principal and interest, and
compound interest rate). Based on the number of correct answers, the authors of the study build a financial
literacy index taking six possible integer values (0-5) (see the description in Reddy et al., 2013). For our
analysis, this index is regressed on (the natural logarithm of) monthly income. Specifically, a generalized
Poisson regression model for underdispersed count data is used to take into account the nature of the
dependent variable. Marginal effects are reported in the table.



in turn, render transaction costs (fees, taxes, and other charges) as the main determinant
in the choice of instrument. It is therefore not surprising that those reporting that the
financial system is “too costly” as their reason for not saving through a financial institution,
save mostly by holding cash (Figure 2, left panel), while those claiming to save informally
because the financial system offers “low returns” save relatively less in cash and more

through saving chains (or similar schemes) and other instruments (Figure 2, right panel).

Table 2: Income level and informal saving

ELCA (logit) Financial Literacy (count data)
save informally because... # of correct answers in quiz
too costly too far away either all sample urban
In(income) -0.020 -0.004 -0.027 0.353 0.323
s.€. (0.007) (0.001) (0.007) (0.032) (0.048)
Dummy 2013 -0.000 -0.007 -0.009
s.€. (0.014) (0.003) (0.014)
Constant 0.470 3.688 1.185 -0.607 -0.395
s.e. (0.748) (1.654) (0.727) (0.163) (0.227)
Observations 2,668 1,231 627

Source: Authors calculations based on ELCA and the Financial Capability Survey.

Note: Marginal effects are reported.

Figure 2: Savings instruments according to the reason to save outside the financial system
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High costs of service typically result from a combination of fixed costs of infrastructure



and a small scale of operation. One can think of these factors as the underlying reason
for the negative relationship between GDP per capita and the widely held view that the
financial system is too expensive to use. That is, more developed countries have larger
financial systems allowing providers to fully exploit economies of scale.

Low returns on savings are more difficult to rationalize in an economy in which capital
is scarce, and inflation is relatively low and predictable, as has been the case in Colombia
for the last two decades. In fact, data from the International Monetary Fund show that
real interest rates on money market instruments during the 2000-2014 period were lower in
Colombia than in Latin American peers such as Peru, Mexico, Uruguay, and Brazil. Such
low returns on savings can be explained either by costly intermediation or low returns
on investment. In this latter respect, our calculations using the methodology of Caselli
and Feyrer (2007) suggest that in recent decades the marginal productivity of aggregate
capital has been lower in Colombia than in other Latin American countries such as Mexico,
Chile, and Peru, as well as in emerging Asia.'? What can lie behind such low returns to
investment? Recent studies suggest that financial frictions distorting credit allocation
are usually associated with this phenomenon. Such frictions make capital flow toward
less profitable projects, which in turn results in aggregate productivity losses and a lower

economy-wide return to capital (see Buera et al., 2011; Midrigan and Xu, 2014).

Table 3: Firms’ financial constraints and saving patterns

Enterprise Survey (2010) Firm-level data (average 2010-2013)
Firms reporting financial constraint 41.5% Firms not saving 26.6%
Firms financing investment with debt 35.0% Saving rate (savers) 9.4%
% of investment financed by debt 21.2% Leverage (A/E) 2.46

Source: World Bank and Paez and Tamayo (2019).

One natural place to look for potential capital misallocation issues lies in indicators
of financial constraints. In this respect, data from the World Bank Enterprise Survey
(WBES) reveal that 41.5 percent of Colombian firms reported access to finance as being

a major obstacle to their operations in 2010. This places Colombia as the fourth country

12 Aggregate marginal productivity of capital (MPK) is defined as MPKgr = (1—0)a (Y/KRg) (Py/Pxr),
where P, /Pyr is the inverse of the relative price of capital obtained as the ratio of the investment deflator
to the GDP deflator using data from the World Development Indicators; 1 — 6 is the ratio of reproducible
capital to total capital (including natural resources) obtained from the World Bank database “Wealth of
Nations”; and «, Kg, and Y are the share of capital in output, reproducible capital, and GDP, respectively,
all taken from the Penn World Tables. Using data for 2005, this methodology yields an MPK of 7.6 percent
in Colombia, whereas it is 8.4 percent in a typical Latin American country, 9.3 percent in a typical country
in emerging Asia, and 11.1 percent in a typical advanced economy.
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in Latin America in which firms find themselves more credit constrained. Moreover, only
35 percent of these firms reported having funded investment by borrowing from banks (see
Table 3, left panel).

Limited access to external financing usually forces firms to accumulate net worth in
order to invest and post collateral. In Colombia, firm-level data collected by Paez and
Tamayo (2019) suggest that this is precisely the case: In a sample of 231,222 firms between
2010 and 2013, 73 percent accumulated net worth at the considerable rate of 9 percent
to 10 percent of total operating income (see Table 3, right panel).'® Another indication
that firms in Colombia may have limited access to external finance is their relatively low
leverage, as measured by the assets-to-equity ratio; the ratio for Colombian firms is 2.46,
compared to ratios of 4.5 to 5 for European firms, as recently reported by Kalemli-Ozcan
et al. (2012).

3 A Model of Credit and Saving Constraints

In this section, we develop a dynamic, heterogeneous agents, general equilibrium model
in the spirit of Aiyagari (1994), Huggett (1993) and Restuccia and Rogerson (2008). The
model features saving constraints at the household level, and credit constraints at the firm
level. Some of the noteworthy features of the model come directly from the evidence found
in the ELCA and the World Bank databases: saving in banks is costly; people save mainly
for consumption smoothing; the main alternative to bank saving is cash; and firms face
borrowing constraints.

The economy is populated by a measure N of workers and a unit measure of en-
trepreneurs. Both workers and entrepreneurs are heterogeneous with respect to their pro-

ductivity and seek to maximize lifetime utility given by

o0
Eo {Z Btu(ct)} )
t=0
where period utility is of the constant relative risk aversion form:

cl=x
ue) = {—

with x > 0, and 8 € (0,1) being the discount factor.

Y

Entrepreneurs can borrow and save with financial intermediaries, but they face a col-

13See Appendix A.1 for a brief summary of the dataset and its sources.
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lateral requirement that constrains the amount they can borrow. Workers face uninsurable
idiosyncratic labor income risk and have access to financial markets. There are two types
of financial instruments available: a one-period risk-free asset (formal) and cash (informal).
Notice that the income risk and our assumption about preferences force workers to save
for consumption smoothing. That is, more and better saving opportunities should allow
for lower consumption volatility and thus higher welfare.

Workers. Each worker is endowed with a unit of labor that is supplied inelastically.
Labor income, however, depends upon the worker’s idiosyncratic efficiency, ;, which is
random, and evolves over time according to a finite-state Markov process with transition
probabilities ¥ (', £) = Pr(e;41|e;) and ergodic distribution ¥(e).

Workers save using cash, s, or a one-period deposit contract, q. Those who engage
in deposit savings must pay a fixed cost, & = 7w, for every period they use the deposit
contract, where w is the wage and 7 > 0 is a parameter. With this fixed cost of using
“formal” financial instruments, we aim to capture the fact documented in Section 2 that a
sizable fraction of savers do not use the financial system because they find it too costly.'*
Particularly, our specification of the cost as a multiple of the wage can be thought of as
reflecting fees and commissions charged by financial institutions. These charges are often
intended to cover the personnel costs of running bank branches, and to provide certain
services required for deposit account management.'® In Section 5.1 below, we extend this
interpretation to cover other non-pecuniary costs of saving associated with distance and/or
financial literacy. Note that while cash —the “informal” instrument— yields no interest,
deposits —the “formal” instrument— yield a non-negative risk-free rate of return, r.

Given prices (r,w), a worker’s problem can be stated recursively as

1-x
W(g,s,2) = max —— + 83 W(d, 8, (') o
68" 1 —x o
subject to
c+q + 5 +Elyso =wexp(e) + (L+7)q + s, (2)

141t is possible that one reason why people do not save formally to create a buffer stock is that they
are relatively well insured though informal means. This would imply that the value for 7 calibrated below
in Section 4.1 could be too high relative to its true value.

15Tn this vein, recent evidence by Roa and Carvallo (2018) shows that monthly fees for maintaining a
deposit account in Colombia can be as high as 1.5 percent of the median monthly wage. It is worth noting
that this study updates and extends the exercise conducted in Beck et al. (2008), which first collected data
on the costs of owning and using financial services around the world.
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and the no-borrowing constraints
q20,520,

where I~ is an indicator variable that equals one if the worker saves using the formal
instrument, and zero otherwise.
Entrepreneurs. Entrepreneurs have access to a decreasing returns technology that

uses labor [ and capital k to produce a consumption good, y. Specifically,

ye = lexp(zo)]' ™ (k)" (3)

In (3) 1 — X € (0,1) governs the share of labor in production, while # < 1 is the degree
of decreasing returns to variable inputs. Capital depreciates between periods at rate 6. An
entrepreneur’s idiosyncratic productivity is given by z;, which evolves over time according
to a finite-state Markov process with transition probabilities (2, z) = Pr(z.1|z) and
ergodic distribution I7(z). In each period, a fraction 1 — n of entrepreneurs dies and is
replaced by new ones, in which case the firms they owned exit at zero market value.'®

Entrepreneurs decide how much to borrow (d;) and save (b;1). Since b, = k; — dy,
and b; is pre-determined, choosing d; amounts to choosing k;. Further, we assume that
entrepreneurs cannot fully commit to repaying loans because financial contracts are im-
perfectly enforceable. In particular, defaulting entrepreneurs keep a fraction 1 — ¢ of their
capital stock; the remaining fraction ¢ is recovered by the lender.!” Finally, we assume
that all entrepreneurial saving is made through the one-period deposit contract.®

Given prices, (r,w), an entrepreneur’s problem can be stated recursively as

cl=x

Vi) =gy

RO N(URILED @

subject to

c+ b +&=[exp(2)]" (RN — (r +0)k —wl 4 (1 +7)b

16This reflects that firms exit the market for reasons not internalized by the model. It is well known
that without exogenous exit some firms would eventually accumulate enough assets to overcome borrowing
constraints, so that over time the mass of firms would grow without bound (Quadrini, 2004).

1"Note that although the collateral constraint ensures that all contracts are enforceable, if a firm were
to default, it would exit the market irreversibly.

18This is in line with the evidence. According to Didier and Schmukler (2014), virtually all firms in
Latin America own and use formal bank accounts. For Colombia, in particular, the WBES data show that
between 96 percent and 99 percent of the surveyed firms own checkings or savings accounts.
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and the collateral constraint
d < ¢k,

which can be rewritten as

b
1—¢
Notice that our specification of the collateral requirement is virtually identical to that
used in Midrigan and Xu (2014).

Financial intermediaries. Banks take deposits from workers and lend them to en-

k<

trepreneurs. Because all contracts are strictly enforceable (i.e., there is no default in
equilibrium), entrepreneurs pay and workers receive exactly the risk-free rate, which is
endogenously determined. Naturally, some firms face a higher shadow price of capital than
others depending on whether the collateral constraint binds, and some workers face a lower
return once fixed costs of deposit market participation are accounted for.

Equilibrium. The economy has a stationary equilibrium that consists of a set of prices
(w, 1), stationary distributions of workers, g(-), and entrepreneurs, h(-), and decision rules
{c(q,¢),4'(q,¢€),5(q,€),V (b, 2), k(b, 2),1(b, z) }, such that:

 All workers and entrepreneurs optimize, that is, I(b, z), k(b, z), b'(b, z) solve problem
(4)_(7) and C(Qa 5)7 q/(Q7 5)7 S/<Qa 5) solve (8)_(9)?

e The labor market clears,

D> h(b,2)l(b,z) = N> e¥(e);

b,z

o The asset market clears,

> h(b,2)K'(b,2) =Y g(g,5,2)d (q,8,2) + > h(b, 2)b' (b, 2).

b,z q,5,€ b,z

4 Quantitative Performance

In this section, we describe how data are used to calibrate the model presented in Section 3.
We also present a series of policy experiments that allow us to quantify the costs associated

with saving and credit constraints in a developing economy such as that of Colombia.
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4.1 Calibration

The model is calibrated to be consistent with a number of features of the Colombian
economy. In order to better match the data, we add an aggregate efficiency component,
Ay, which grows deterministically at a constant rate g, A, = gA;_ 1. This implies that most
aggregates in this economy are non-stationary with a deterministic trend. Normalizing

t 19

1=0) with a = M, such trend becomes ~*.

Ay = 1 and defining v = ¢*/(

We divide the parameter vector into two groups. The first group includes preference and
technology parameters that are difficult to identify using our data (see Table 4). We assign
to these parameters values that are common in the existing dynamic general equilibrium
(DGE) literature. Accordingly, the period is set to one year and the effective discount
factor is equal to 0.951. This is within the range of values commonly found in studies of
emerging market economies. Likewise, the risk aversion coefficient is set to 2.3, which is

close to the value estimated for Colombia in Prada and Rojas (2010).

Table 4: Preference and technology parameters

’ Parameter ‘ Value ‘ Description ‘ Source ‘
B(1—~)x | 0.951 | Effective discount factor DGE literature

X 2.300 | Risk aversion coeflicient DGE literature

0 0.850 | Share of variable inputs Zuleta et al. (2010)
1—A 0.635 | Labor share in variable inputs | Zuleta et al. (2010)

0 0.075 | Capital depreciation rate Hamann et al. (2013)
1—n 0.07 | Firm exit rate Eslava et al. (2013)

vy 1.038 | Trend output growth DANE

As for the technology parameters, Zuleta et al. (2010) apply several methodologies to
estimate the factor shares during the 1984-2005 period. We take averages of some of their
obtained series for the shares of basic labor, physical and human capital, such that the
share of labor 1 — X in variable inputs is set to 0.635, and the degree of decreasing returns
0 sums to 0.85. These figures are virtually identical to those found in Atkeson and Kehoe
(2005) and Restuccia and Rogerson (2008) for the United States, and similar to figures
that have previously been used for Colombia (Granda and Hamann, 2015).

Also, the depreciation rate ¢ is set to 0.075 as in Hamann et al. (2013). Further, the

survival rate of entrepreneurs 7 is set so that 1 —n = 0.07 to match the average firm exit

Y Trend growth also implies that the effective discount rate is B(1 —~)! =X for workers and Sn(1 —~)i=X
for entrepreneurs. The stationary equilibrium of the model of course is obtained in terms of de-trended
variables. For further details, see Appendix A.2.
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rate in the manufacturing sector as reported in Eslava et al. (2013). Finally, the trend
growth parameter v corresponds to the long-run output growth rate, and is estimated as
the average annual growth rate of output from 1976 to 2012 using yearly data from the
national statistics office (DANE).

Values for the second group of parameters are chosen to replicate certain moments of the

Colombian data (see Table 5). The transitory productivity of workers and entrepreneurs, (e, z),

are assumed to be first-order autoregressive processes with Gaussian disturbances, and
are discretized into five-state Markov chains using the Rouwenhorst (1995) method. The
autocorrelation coefficients, (p-, p.), and the standard deviations, (o.,0,), are chosen to
approximately match the saving rate and the fraction of non-savers for workers and en-
trepreneurs, respectively. The former is obtained from the financial module of the 2013
wave of the ELCA, while the latter is computed as the ratio of changes in net worth to
total operating revenue from the firm-level dataset (also for the year 2013) of Paez and
Tamayo (2019).

Table 5: Summary of calibrated parameters

Param \ Value \ Description \ Target \ Source
Pe 0.65 | AR(1) labor productivity % of workers who do not save | ELCA
O 0.24 | Std dev labor productivity | Workers’ saving rate ELCA
Pz 0.28 | AR(1) entrep productivity | % of entreps who do not save | ELCA
o, 0.76 | Std dev entrep productivity | Entrepreneurs’ saving rate ELCA
10) 0.20 | % of pledgeable collateral Credit-to-output ratio Central Bank
T 0.08 | Fixed cost of formal saving | % of formal savers ELCA

Finally, we calibrate the parameters that govern the functioning of financial markets.
The cost of using formal savings instruments 7 is set to match the fraction of savers that
resort to formal financial instruments in the ELCA data. Similarly, the parameter that
captures limited enforcement ¢ is chosen to replicate the ratio of credit to enterprises
(corporate plus microcredit) to private value added computed using data from Banco de
la Republica —the central bank of Colombia.

The resulting economy, as can be seen in Table 6, resembles the targeted moments fairly
well. Specifically, the model economy appropriately replicates the fraction of non-savers,
the saving rates, the fraction of households that save using formal financial instruments,

and the credit-to-output ratio.
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Table 6: Calibration results

\ Targeted moment \ Data \ Model \
% of workers who do not save 73.3% | 69.6%
% of formal savers 62.2% | 62.1%
Workers’ saving rate 12.1% | 10.8%
% of entrepreneurs who do not save | 28.8% | 31.1%
Entrepreneurs’ saving rate 9.9% | 8.5%
Credit-to-output ratio 31.8% | 31.6%

4.2 Counterfactual Analysis: Baseline Results

We now use the calibrated model to analyze a number of financial inclusion policies. In
addition to looking at key macroeconomic aggregates and distributional statistics, we study
the welfare implications of alternative policies by measuring conditional welfare changes,
often called consumption equivalent variations. The idea, first introduced by Lucas (1987)
and extended to heterogeneous agents models by Imrohoroglu (1989), is to measure how
much consumption of an agent needs to change in every state in the stationary equilibrium
so that the agent would be indifferent between experiencing the effects of the policy and
living in the pre-reform economy. If we denote {cP}22, as the optimal consumption plan
in the benchmark economy (in this case calibrated to Colombia) and {c’’}2°, as the plan
resulting from implementing a given policy, the welfare metric for workers in our model is

a function w(q, s, ) such that

Eo S Bu((l +w(g,5,2))cf) = Eoi_i;ﬁtu(cf»

t=0

For our choice of reward function u(-), this computation is given by

WP, >1 B

w(a,8,¢) = [WB(q, s,€)

where W% (q, s,€) and W5(q, s,¢) solve (1) for the worker (g, s,¢) in the policy and bench-
mark economy, respectively. Identical calculations are made for entrepreneurs. In what
follows, we present results from the average welfare gain using the stationary distribution
from the pre-reform (i.e., benchmark) economy (e.g., @' = 3., 9(¢,s,€)w(g,s,¢) for
workers), as well as the distributions of such gains by income quintile.

The first experiment aims to measure the impact of reducing costs associated with
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formal savings, 7. In principle, it is not straightforward to choose a lower value for this
parameter because microdata from ELCA-type surveys are not readily available for other
countries. To get around this issue, we use data from the Global Findex to obtain a
rough approximation to the fraction of people in the United States that save using mostly

informal instruments.?’

We then lower 7 up to the point where we match this fraction.
The approximation obtained is 13.5 percent, which corresponds to 7 = 0.045. The results
from such a reduction are presented in the third column of Table 7, wherein, to facilitate
comparison, we reproduce the performance of the benchmark economy under the label
“model Colombia”.

It can be seen that lowering the cost of formal saving entails some benefits for workers,
as the fraction of formal savers rises from 62.1 percent to 87.6 percent and their overall
welfare increases modestly by 0.6 percent. Welfare gains occur for two reasons. First,
some workers who have low savings in absolute value, and who were more likely to save
informally, now use the deposit contract. This increases their return to saving and helps
them reduce consumption volatility (see bottom-left panel of Figure 3). Secondly, workers
who were already saving formally —higher income workers for the most part— experience
an increase in average consumption because of the reduction in a cost they were paying.

Entrepreneurial welfare, by contrast, exhibits a significant increase, even though con-
sumption is as smooth as in the benchmark economy. This is because entrepreneurs now
experience a fall in a cost they are forced to pay. Notice that these gains are concentrated
among entrepreneurs in the bottom quintiles (see Figure 3) as they see a larger proportional
increase in their consumption (recall saving costs do not depend on income or savings).
All other aggregates including output, total factor productivity and saving rates remain
unchanged.

The next policy we consider aims to alleviate credit frictions while keeping saving
constraints in place. In particular, we maintain the cost of saving formally at its calibrated
value (7 = 0.08) but, instead, loosen the collateral constraint by increasing ¢ up to the

point where the business lending to output ratio resembles that of the U.S. economy (97

20In particular, we look at data from the Findex and compare it with data from the ELCA. While
the latter asks individuals where they mainly saved, respondents to the Findex survey can report all the
instruments they used for saving, meaning that the fraction of respondents saving informally includes those
who did only a tiny portion of their savings that way. For Colombia, the Findex reports that around 73
percent of respondents used cash and other informal instruments to do any of their savings, which is 92
percent higher than the figure from the ELCA, so we apply this factor to the Findex data for the U.S.
Thus, we divide 26 percent —the number reported as people saving informally by the Findex— by 1.92 to
get an approximation to the fraction of U.S. people who mainly save outside the financial system.
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percent).?! This corresponds to ¢ = 0.54, and the results are presented in the fourth
column of Table 7. The most noteworthy finding from this experiment is that reducing
credit frictions is a more powerful tool to increase workers saving and overall welfare. This
results from both a higher return to capital —i.e., bank deposits; notice the increase in
formal saving— and a higher labor income due to better resource allocation —the wage rate

is 11 percent higher.

Table 7: Policy experiments: Baseline Results

Model 7=US |r=COL | r=US
“Colombia” | ¢ = COL | ¢ =US | ¢ = US

Statistic

Targeted moments

% of workers who do not save 69.6% 70.0% 62.1% 56.2%
% of formal savers (workers) 62.1% 87.6% 73.9% 95.0%
Workers’ saving rate (savers) 10.8% 10.6% 12.6% 16.7%
% of entrepreneurs who do not save 31.1% 31.1% 35.1% 35.1%
Entrepreneurs saving rate (savers) 8.5% 8.5% 7.2% 7.2%
Credit-to-output ratio 31.6% 31.7% 96.3% 96.8%
% income in quintiles 1 & 2 8.0% 8.0% 9.8% 10.0%
Non-targeted moments
% of capital financed by firms 81.8% 81.8% 51.1% 50.9%
Capital intensity (K/Y) 1.74 1.74 1.97 1.97
Aggregate output 1.00 1.00 1.10 1.10
Total factor productivity (TFP) 1.00 1.00 1.02 1.02
Net real interest rate 8.1% 8.1% 8.4% 8.3%
Real wage rate 0.37 0.37 0.41 0.41
Consumption volatility

Workers 0.43 0.42 0.41 0.40

Entrepreneurs 0.49 0.49 0.47 0.46
Welfare gain ()

Workers) 0.6% 9.4% 10.1%

Entrepreneurs) 9.2% 8.7% 15.6%

Aggregate output rises by 10 percent and average welfare increases for both workers

2'While total credit to the private non-financial sector as a share of GDP in the U.S. was 149 percent in
2013, almost half of it was mortgage and consumer credit. The credit to output ratio used here is obtained
by adding the bank credit to non-financial businesses as a share of GDP (67 percent) from Table F4.1 of
the Bank for International Settlements (https://stats.bis.org/statx/srs/table/f4.1) and the debt securities
to GDP ratio (27 percent), also obtained from the BIS.
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(9.4 percent) and entrepreneurs (8.7 percent), largely a result of higher incomes.?” This is
especially the case for workers, as a larger fraction of them now save and their saving rate
increases to almost 13 percent. As shown in Figure 3, both workers and entrepreneurs in
the lowest income quintiles benefit most from this policy, and income distribution becomes
less concentrated: the share of income held by quintiles 1 and 2 increases from 8 percent
to 9.8 percent. Notice also that only relaxing borrowing constraints makes entrepreneurs
save less (lower saving rate). This is because a much higher fraction of the capital stock is

financed by household savings (higher credit-to-output ratio).

Figure 3: Welfare Gains by Income Quintile

Consumption Equivalent Variation
Workers Entrepreneurs

T
[__Jt=Us, ¢=CcOL
I =COL, g=US
3k B I =Us, ¢=US

3
Income quintile Income quintile

Note: The figure displays the distribution of welfare gains by income quintile associated with the

counterfactual experiments of Table 7.

In our last experiment, shown in the rightmost column of Table 7, we combine the two
policies considered above; that is, we set ¢ = 0.54 and 7 = 0.045. This policy combination
has the largest impact on formal saving and on workers saving rates, which climb to 95
percent and 16.7 percent, respectively. The intuition for this result is as follows: When
only formal saving costs are lowered, saving does not increase much because demand for
credit changes little (recall the closed-economy assumption). At the other end, when only
credit frictions are reduced, saving increases because of higher demand for credit and
higher interest rates, but saving does not grow as much because the cost of using banks

remains in place. When both frictions are reduced simultaneously, workers saving increases

22There is also a reduction in consumption volatility, especially among low income workers (see Figure
5 in the Appendix). However, such improvements in consumption smoothing are relatively less important,
since the increase in output and productivity allows agents to move toward a flatter part of their utility
function, where they care less about volatility.
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substantially. Notice, however, that with respect to the credit frictions only reform, this
combination of policies has a modest (positive) impact on the remaining aggregates and
distributional statistics.

Here we have used figures from the U.S. economy to set up our policy experiments
mainly to facilitate comparison with the extant literature. Additional counterfactuals
(presented in Appendix A.3) that mimic the much higher financial market development of
a country like Sweden suggest that the gains from financial reforms that loosen credit and
saving constraints can be much more substantial.?*

To summarize, the main counterfactual exercises from our baseline model economy show
that the benefits of reducing savings costs alone are very modest when compared with those
of alleviating credit constraints. This result occurs because fixed saving costs do little to
modify dynamic behavior, while alleviating borrowing constraints brings about a powerful
general equilibrium effect. Relaxing credit frictions improves resource allocation, which
in turn (i) increases the aggregate productivity of capital, inducing higher saving (along
both the extensive and intensive margins) and less informal saving, and (ii) increases the
productivity of labor, allowing for higher average consumption by workers. The relative
contribution of each of these forces in terms of macroeconomic aggregates and welfare is
more easily seen by studying the case of a small open economy in which r is fixed, and by

providing some partial equilibrium results that remove the effect of higher wages.

4.3 Counterfactual Analysis: Open Economy

The results from the previous subsection suggest that the equilibrium effects of removing
saving and credit constraints are mediated by changes in both interest rates and wages.
But Colombia has at times been thought of as a rather small open economy (SOE) with
domestic interest rates virtually pegged to the foreign ones (Lépez et al., 2008). In this
subsection, we provide results from similar counterfactual exercises when the interest rate in
the model economy is assumed to remain unchanged at its benchmark level of 8.1 percent.

Table 8 reproduces the model calibration, and presents the results from the counter-
factual experiments under the small open economy assumption. In particular, rather than
"calibrating" the values for (7, ¢) to match the U.S. moments, we use the parameter values

used for Table 7, and study their differential impacts.

23In particular, workers saving rate increases by 74 percent (8 percentage points from 10.8 percent to
18.8 percent), output increases by 19 percent, and the share of income held by the bottom 40 percent
increases by 62 percent (from 8 percent to 13 percent).
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It is clear from Table 8 that in a SOE, reducing saving costs has the exact same effect
as in the closed economy, but reducing credit frictions has no effect on inducing higher or
more formal saving by workers. This is because the interest rate effect is absent: workers
do not observe an increase in returns to capital, and, thus, they do not change their saving
behavior. However, the welfare gains from alleviating collateral constraints remain because

the wage does increase as a consequence of better capital allocation. In our next exercise

we isolate this labor market effect as well.

Table 8: Policy Experiments: Small Open Economy
Model 7=US |7=COL | 7=0US

Statistic “Colombia” | ¢= COL | ¢=US | ¢=US
% of workers who do not save 69.6% 69.8% 70.1% 67.1%
% of formal savers (workers) 62.1% 87.7% 61.0% 84.1%
Workers’ saving rate 10.8% 10.7% 9.8% 12.0%
% of entrepreneurs who do not save 31.1% 31.1% 35.0% 35.0%
Entrepreneurs’ saving rate 8.5% 8.5% 7.3% 7.3%
Credit-to-output ratio 31.6% 31.6% 98.2% 98.2%
% income in quintiles 1 & 2 8.0% 8.0% 9.6% 9.5%
Real wage rate 0.37 0.37 0.41 0.41
Consumption volatility

Households (workers) 0.43 0.42 0.41 0.40

Firms (entrepreneurs) 0.49 0.49 0.47 0.46
Welfare gain (@)

Households (workers) 0.6% 9.8% 10.4%

Firms (entrepreneurs) 9.2% 8.7% 15.8%

4.4 Counterfactual Analysis: Partial Equilibrium

We continue to dissect our baseline results of Table 7 by isolating changes in factor markets.
That is, we now conduct counterfactual experiments in an economy in which both the
interest rate and the wage remain constant at their benchmark levels (r = 8.1% and
w = 0.37). We call this setting, wherein both households and firms solve their problems

given prices, partial equilibrium. Results are presented in Table 9 below.
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Table 9: Policy Experiments: Partial Equilibrium
Model 7=US |7=COL |7=1US

Statistic “Colombia” | ¢= COL | ¢=US | ¢=US
% of workers who do not save 69.6% 69.8% 69.6% 69.8%
% of formal savers (workers) 62.1% 87.7% 62.1% 87.7%
Workers’ saving rate 10.8% 10.7% 10.8% 10.7%
% of entrepreneurs who do not save 31.1% 31.1% 35.3% 35.2%
Entrepreneurs’ saving rate 8.5% 8.5% 7.4% 7.3%
Credit-to-output ratio 31.6% 31.6% 98.3% 98.3%
% income in quintiles 1 & 2 8.0% 8.0% 6.7% 6.7%
Aggregate output 1.00 1.00 1.51 1.51
Total factor productivity (TFP) 1.00 1.00 1.07 1.07
Consumption volatility

Households (workers) 0.43 0.42 0.43 0.42

Firms (entrepreneurs) 0.49 0.49 0.48 0.48
Welfare gain (@)

Households (workers) 0.6% 0.0% 0.6%

Firms (entrepreneurs) 9.2% 30.0% 35.8%

Like the SOE case, reducing saving costs has the exact same result as in the baseline
(Table 7). As before, alleviating credit frictions has little impact on workers saving because
the interest rate effect is absent. That is, workers will not change their saving behavior
unless the explicit cost of accessing formal financial instruments declines. Finally, and
perhaps more importantly, notice that when borrowing constraints are relaxed, workers
welfare is now unchanged because the wage effect is now absent.

The remaining differences between Table 9 and 7 are fairly intuitive. When collateral
requirements are reduced, entrepreneurs can borrow and run larger firms, but they can
now hire additional workers at a constant wage (i.e., there is no labor market effect) which
allows them to run even larger firms than in the baseline economy. The result is an increase
in output of over 50 percent. However, these gains accrue only to entrepreneurs because
workers face a constant income (labor supply, interest rates and wages are all fixed). This
is why entrepreneurial welfare increases by over 30 percent, and income becomes more

(rather than less) concentrated as a consequence of reforms.
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5 Extensions

We now present two important extensions to our baseline model in an effort to add some
more realism to the analysis. The first extension is concerned with taking seriously the
evident inequality in formal saving costs briefly discussed in Section 2. The second ex-
tension relaxes the assumption of fixed occupations, allowing for some entry/exit into

entrepreneurial activity.

5.1 Saving Constraints: More Heterogeneity

In the model of Section 3, a fixed cost is equally paid by all agents who use the deposit
contract. While the fixed nature of this cost induces some inequality on the severity of the
saving constraints faced by agents with different income and saving needs, the resulting
inequality in the calibrated economy appears to be lower than that observed in Colombia.
In this regard, note that, according to data from the ELCA survey, the share of informal
savers among workers in income quintiles 1 through 4 is 3.5 times as high as that of
workers in the top income quintile; in contrast, the model of Section 3 delivers a ratio of
only 2. That across-the-board fees and commissions are not able to replicate this inequality
suggests that certain agent-specific characteristics, such as geographic location or financial
literacy, may be important determinants of informal saving behavior.

In view of the above, we propose a simple extension to our benchmark model that better
captures heterogeneity in saving constraints by making use of the previously established
facts that income is negatively associated with the probability of reporting informal saving
because of costs or distance, and positively associated with the level of financial literacy (see
Table 2 in Section 2). In particular, for workers we posit that saving costs are correlated

with income in the fashion:
K

T(e) =(C+ =l

where ((, k) are parameters to be calibrated and ¢ is the transitory income shock expe-
rienced by workers. For entrepreneurs, we continue to assume that they always pay the
formal saving cost at a rate 7(£), where € is the highest level of the transitory shock (i.e.,
entrepreneurs pay the lowest formal saving cost).

With this simple modification, we recalibrate our model to replicate the Colombian
economy. The only difference with respect to the procedure described in Section 4.1 is
that we now calibrate ((, ) to approximately match the fraction of informal savers and

the ratio of informal savers in the bottom four income quintiles to that of the top quintile.
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The calibrated values for these parameters are (¢, k) = (0.0168,0.0682).

In Table 10, we compare the results from this calibration with the data and with the
calibration using the baseline model (without heterogeneous costs of formal saving). We
also present the results from three policy experiments similar to those shown in Table 7.
Note that when lowering the costs of saving formally, we decrease x up to the point at
which we replicate the informal saving incidence of the United States. The resulting value
is K = 0.0189.%*

Table 10: Policy experiments: Heterogeneous cost for formal saving

Colombi Model Counterfactuals

Statistic orotmbia calibration 7=US | 7=COL | 7=US
Data r=forall | 7(¢) | p=COL | ¢=US | ¢=US
Informal saving (workers) | 37.8% 37.9% | 35.9% | 12.1% | 24.5% | 8.2%

Within income ql-q4 58.0% 55.1% | 68.5% | 33.2% 52.6% | 16.3%
Within income ¢5 17.0% 27.8% | 20.9% 0 0 0
Ratio of ql-q4 to g5 3.5 1.98 3.3 - - —
Welfare gain (w)
Households (workers) 0.7% 10.0% | 11.0%
Firms (entrepreneurs) 0.4% 21% | 2.3%

With respect to the baseline model, the model with heterogeneous saving costs is only
slightly less effective in matching the overall fraction of informal savers (among workers);
however, it comes much closer to matching the actual inequality in informal saving (i.e.,
the ratio of informal savers in the lower four income quintiles to informal savers in the top
quintile). Though it overpredicts the fraction of informal savers in the lower quintiles, it
approximates informal saving behavior among the top income quintile (17 percent in the
data) better than the baseline model.

The counterfactual experiments reveal that lowering the average cost of formal saving
as well as its inequality between income groups results in an increase in formal saving that
is larger than that obtained with the baseline model (refer to the last column of Table 7).
The increased effectiveness of financial inclusion policies brings about larger welfare gains
than in the baseline exercises, especially for workers in the lowest income quintiles (see
Figure 4). Other macroeconomic aggregates and distributional statistics experience only

marginal changes, and, thus, are not shown in the interest of brevity.

241f we were to lower ¢, instead, most results would be identical except for the distribution of welfare
gains. In that case, the share of welfare gains that accrues to the lower income households is lower.
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Figure 4: Heterogeneous 7: Welfare Gains by Income Quintile
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Note: The figure displays the distribution of welfare gains by income quintile associated with the

counterfactual experiments of Table 10.

5.2 Occupational choice

Our model of Section 3 features two separate categories of agents, entrepreneurs and work-
ers, each of them in fixed supply. That is to say, the occupational decision is exogenous.
This assumption may seem at odds with recent studies developing quantitative frameworks
to address the consequences of entrepreneurship for issues such as wealth inequality and
economic development.””> And while data from the ELCA suggest that saving to under-
take entrepreneurial activities may not be very prevalent —only between 4 percent (2013
wave) and 6 percent (2010 wave) of the surveyed individuals report having saved to start a
business— it is still useful to study whether formal saving and the possibility of credit that
it brings may be an important determinant of occupational choice. For these reasons, in
this section we provide a simple occupational choice version of our model as an extension.
We describe its main features here, and provide details of the setup in Appendix A.5.

The first modification with respect to the baseline model is that, since agents are now
of a single type (i.e., they are not exogenously chosen to be workers or entrepreneurs),
there is a single process that captures transitory ability shocks. As before, idiosyncratic
efficiency, x;, evolves over time according to a finite-state Markov process with transition
probabilities p(z', ) = Pr(zyy1|x¢) and ergodic distribution I'(z).

Without loss of generality, we assume that the occupation choice is made one period in

25See Quadrini (2009) and references therein. Also, De Nardi and Fella (2017) tackle the distributional
implications of entrepreneurship in a comprehensive survey.
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advance. That is, an agent wakes up to every period either as a worker or an entrepreneur.
In the former case, the agent inelastically supplies her unit of labor to an entrepreneur,
and receives her labor income, wexp(x), while in the latter case, the agent decides how
much labor and capital to use in production.

Agents also decide how much to accumulate in assets. In the case of a worker, she may
hold cash, s, or deposits, a, by paying the fixed cost of using the bank, &, as defined in
Section 3. Likewise, an entrepreneur can only hold assets through the deposit contract,
a, but his deposits may be used as collateral to install capital in line with the borrowing
constraint k < a(l — ¢)~ L.

Finally, agents choose which occupation they would like to undertake in the following
period. For the case of an agent who wakes up to a worker in the current period, the

recursive formulation of the problem can be stated as:

cl=x

Wia,s,x) = max -— X

+6 Z O(a', s, 2" (', x), (5)

where O(d/, ', 2") = max{W(d,s',2'),V(d, s, 2")}, and W(d',s',2") and V(d', s, 2') are
the continuation values of being a worker and an entrepreneur, respectively. The maxi-
mization in (5) is subject to the same resource constraint (2), with appropriate changes of
notation (a in lieu of ¢ and z in lieu of €). The problem of an agent who wakes up as an
entrepreneur in the current period can be obtained by making similar adjustments to the
problem in (4), and by adding a fixed cost, fe, that is paid in every period in which the
firm operates.?¢

For the quantitative analysis, our strategy is to maintain as much as possible the
calibration used in Section 3, and so, we proceed as follows: First, the transitory ability
process is parametrized to mimic that of workers in Section 3 (i.e., p = 0.65 and o =
0.24). Then, we re-calibrate ¢ and 7 so as to once again match the credit-to-output
ratio and the fraction of informal savers among workers in Colombia. This results in
(¢, 7) = (0.146,0.059). The value for the fixed cost, f, is chosen so that the fraction of
workers is close to 80 percent, which is a reasonable value for Colombia.?” Finally, we leave
all the remaining parameters (3, 0,7, 0, A\, x,n) as in the baseline calibration. The results

from this exercise are presented in the second column of Table 11.

26This is standard in the firm dynamics literature and very much in the spirit of Hopenhayn (1992).

2TThere is considerable uncertainty surrounding this figure for the case of Colombia. While in the
ELCA around 61 percent of respondents were classified as workers, Mejia (2010) estimate this number to
be closer to 95 percent using the national household survey.
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Naturally, we do not expect to match the moments regarding saving behavior as accu-
rately as in the previous settings, since we have only one income process for both workers
and entrepreneurs (i.e., two parameters and four moments). Nevertheless, the model can
be calibrated to very closely match credit to output and informal saving in the Colombian
economy.

We again conduct the counterfactual experiment in which ¢ is lowered until the credit
to output ratio matches that of the U.S. economy. This yields ¢ = 0.451, and the results
are displayed in the third column of Table 11. It is worth noting that from this policy
scenario, reducing credit frictions becomes an even more powerful tool to reduce informal
saving (compare with the fourth column of Table 7). This is not surprising since better
access to credit for entrepreneurs incentivizes formal saving by workers, who may become

entrepreneurs and use their formal savings as collateral in the future.

Table 11: Policy Experiments: Occupational Choice Model

Statistic T ¢; ggi ’ ;:CI?SL
% of workers who do not save 70.9% 62.5%
% of formal savers (workers) 61.3% 76.9%
Workers saving rate 9.6% 12.2%
Credit-to-output ratio 31.9% 95.7%
Real output 1.00 1.05
Real wage rate 0.53 0.54
Fraction of workers 79.7% 82.6%
Welfare gain () 1.1%

Notice also that, as credit frictions diminish, a smaller fraction of agents decides to
become entrepreneurs (the fraction of workers is now 83 percent, compared with 80 percent
in the pre-reform economy). This is a standard result in the literature (see, e.g., Antunes
et al., 2008) and follows from the fact that, with better credit allocation, more productive
and larger firms operate, which in turn implies that fewer firms are required to clear the
labor market. Finally, note that output and welfare gains from the financial reform are
now somewhat lower because, in the pre-reform economy, agents can choose not to operate

a firm under very tight credit constraints; hence, financial frictions are less distortive.
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6 Concluding Remarks

In this paper, we used recently collected survey data to study the costs associated with
saving and credit constraints through the lens of an otherwise standard general equilib-
rium, heterogeneous agent model. In our setup, the costs of using financial instruments
distort saving decisions by households, leading to volatile consumption profiles. These
constraints interact with credit frictions to generate a vicious circle of informal savings,
capital misallocation, and low returns to formal savings instruments.

Overall, our quantitative results show that alleviating enforcement frictions in credit
markets can substantially change saving behavior, and bring about large welfare gains. By
contrast, policies that exclusively aim at reducing fixed saving costs can increase the use
of formal saving instruments, but have little impact in terms of macroeconomic aggregates
and welfare. The intuition for these results is fairly simple: lowering saving costs mostly
affects a static choice between saving instruments, while relaxing borrowing constraints
improves resource allocation, which, in turn, increases returns both to saving and to labor
income. Because these effects are captured only in a general equilibrium framework, our
results suggest that this type of study could greatly complement the growing literature on
small-scale field experiments associated with financial inclusion policies.

One limitation of the framework developed in this paper is the assumption concerning
the means that both formal and informal saving can take. In reality, individuals can re-
sort to financial instruments other than cash and/or a deposit contract; for example, one
can save in land, housing improvements, livestock, jewelry, among others. Moreover, in
many developing countries, households can put their money into informal savings instru-
ments that might be risky or whose functionality is limited. Future studies should more
realistically model these admittedly important features of saving in the developing world.

Another issue to acknowledge is that the process of pricing financial products is a
complex one. Banks usually price their deposit products through a combination of fees
and interest rates. Some fees may be visible and charged on the “base product” —the deposit
account itself, while some others may be what the specialized literature calls aftermarket
fees (overdraft fees, ATM fees, etc.). And while the bulk of the industrial organization
literature has focused on the explicit interest rate as the main pricing variable, economists
have long recognized that set-up costs, fees, commissions and surcharges are important

determinants of the demand for deposit accounts (see, e.g., Flannery, 1982; Klein, 1974).%

28 An additional cost of saving formally that we do not consider explicitly in our model is that associated
with switching banks. The pervasiveness of network effects in the bank deposit market has been shown to
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The available data are widely supportive of the observation that fees and fixed costs on
the ownership and use of financial products are a significant source of bank revenue, and
therefore constitute a considerable source of price variation. By 2015, in the United States
total service fee revenues for banks reached $34.6 billion — approximately 15 percent of total
banking non-interest revenue or 5 percent of total bank revenue (Adams, 2017). In the
developing world, the incidence of service fees is even more prominent. According to the
Global Findex, in Latin America and Sub-Saharan Africa, the overwhelming majority of
people who do not have an account at a financial institution report that the main reasons
they do not use such institutions are that they are “too costly” (46 percent) and “too
far” (65 percent). In Sub-Saharan Africa, lack of documentation also appears to be an
important issue. In Latin America, a recent survey of 71 banks in 10 countries shows that
deposit accounts are more difficult and costly to open and maintain in this region (Roa and
Carvallo, 2018).? Finally, the importance of pecuniary and non-pecuniary costs in saving
decisions is supported by the literature on field experiments (mentioned above), in which
physical proximity and non-fee treatments have resulted in greater account ownership and
larger savings (Prina, 2015; Kast and Pomeranz, 2014).

A number of features about the size and structure of the financial system may lie
behind the incidence of high service costs to formal saving. To begin with, high fixed costs
associated with the provision of deposit services —such as branches and ATMs— along with a
small scale of operation (small customer base) results in high unit service costs for financial
institutions, which in turn may pass-through to customers. Similarly, low competition
among depository institutions can lead to high overhead costs and low efficiency, both of
which also translate into high service fees and surcharges. Indeed, according to World
Bank data, over the 2010-2015 period, overhead costs as a fraction of assets appear to
be higher in Colombia than in the typical Latin American country. Moreover, recent
competition estimates by Gomez et al. (2018) suggest that market power by Colombian
banks has increased during the same period. Finally, “know your customer” regulations
and provisions to stop money laundering and terrorism financing may have also contributed
to the persistence of non-pecuniary costs of owning and using formal financial products,

especially savings and deposit instruments.

result in considerable switching costs (see, e.g., Kim et al., 2003).

29For instance, the survey finds that while in Spain one can open deposit accounts in up to five different
channels (branches, correspondents, telephone, etc.), in most Latin American countries this can be made
only in two channels. Likewise, in 9 of the 10 countries positive minimum balances are required to open
and maintain such accounts, and in 7 of them deposit accounts are charged on average one monthly fee.
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A Appendix

A.1 Firm-level Data

We now briefly summarize the data used for computing the statistics on saving behavior
by Colombian firms. A detailed explanation of the dataset is in Paez and Tamayo (2019).

The data is taken from three different sources. First, we collect balance sheet and
income data from Colombia’s Superintendencia de Sociedades (“Supersociedades”) which
includes a total of 44,703 privately held firms over the period 2004-2014. These are mostly
industrial, medium and large firms which, because of their size or some other industry
specific characteristics, are required to file reports to the Superintendency. The dataset
includes very detailed account data, including different types of assets (e.g., cash and
equivalent, fixed assets, intangible assets, etc.) and liabilites (e.g., short/long-term, with
suppliers, banks, etc.), as well as detailed sources of income and expenses.

Next, we use a proprietary database from ORBIS Americas —collected and maintained
by Bureau van Dijk— which contains some 474,400 firms over the same period. Unlike the
data from Supersociedades, this dataset includes small and often times micro firms from all
sectors of the economy. However, we find that for most firms less detail is available in this
dataset; in some cases, only total assets or total liabilities (instead of their composition) is
available. Finally, the data is complemented by the 47 firms that issue securities and thus
report to Colombia’s Superintendencia Financiera.

The change in net worth is defined as the yearly change in the difference between total
assets and total liabilities, while the firm’s “income” is taken to be operating revenue.
The former is deflated using the investment deflator from the national accounts, while the
latter is deflated at the 2-digit industry level with base year 2015. For the period 2010-2013
—used for the statistics presented in Table 3, we end up with 232,222 firms. Finally, for
the calculations used in the calibration, we pick the year 2013 and end up with a sample
of some 103,000 firms.

A.2 Exogenous Growth and De-trending

We now present the details of the model under exogenous growth. Recall that an aggregate
efficiency component, A;, is included in the production function, and that it grows deter-
ministically at a constant rate g, A; = gA;_;. This implies that most aggregates in this
economy are non-stationary with a deterministic trend. Normalizing Aqg = 1 and defining

v = ¢~ with o« = M, such trend becomes +*. Denote z as the de-trended value of X.

36



Then the programming problems before de-trending can be written as follows:
Workers:

© O 1-x
Cmax By fl——
Ct,S5t4+1,Qt+1 ; I—x
subject to
ét + Qt-t,-l + §t+1 + §HQt+1>0 == Wt exp(st) + (]. + Tt)Qt + St.
Entrepreneurs:
00 C I-x
max FE pn)t !
C,Kt,Biya,le ° §< ) I—x
subject to

Co+ By = Ayexp(z) (K 1) = Wil — (r + 0) Ky + (1+7)B, — €
o
1—=¢
To save on notation, first define &« = A0 and ¥ = (1 — \)f# so that output is given by
Y; = Ayexp(z)' " K,"1?. In a balanced growth path, Y, B, W, S, Q, C, and K exhibit a

common trend. To find this common trend, recall that A, = A;_1g = Apg’. Normalizing

Ay = 1, the common trend can be found to be g(!/0=)* To see this, divide by this factor:

Y, ' exp(z) 0K, 17
GOt~ guanr

Now, re-write g(1/(0=at a5 gle/(=a)tgt 5o that
ﬁ 1-6 f(t : 9
e — P& Sy ) b
Hence Y, = g/t and K, = k,g/0-2)t To save on notation, we define v =
g1/(1=2)) 5o that the common trend is 4%, but recall that g (not v) is the rate at which
TFP grows. When all trending variables are divided by ~*, the problems for workers and

entrepreneurs can be stated in terms de-trended variables. More specifically, the worker’s

problem can be written recursively as:

cl=x

W(q,s,e) = max
(g,5,€) = max 1— "

+ By Y W, S E)w(Ee)
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subject to
c+vq + 78 4+ Elyso = wexp(e) + (L +7)q + s,

while the entrepreneur’s problem may be written:

clx
V (b, z) = max
vkl 1 —y

+ By XYV, ) (]2)
subject to
e+ + & = [exp(2)] BN — (r + 6)k —wl + (1 +1)b

and the collateral constraint
d < ok,

A.3 Additional Policy Experiments

We now present two additional policy experiments with our baseline model. First, we
calibrate the model to resemble the U.S. financial system as a whole instead of matching
its saving and credit market outcomes separately. That is, rather than altering 7 while
keeping ¢ constant at the “Colombia” calibrated level and viceversa, we obtain values for
(1,¢) that simultaneously match the informal saving fraction and the credit to output
ratio. This experiment requires (7,¢) = (0.046,0.536). The results are presented in the
column labeled “7 = US, ¢= US” of Table 12 and, as should be expected, are better —in
terms of welfare gains— than either policy of “7 = US, ¢p= COL” or “r= COL, ¢= US” only,
but worse than those presented in the last column of Table 7 where (7, ¢) = (0.045,0.542).

A second experiment that we conduct aims at calibrating the model to match the
financial outcomes of Sweden, an economy with very developed financial markets: almost
150 percent of credit to firms as a share of GDP, and an approximate equivalent informal
saving of 10 percent (again, using the Findex and ELCA data for Colombia to obtain
an equivalent figure for Sweden). This experiment requires (7,¢) = (0.067,0.77). Such
calibration shows that moving toward financial market outcomes that resemble Sweden
rather than Colombia brings about very large gains in terms of output, productivity and
welfare (on average of up to 20 percent of equivalent increases in consumption for workers

and 16 percent for entrepreneurs).
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Table 12: Additional policy experiments: US and Sweden

Statistic Model 7=US | 7=SWE
“Colombia” | ¢= US | ¢= SWE

% of workers who do not save 69.6% 56.8% 49.1%
% of formal savers 62.1% 91.5% 91.0%
Workers’ saving rate (savers) 10.8% 16.5% 18.8%
% of entrepreneurs who do not save 31.1% 34.9% 48.3%
Entrepreneurs saving rate (savers) 8.5% 7.2% 7.1%
Credit-to-output ratio 31.6% 95.5% 149.0%
% income in quintiles 1 & 2 8.0% 9.9% 13.0%
% of capital financed by firms 81.8% 51.5% 32.3%
Capital intensity (K/Y) 1.74 1.97 2.2
Aggregate output 1.0 1.10 1.19
Total factor productivity (TFP) 1.0 1.02 1.04
Net real interest rate 8.1% 8.4% 8.4%
Real wage rate 0.37 0.41 0.45
Consumption volatility

Households (workers) 0.43 0.41 0.40

Firms (entrepreneurs) 0.49 0.46 0.42
Welfare (consumption eq. variation)

Households (workers) 9.8% 19.7%

Firms (entrepreneurs) 15.5% 15.5%

A.4 Consumption Volatility

As mentioned in the main text, the three policy experiments —reductions in saving con-
straints, credit frictions, and a combination of policies— result in modest reductions in
consumption volatility for low income workers. Figure 5 presents coefficients of variation

associated with the policy experiments relative to the benchmark economy.
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Figure 5: Consumption Volatility by Income Quintile
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Note: The figure shows the distribution of consumption volatility, measured by the coefficient of variation,
associated with the policy experiments relative to the benchmark economy. The top panel corresponds to
the baseline model, while the bottom panel refers to the model with heterogeneous saving costs.

A.5 An Occupational Choice Model

We now present a simple occupational choice version of the model used in Section 3.

The economy is composed of a measure one of agents who at times may be workers or
entrepreneurs. In each period, an agent wakes up to an occupation and makes production
and consumption decisions, as well as a choice of occupation for the following period.
Agents face idiosyncratic ability shocks captured by x;, which evolves over time according
to a finite-state Markov process with transition probabilities u(a’, ) = Pr(xy]zs) and
ergodic distribution I'(z).

An agent who wakes up to a worker inelastically supplies her unit of labor to an en-
trepreneur and receives her labor income, wexp(z), while in the latter case the agent
decides how much labor and capital to use in production. Agents also decide how much

assets to accumulate. In the case of a worker, she may hold cash, s, or deposits, a, by
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paying the fixed cost of using the bank, £ = 7w. As before, an entrepreneur always pay the
fixed cost of using the financial system, but his deposits may be used as collateral to install
capital in line with the borrowing constraint of Section 3, k < a(1 — ¢)~!. Entrepreneurs
also pay a fixed cost, o, in every period in which the firm operates.

For the case of an agent who wakes up to a worker in the current period, the recursive

formulation of the problem can be stated as:

1-x

W(a, s, x) = max ;— "

+8)0(d, s, " )u(a', x)
subject to
c+vya' + 8 + Elysog =wexp(z) + (1 +7r)a+ s,

where O(d/, s, 2") = max{W(d,s',2'),V(d, ¢, 2")}, and W(d',s',2") and V(d', s, 2') are
the continuation values of being a worker and an entrepreneur, respectively.
For the case of an agent who wakes up to an entrepreneur, the recursive formulation of

the problem can be stated as:

cl=x

V(a,s,x) = max

o A O e )

subject to
e+ +d + &= [exp(@)] (RN = (r+0)k — fo —wl+ (1+7)b+ s,

and the collateral constraint
k<a(l—o¢) ™

Notice that, while entrepreneurs are in principle allowed to save in cash, the assumption
that they always pay £ implies that they will never choose to do so. Notice also that an
agent that is currently a worker may use her formal asset holdings (a’) as collateral for
borrowing capital and producing tomorrow (after choosing to become an entrepreneur).
The definition of equilibrium would be very similar to that of Section 3, with appropriate
changes in notation and with the addition of a policy rule specifying the occupation decision

as a function of the states.
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