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This paper studies the welfare effects from the provision of unemployment insurance (UI)
benefits in a context where formal workers represent only a small proportion of the labor market
and informal workers can submit fraudulent claims for UI benefits. We model these features

ﬁm);f;mem insurance and allow for varying degrees of enforcement and different funding sources. We then estimate

Informality the model’s key parameters by conducting a custom labor force survey in Senegal. Our findings

Fraud show that the liquidity gains are large and the moral hazard response to the UI benefits among

Development workers is relatively small: an extra dollar of UI benefits yields a consumption-equivalent gain

?frica_ of 60-90 cents, which exceeds comparable estimates from U.S. calibrations by a factor of three
axation

to sixteen. We then show that the welfare gains depend on the program design: Ul funded
through payroll taxes delivers the greatest welfare gains but becomes infeasible when there are
few formal workers and high rates of fraudulent claims. On the other hand, UI funded through
consumption taxes delivers lower welfare gains but remains feasible with high informality and
false claims.

1. Introduction

Unemployment insurance (UI) is one form of worker protection program that is considerably less prevalent in low-income than
in high-income countries because it is more difficult for the former to track work status and fund UI budgets (Benjamin and Mbaye,
2012; Cirelli et al., 2021). Any enthusiasm for UI as a macroprudential policy tool thus often fades in the face of financing and
implementation challenges in labor markets characterized by high informality and self-employment (Breza et al., 2021; Donovan
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et al., 2021) and frictions arising from skill mismatch and job search (Alfonsi et al., 2020; Behrman, 1999; Bryan et al., 2014;
Hamory et al., 2020).

This paper advances our understanding of the impact and optimal design of UI in labor markets characterized by low formality
and by the presence of informal workers who might submit fraudulent claims to qualify for UI benefits. Specifically, we address the
following questions in the context of the Senegalese labor market: What are the potential welfare gains from Ul in this context? What
are the limits to a payroll tax-funded UI system under limited enforcement? Can broad-based funding of UI through a value-added
tax (VAT)/consumption taxes yield larger welfare gains? Answering these questions requires us to overcome a few modeling and
data challenges. We provide key stylized facts on the Senegalese labor market, develop a structural UI model that applies well to
economies with Senegal’s distinguishing labor market characteristics, and calibrate the model with a rare and highly customized
labor force survey that provides a rich set of moments on worker behavior.

First, we use nationally representative living standard and labor force surveys to document four key facts about the Senegalese
labor market: (i) It is mostly informal, with only a small fraction of its workers and firms being formally established. (ii) Even within
formal firms, there is a substantial subset of undeclared informal workers who could falsely claim UI intended for formal workers.
(iii) There are pronounced income, consumption, and asset disparities across different employment statuses and, therefore, high
potential for consumption smoothing through social insurance. Finally, (iv) informal networks serve as a crucial mechanism to help
workers cope with job loss, echoing the findings in Cox et al. (1998), Cox and Fafchamps (2007). In these respects, the Senegalese
labor market exhibits characteristics similar to those of other low-income African countries.

Second, we progressively build on the model of Chetty (2006) to understand how each of these features of the Senegalese labor
market affects welfare gains from UL We start with the baseline Baily—Chetty economy where there is perfect enforcement of Ul
eligibility and no informality. At baseline, the government can fully impose UI payroll tax contributions on employed workers, and
there are no false claims from informal workers. The standard balance between moral hazard and liquidity effects determines the
welfare gains from Ul in this context.

We then extend the Chetty (2006) model by introducing three work statuses, informal employment formal employment, and
unemployment, and by allowing a share of informal workers to submit false claims and collect UI benefits while working. In this
framework, we consider UI schemes that are either funded by a payroll tax or by a broad-based consumption tax, and we allow for
varying degrees of enforcement of UI eligibility.

In the payroll tax economy, there is a standard payroll tax-funded UI system with limited enforcement. Only formal workers
contribute to funding the UI program, but an endogenous share of informal workers can fraudulently claim benefits. In this setting,
there is an additional liquidity effect of Ul relative to the baseline Baily—Chetty formula that arises from the provision of consumption
insurance to some informal workers. The moral hazard effect is negative and includes the cost of more informal workers submitting
false claims as a result of greater UI benefits. An expansion of UI can crowd out private insurance, and accounting for this lowers
the potential welfare gains of Ul In addition, matches are not permanent. Accounting for immediate exogenous job separations has
an ambiguous impact on the welfare gains from UI because it reduces the magnitude of both the positive liquidity effects and the
negative moral hazard effects.

The consumption tax economy is identical to the payroll tax economy, except in that the Ul system is funded by a consumption
tax. Formal, informal, and unemployed workers all pay the consumption tax and thus contribute to funding UL In this setting, the
consumption tax required to fund additional benefits features (1) a mechanical tax base effect equal to the average UI benefit per
unit of aggregate consumption and (2) a moral hazard effect that captures the endogenous responses of formal and informal job
search and the false claim rate. If moral hazard effects are small, the marginal tax change necessary to fund additional benefits is
mainly driven by the mechanical tax base effect. Under the consumption tax, informal claimants and unemployed individuals enjoy
welfare gains from benefit receipt, while all individuals — particularly formal and informal nonclaimants — are negatively affected
by higher consumption taxes. Therefore, the consumption tax is less targeted and yields weaker welfare gains than an equivalent
payroll-tax-funded UI scheme. However, the consumption-tax funded UI scheme remains feasible even at high levels of false claims.

Third, we conduct a highly customized in-person labor force survey of 1,378 individuals in Senegal to estimate the model. Our
survey is representative of the major labor market and urban areas in Senegal and departs from typical labor force surveys in this
context because it was specifically designed to allow calibration of the key parameters identified in our models: (i) elasticities of
job search and job quit rates with respect to the benefit level for each employment status, (ii) consumption levels by employment
status, (iii) workers’ risk aversion, and (iv) the degree of informal work and enforcement. After estimating these parameters, we
provide welfare estimates for the value of UI and assess the relative importance of moral hazard versus liquidity effects.

Our calibrated model yields three main results that collectively quantify the trade-offs inherent in UI schemes in imperfect labor
markets. First, unemployment insurance can offer a robust safety net even in economies characterized by high informality and an
increased risk of false claims. An extra dollar of UI benefits yields a consumption-equivalent gain greater than 68 cents under the
payroll tax-funded scheme and 62 cents under the consumption tax-funded scheme. The magnitude of the dollar consumption gain
to a representative worker per dollar of benefits — the “dollar-on-dollar” welfare metric — significantly exceeds that for the same
model calibrated to the consumption gap in the US, under which an extra dollar of Ul is estimated to yield a consumption-equivalent
gain of 26 cents. When risk aversion is further reduced to US values, the dollar-on-dollar welfare gains from UI fall to 5 cents. Across
our experiments, we find that the gains from a small UI expansion in Senegal are approximately three to sixteen times larger than
comparable U.S. calibrations.

However, we show that false claims have two countervailing effects on welfare. On the one hand, compared to formal
employment, informal employment typically yields lower wages and consumption. Given the estimated coefficient of risk aversion in
this economy, there exists significant demand for liquidity and consumption smoothing among informal workers who derive welfare
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benefits from false claims. On the other hand, as more informal workers seek unemployment insurance, the tax burden necessary
to fund the policy grows. Consequently, as the wage and consumption differentials between formal and informal jobs narrow after
transfers are accounted for, the incentives to enter formal employment become significantly distorted by the UI policy, resulting in
diminished gains.

Second, we examine how the effectiveness of UI varies with the severity of false claims between equivalent payroll and
consumption tax financing schemes. We observe that the payroll tax financing scheme delivers greater welfare gains than the
consumption tax scheme for lower levels of false claims. However, when the false claim rate exceeds 80% of informal workers,
the tax burden becomes so large that a payroll tax system becomes infeasible—that is, no tax rate can satisfy the government
budget constraint, given households’ equilibrium responses. Alternatively, a UI system funded through VAT or consumption taxes,
while generally offering lower welfare benefits than a payroll tax-funded system, remains feasible even when fraudulent claims are
severe. It has a broader base and ensures a minimum welfare level under the most adverse conditions.

Third, we consider the impact of the degree of formality on our analysis. At levels of formal employment lower than those
reported in our survey — such as 12.5%, which may align more closely with the actual share of formal workers beyond urban
settings —, the tax burden on formal workers is so large that, even with low levels of false claims around 20%, the payroll tax-
funded UI scheme might be infeasible. In these scenarios, consumption tax financing is less effective but remains feasible because
of the reduced moral hazard effects. Conversely, as the economy becomes more formalized, we observe the standard outcome that
a payroll tax is the most efficient instrument to finance UL

Literature. Our paper contributes to three strands of the UI literature. First, our paper accounts for enforceability constraints in
estimating the potential welfare gains from — and optimal financing mechanisms of — UL Existing structural and semistructural
models of Ul in middle- and low-income countries acknowledge the importance of informality, but most do not directly model
enforceability constraints. Bosch and Esteban-Pretel (2015) examine the implementation of a Ul scheme in an environment with
high informality using a search and matching model calibrated on Mexican data and find that the UI scheme’s design and
execution significantly influence its effectiveness. Doornik et al. (2018) estimate that eligibility for UI in Brazil significantly increases
unemployment inflows and that such behavior is related to workers shifting sectors toward informal employment. In contrast, Gerard
and Gonzaga (2021) study the Brazilian context and find that the efficiency cost of UI benefits may not be higher in countries with
high informality than it is in more formalized economies because reemployment rates in the formal sector remain low regardless
of the UI policy design. Similarly, Margolis et al. (2015) estimate low degrees of efficiency losses in the presence of informal work,
although they assume very high levels of UI policy enforceability.

Second, thanks to our customized survey, our study is among the first to quantify the welfare gains of UI and the relative
importance of the moral hazard and liquidity channels for low-income African economies. Existing empirical evidence focuses mostly
on Latin American and Caribbean (LAC) countries, as these offer institutional and data environments conducive to the study of UL!
Although the ample evidence of moral hazard effects and enforcement constraints of UI in the Brazilian and LAC context could be
informative about the impact of Ul in African countries, the notable differences in income and labor market characteristics between
the two regions indicate that specific evidence is needed on the potential effects of UI in low-income African countries. A notable
exception to the literature’s geographical focus on LAC is Liepmann and Pignatti (2021), who study UI in the Mauritian context and
find that the welfare effects of UI generosity are positive and comparatively large even when informality is high.

Third, our paper is among the first to highlight the potential merits of tapping into broad-based taxation to finance UI in low-
income countries and contributes to the strands of literature on the relative merits and efficiency of various UI scheme designs.
Existing papers focus on the optimal duration of UI schemes in low-income countries and on the importance of the eligibility criteria,
both of which are key dimensions in UI policy design. For example, Gonzalez-Rozada and Ruffo (2016) work with Argentinian data
and posit that a short UI duration should be considered when a developing country with high informality introduces a new UI
system. Our work is most closely related to that of Cirelli et al. (2021), who examine individual savings accounts funded by payroll
taxes in middle-income countries with informality. However, we depart from Cirelli et al. (2021) in two significant ways. First, we
consider broad-based taxation, such as consumption taxes, to address the binding funding constraint faced by social planners in this
context. Second, we incorporate varying rates of false UI claims arising from potential variations in the ability of the social planner
to observe informal work.

Outline. The remainder of this paper is organized as follows. Section 2 presents stylized facts about the Senegalese labor market.
Section 3 presents the theoretical framework, explains the factors that affect welfare after a marginal increase in unemployment
benefits and identifies the key sufficient statistics required to estimate the welfare gains from different UI policies. Section 4
introduces the custom labor force survey and explains our calibration strategy. Section 5 provides the numerical results and
elaborates on their implications. Section 6 addresses the main caveats of our analysis. Section 7 offers concluding remarks.

1 Such empirical studies include the work of Carvalho et al. (2018), who find evidence in Brazil consistent with workers having an incentive to strategically
induce their own layoffs so that they can collect benefits. The authors estimate that such layoffs account for 11%-13% of the average dismissal rates of eligible
workers. Gonzaga (2003) argues that UI in Brazil incentivizes collusion between employee and employer in fake layoff schemes to collect UI benefits. Hijzen
(2011) finds that the formal labor market turnover effects of UI in Brazil are absent near the spike in the formal sector reemployment rate around benefit
exhaustion, which is consistent with job losers taking up informal jobs while receiving Ul. Chahad and Fernandes (2002) find evidence that UI benefits increase
the duration and frequency of nonparticipation in the labor market.
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Fig. 1. Formality Status of Workers and Firms in the Senegalese Labor Market.

Notes: This figure shows the shares of formal and informal firms (on the left) and the shares of formal and informal workers (on the right). The shares of formal
workers in firms are shown in black and those of informal workers in white. Informal workers are workers with no formal, written work contract. Informal
firms are firms with no formal accounting system and no formal registration. The graph uses the pooled quarterly ENES data from between 2015 and 2019.
Each observation is a household member in a chosen enumeration area. The analysis sample includes only individuals in the labor force.

2. Four facts about the Senegalese labor market

This section presents four facts that characterize the Senegalese labor market and provides insights into the institutional setting
behind our study. These facts motivate the models that we write in Section 3.

We construct these facts using data from nationally representative consumption and labor force surveys: the Enquéte Harmonisée
sur les Conditions de Vie des Ménages 2018-2019 (EHCVM) and the Enquéte Nationale sur UEmploi au Senegal 2015-2019 (ENES). The
EHCVM is similar in spirit to the Living Standard Measurement Surveys (LSMS) conducted in several low-income countries. The
data were collected through a 2-stage sampling methodology: 598 enumeration areas (EAs) were selected in the first stage, and 12
households were randomly selected in each enumeration area in the second stage.? The ENES consists of 12 waves of quarterly,
nationally representative labor force surveys from between 2015 and 2019. The survey uses a rotating panel of households.?

Fact 1: The Senegalese labor market is characterized by high informality. As shown in Fig. 1, the share of formal workers, defined as
those with a formal, written work contract, is 10.36% in the pooled ENES, and the share of formal firms, defined as firms with
a formal accounting system or a formal registration, is only 8.25%.* These numbers are broadly in line with the formality levels
documented in the labor literature on sub-Saharan Africa (see, for example, Rodriguez-Castelan and Vazquez (2022)).

Fact 2: There are many undeclared informal workers in formal firms who could falsely claim ui. Panel A of Fig. 2 shows the firm formality
status for formal and informal workers. A total of 50.7% of formal workers in the labor force surveys are in firms with no formal
accounting or registration, while 3.5% of informal workers are in formal firms. Panel B of Fig. 2 shows the formality status of
workers in formal and informal firms. The graph shows that 38% of workers in formal firms do not have a formal contract. These
two panels help us contextualize the rate of false claims in our model work in Section 3. The government can observe the firm’s
formality status (based on registration records and mandatory fiscal reporting) but has little to no information on the status of
informal workers. Therefore, workers in formal firms with no formal contract could potentially falsely claim UI benefits under a
standard UI scheme that targets formal workers who lose their jobs.> This suggests that there is significant scope for false UI claims
in Senegal.

2 The total survey sample size is 7,156 households, with 3,941 being from urban areas and 3,215 from rural areas, representing a total of 66,120 individuals.
The EHVCM is a rich dataset covering education, health outcomes, employment, nonemployment income, savings and credit, food consumption, food security,
nonfood consumption, nonagricultural enterprises, housing, assets, transfers, shocks and survival strategies, safety nets, agriculture, livestock, fishing, agricultural
equipment and relative poverty.

3 The ENES covers (i) demographic information on education, gender, age, and family structure; (ii) information on employment status, contract structure,
industry, occupation, earnings, working hours, formality type, tenure in the current job, and any changes in employment over the past three months; (iii) job
search behavior with information on whether respondents engage in job search activities, the methods they employ in their job search, reasons for not actively
seeking a job, and success in finding employment; (iv) consumption expenditures with information on the amount of money spent on food and beverages,
utilities, and housing and any changes in these expenditures over the past few months; and (v) savings and borrowing with information on the methods used
for saving and borrowing, the amount saved or borrowed, and whether the borrowing channels are formal or informal.

4 The share of informal workers in the labor force stays around 8%-12% under alternative definitions of informal work commonly used in the literature,
namely, (i) whether the worker receives a pay stub from her employer and (ii) whether the employer makes pension contributions, as in Rodriguez-Casteldn
and Vazquez (2022). We do not use the definition based on pension contributions in our main analysis, since the provision of insurance to formal workers is
precisely the focus of this study. Nevertheless, using that definition would have no material impact on our analysis.

5 These undeclared workers in the formal sector can submit false UI claims if they can produce false payslips in collusion with their employer while not
contributing to a payroll tax-funded scheme.
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Fig. 2. Formality Status of Workers and Firms by Worker and Firm Type.

Notes: This figure shows the firm formality status of formal and informal workers (panel A) and the contract formality status for workers at formal and informal
firms (panel B). The formal shares are shown in black and the informal shares in white. Informal workers are workers with no formal, written work contract.
Informal firms are firms with no formal accounting system and no formal registration. The graph uses the pooled quarterly ENES data from between 2017 and
2019. The analysis sample includes only individuals in the labor force.
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Fig. 3. Distribution of Income, Consumption, and Assets by Work Status.

Notes: This figure shows the median, 25 percentile and 75 percentile of monthly consumption per capita and monthly income (on the left) and assets per
capita (on the right) for formal workers, informal workers, and unemployed individuals. Formal workers are wage earners with formal, written work contracts.
Informal workers are wage earners with no written contract. Unemployed individuals are individuals aged 15 or above with no job who are actively looking
for a job or are not looking for one for involuntary reasons. Bars in white are for formal workers, those in light gray are for informal workers and those in
dark gray are for unemployed individuals. The horizontal bold lines represent median values. The horizontal lines at the bottom and top of the bar graphs
correspond to the 25 and 75 percentiles, respectively. Consumption per capita is calculated as reported household consumption divided by reported household
size. Income is calculated as the sum of reported income and work benefits such as bonus payments, transportation subsidies, and meal subsidies. Assets per
capita are calculated as the total value of reported household assets divided by household size. The analysis sample is the set of respondents aged 15 or above
in the EHCVM 2018/2019. The raw values given in CFA francs are converted to US dollars using a purchasing power parity exchange rate of 1 USD = 219.13
CFA francs.

Fact 3: There are significant gaps in income, consumption, and assets across work statuses. As shown in Fig. 3, the gap in median monthly
income between formal and informal workers is 65% (or $502): workers with formal contracts have median earnings of $776 per
month, while informal workers have a median income of $274 per month.® The gap in median monthly consumption per capita
between formal and informal workers is 38% (or $120 per month): formal workers have median consumption per capita of $316 per
month, while informal workers have a median consumption per capita of $196 per month. The gap in consumption per capita and
assets between informal workers and unemployed individuals is rather low, despite the latter group’s lack of income. These gaps
in income, consumption, and assets point to the potential importance of consumption-smoothing liquidity effects from additional
social insurance in the Senegalese context.

Fact 4: Informal networks are a significant form of insurance for workers. Reported informal transfers account for 5%-8% of household
consumption on average in the EHCVM data (panel A of Fig. 4), while transfers sent by households are much lower on average.
In terms of workers’ coping strategies after job loss, panel B of the same figure shows that, on average, 17% of workers with job
loss report turning to friends and family as a coping strategy. This coping strategy represents the third most-used strategy and is
more common than the alternatives typically considered in developed settings. Unsurprisingly, strategies such as selling assets or

6 The currency of Senegal is the CFA franc of the West African Monetary and Economic Union; however, we express money in USD PPP units for ease of
comparison, where 1 USD = 219.13 CFA franc in PPP.
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Panel G: Survival strategies of unemployed individuals
Panel A: Transfers Panel B: Coping strategles after job loss

Employment status

‘Share of unempioyed indiduals (%)

Share of o

= Q Q | : Hﬂﬂﬂﬂﬁmmﬁﬁi

FEF

Transfers Received Translers Sent

Fig. 4. Informal Transfers Received and Coping Strategies After Job Loss.

Notes: Panel A shows the median, 25 percentile, and 75 percentile of informal transfers received and sent (as a share of household consumption) for formal
workers, informal workers, and unemployed workers. Formal workers are wage earners with formal, written work contracts. Informal workers are wage earners
with no written contract. Unemployed individuals are individuals aged 15 or above with no job who are looking for a job or are not looking for work for
involuntary reasons. Bars in white are for formal workers, those in light gray are for informal workers, and those in dark gray are for unemployed individuals.
The horizontal bold lines represent median values. The horizontal lines at the bottom and top of the bar graphs correspond to the 25 and 75 percentiles,
respectively. The analysis sample for panel A is the set of respondents aged 15 or above in the EHCVM 2018/2019. Panel B shows the share of workers who
report using the coping strategies presented on the x-axis of the figure when they lost their jobs. The analysis sample for panel B is the set of respondents aged
15 or above in the EHCVM 2018/2019 and in the EHCVM 2021/2022. The sample is restricted to individuals who lost their jobs and reported such job loss
as a major event in the last 3 years preceding the survey. Panel C reports the share of unemployed individuals who report using the option presented on the
x-axis as their main survival strategy. The analysis sample for panel C is the set of respondents aged 15 or above in the EHCVM 2018/2019.

engaging in other activities are seldom reported and do not seem to be a viable option in an environment where asset endowments
are small and labor market frictions might limit other work opportunities. Panel B also highlights that a large share of workers has
no recourse to any coping strategy upon losing a job. This suggests the presence of intrahousehold risk insurance, which is confirmed
by panel C: essentially all unemployed workers report relying on family members to survive and satisfy their basic needs.

This section established four facts about the Senegalese labor market: high informality, significant scope for false UI claims,
large consumption gaps, and informal networks. In the following, we develop and estimate the welfare gains from UI in economies
consistent with these facts.

3. Model
3.1. The baseline Baily—Chetty model without informality

We build on Baily (1978), Chetty (2006), and Landais et al. (2018). Following Landais et al. (2018), the economy is populated
by a unit measure of ex-ante identical workers and a representative firm. There is a single final consumption good which is the
numeraire.

3.1.1. Environment

Agent’s problem.  All workers are initially unemployed and search for a job. They choose search intensity s, € [0, 1] for a formal job,
normalized to equal the probability of finding a formal job. They incur a cost for the search effort wi(sy), where ve() € C2([0.1]) is
positive valued, strictly increasing and convex. Some agents find jobs and become formally employed during the period (subscript
f), while others do not and remain unemployed (subscript «). Jobs last during the whole period (i.e., forever). We assume initial
assets a are exogenous.

The representative firm operates a production technology that is linear in labor, and so the wage w is constant and is unaffected
by UI policies.” Since there is a unit measure of workers who are initially unemployed, and s, find a job, total employment at the
firm is given by s .

Unemployed agents receive an unemployment benefit that is fraction b of the wage, bw ;. Formally employed workers pay payroll
taxes rw, that are used to finance the unemployment benefit. Let ¢, = a + (1 — 7)w, denote the formal workers’ consumption and
¢, = a+ bw, denote the unemployed agents’ consumption. The agents’ utility function v(-) € C([0,1]) is increasing and strictly
concave.®

Given a replacement rate b and payroll tax 7, the representative worker chooses a search effort to maximize

V(b,7)= sfrg?(fl] sfv(a+(l - T)LU/-) + (=5 (a+ bw/-) —wy(sy) (€D)

7 There is a linear, labor-only formal production technology y(s 7)=2;5;, and so z; = w,. All workers are equally productive.
8 To show comparative statics on job search elasticities, we need search cost to have two continuous derivatives, while the utility of consumption may just
be continuously differentiable.
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Planner’s problem. The Ramsey planner’s problem is to choose the replacement rate b and payroll tax r that maximizes the expected
utility of the representative worker subject to agents’ optimality conditions and such that the benefits paid equal taxes collected.’
Social welfare is then given by

W= max spo(a+(=Dws)+(1=sp)v(a+bws)—y(sy) 2
(b,7)€l0,1]*

s.t. l//}(Sf)ZU(a+(1—T)LUf)—U(a+be) or st{O,l}
spr=(1=57)b
0<s;<L

We analyze this problem and show, as in Chetty (2008), that the effect of unemployment benefits can be decomposed into liquidity
and moral hazard effects.

3.1.2. Liquidity and moral Hazard effects
Proposition 1. Suppose that the solution of the planner’s problem is interior, then the marginal effect of an increase in the benefit

replacement rate on social welfare is
aw

5 = we(l=s;) (V) —0'(cp) + wfu’(cf)es/,,, 3)
—_—
liquidity effect moral hazard effect
d , . .
where e % % is the elasticity of formal employment with respect to the replacement rate.

The proof is a standard application of the envelope theorem and is presented in Appendix A.

Unemployment insurance affects social welfare through two channels. On the one hand, the liquidity effect depends on the
difference in marginal utilities between employed and unemployed states. On the other hand, the tax levied to finance the UI
program reduces the attractiveness of formal employment, leading formal workers to transition to unemployment. This effect is
proportional to the elasticity of formal employment with respect to the replacement rate and dampens the welfare gains from
insurance.

3.2. A Baily—Chetty model with informality and false claims

Motivated by Facts 1 and 2 in Section 2, we add informality (subscript i) and false claims (subscript ¢) to the baseline Baily—Chetty
model. At the beginning of the period, jobless workers search for informal jobs and formal jobs with search intensity (s;,s ) € [0; 172
and s; +s, < 1. We assume that the search effort is separable; w,(s ;) +w;(s;), where (w,,y,) € C2([0.1])* are positive valued, strictly
increasing and convex. The production technology of the informal sector is linear, and informal wages are lower than formal wages
w; < wy. With probability 4 € [0, 1], informal workers can submit false UI claims and receive Ul benefits while working. The share
of false claimants is endogenously determined by a cost to avoid being monitored and discovered ¢(1) paid by informal workers,
where ¢ is positive valued, strictly increasing and convex. Payroll taxes are only paid by formal workers. Let ¢;, = a + w; + bw,
denote the informal claimants’ consumption and c;,. = a + w; denote the informal nonclaimaints’ consumption.

The planner’s problem is to choose the replacement rate » and payroll tax paid by formal workers = that maximize the expected
utility of the representative worker subject to the agents’ optimal formal and informal work search effort and false claim rate, such
that the benefits paid equal taxes collected. Social welfare is then given by

W= max s;v(a+(-1ws)+s; (Av(a+w; +bws)+ 1= Do (a+w) - p(A)
(b,7)El0,1]
+(1=sp—spvla+bwy) —welsy) —w;(s;) @
s.t. y/;(sf) =v(a+(U-0w;)-v(a+bw;) or s;e{0,1}
wi(s)=Av(a+w;+bw;)+(1— v (a+w;) —v(a+bwy)
— @A) or s; € {0,1}
P =v(a+w+bw;)—v(a+w;) or Ae{0,1}
spr=0 =5, =1 =D s)b
OSSfSI, OSSfSI, OSSf+s,~51, 0<A<1.

We can then derive the liquidity and moral hazard effects of unemployment benefits.

9 Our objective is identical to the static social welfare function maximized in Landais et al. (2018), and we therefore adopt the language and interpretation
applied in that study. It is equally valid to interpret Eq. (2) as the expected utility of unemployed agents.
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3.2.1. Liquidity and moral Hazard effects with informality

Proposition 2. Suppose that the solution of the planner’s problem is interior, then the marginal effect of an increase in the benefit
replacement rate on social welfare is

% =w; [As; (V) =V (ep)) + (L =5, = sp) (U (e,) = V(ep)] + (5)
liquidity effect
wv'(ep) [(1 —si(L= D) ey 51 = Dy su,ﬂsi],
moral hazard effect
where E s Esph = d—Sb’ s_b,’ and e, ), = %% represent the elasticities of formal employment, informal employment, and false claims with respect

to benefits, respectively.
In addition, the moral hazard effect is negative.

The proof is presented in Appendix A. The liquidity effect depends on the marginal utility gap between formal employment and
the two statuses in which benefits can be claimed, namely unemployment and the informal claimant status. That is, there is an
additional liquidity effect relative to the baseline Baily—Chetty formula that arises from providing consumption insurance for some
informal workers.

The moral hazard effect is proportional to the elasticities of formal employment, informal employment, and false claims with
respect to benefits. Since ¢, b <0.8 <0 and —¢,, < 0, the moral hazard effect from an increase in the benefit replacement rate
reduces welfare.

3.3. Crowding out of private transfers by public insurance
As shown in Fact 4, informal networks are a significant form of insurance for workers in Senegal. An expansion of Ul can crowd
out this private insurance (Cox and Fafchamps, 2007). We capture these facts in a setting of our Baily—Chetty model with informality

and false claims from Section 3.2 by allowing claimant assets (both the unemployed and informal claimants’ assets) to respond to
UI benefits according to a (bw, ), where a’ < 0. Specifically, we set a (bw,) = a— pbw, s0 a (bw,) = —u.

Corollary 3. Suppose that the solution of the planner’s problem is interior, then the marginal payroll tax to fund the additional benefits

db satisfies
dt 1 [
— =—|l=-s,—(1=-A)s;,—¢€ —(1=A)s; (e, p—€ +e As-] 6)
f b sisb spib Ab
db Sf 1 Sf 1 ( S, S'f ) 1
and the marginal effect of an increase in the benefit replacement rate on social welfare is given by
dw d
D —w, [—s/.U’ (¢s) d—z + 540 () (1= + (1= 5, —s,) V' (¢,) (1 —;4)] . %)

The proof is in Appendix A. This corollary illustrates how the crowding out of private insurance by public insurance (via the
term —u = a’ (bw ) < 0) reduces the welfare gains from UL

3.4. Job separations

In our analysis thus far, we assumed that jobs last forever. We now incorporate exogenous job separations in our model from
Section 3.2. To maintain tractability, we keep the problem static and assume that shares 6; and 5, of workers who find a job in the
informal and formal sectors, respectively, lose it immediately, before they start working. Given a benefit replacement rate » and
income tax rate 7, the representative agent’s problem is therefore

Vb,r)= max (1-87)s;v(a+1—thws)+ 1 =6)s; [Av(a+w,+bws)+ (1 - Do (a+w,)

(Yf,S,‘)E[U,l]Z
sp+sisl

D]+ A - (A =67)s; — (1 =6)sva+bwy) —welsy) —wils)), (8)
and the new government’s budget constraint is

(1=8p)s,7=(~(1=8p)s; — (1= A)(1=-8)s)b. ©)

Corollary 4. Suppose that the solution of the planner’s problem is interior, then the marginal effect of an increase in the benefit replacement
rate on social welfare is
d

d_y: =w; [41=8)s; (V) =) + L= =8)s; = (1 =8/)s) (V(e,) - u’(cf))l+ (10)

liquidity effect
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w(cp) [(1 = (1= 6)s5,(1= D) &5, + (1= 8)5,(1 = Dy = £330 = 8)s,

moral hazard effect

The proof is presented in Appendix A. The corollary highlights that exogenous job separations have an ambiguous impact on the
welfare gains from UI, as they reduce the magnitude of both the positive liquidity effects and the negative moral hazard effects.

3.5. A model of consumption tax-funded UI with informality

We now study a model that is identical to the payroll tax economy shown in Section 3.2, with the difference that UI benefits
are now funded by a consumption tax ¢ € [0, 1] levied on all consumption.

The planner’s problem is to choose the replacement rate » and consumption tax ¢ that maximize the expected utility of the
representative worker subject to the agents’ optimal formal and informal work search effort and false claim rate, such that the
benefits paid equal taxes collected. Social welfare is then given by

w = 1- i [Av (1= i+ b
(b’tgrel?él]zsfv (( t)(a+ wf)) +5; [ v (( t(a+ w; + wf))

+1 = o (A -a+w,)) - ¢(A)]
+ (L=sp—spu((1 —Da+bwp)) —w,(sp) —wilsy) an
s.t. u/}.(sf) =v(l-n@a+wp)—v(d-nN@+bws)) or s;e{0,1}
w!(sp) = v ((1=na+w; +bwy)) + (1 - Do ((1 - na+w))
—v (A =0(a+bws)) — (A or s; € {0,1}
¢ =v(d-na+w+bwy))—v((l-nNa+w)) or Ae{0,1}
Ha+swi+spwp)=1-01-s; = (1= 21)s)bwy
OszSI,OszSl,Osz+s,-S1,0S/1$1.
For a given consumption tax 1, let ¢, , = (1 =n)(a+w; +bw;), ¢;c, = (1 =1)(a+w; +bwy), ¢, = (1 =)a+wy), and ¢, = (1 -t)(a+bw)

respectively denote consumption in the formal, informal claimant, informal nonclaimant, and unemployed statuses. Aggregate
consumption is defined as

Q=spcr+ A0, + A=) siCie, + (1= 57— 5;) ¢y (12)
where Q captures the taxation base for the consumption tax. The following proposition clarifies its role in funding UL

Proposition 5. Suppose that the solution of the planner’s problem is interior, then the marginal consumption tax needed to fund the
additional benefits db satisfies

dat (I=s;=(=s)ws sy 1dQ
T o a\sey tOm D el Jse mig Ty 42
mechanical effect behavioral effect

and the marginal effect of an increase in the benefit replacement rate on social welfare is given by

dw dt dt
TR a-nd ((1 - t)cincJ) (_Ecinc,t> +s;40" ((1 - t)ciC.t) (_Ecicsf +- l)wf) a9
informal nonclaimant status informal claimant status
dt dt
50 (U=nep,) (= G5ers) +(1=sp =) 0/ (1 =1ey,) (= Spew+ (1 =D, )
formal status unemployed status

The proof is presented in Appendix A. First, the consumption tax required to fund additional benefits features (1) a mechanical
effect equal to the average UI benefit per unit of aggregate consumption and (2) a behavioral effect that captures the endogenous
responses of formal and informal job search, the false claim rate, and the resulting change in the taxable consumption base. Absent
the behavioral effect, we see — from the denominator of the mechanical effect — that a larger base of taxable consumption lowers
the marginal tax increase required to fund the UI benefits db. In addition, the behavioral effect is proportional to the elasticities of
search and informal claiming to the benefit. Therefore, if the moral hazard effects are small, we can expect the marginal tax change
needed to fund additional benefits to be mainly driven by the mechanical tax base effect.

Second, the marginal effect of an increase in the benefit replacement rate on social welfare is composed of several potentially
offsetting effects. Higher consumption taxes lower the welfare of those in the formal and informal nonclaimant statuses, since they
pay the consumption tax without receiving benefits. At the same time, those in the informal claimant and unemployed statuses
enjoy welfare gains from benefit receipt; however, they also must pay taxes on the added consumption arising from these benefits.
These terms reflect the less targeted nature of consumption taxes (i.e., unemployed agents are part of the tax base, and benefits are
taxed when they are spent).
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3.6. Consumption tax evasion

As most workers in the labor force in Senegal are employed in the informal sector, part of their production is likely to be sold
in the informal market, as in Bachas et al. (2023). Thus, some portion of the consumption across all agents is not subject to a
consumption tax.

We capture these facts by differentiating food and nonfood consumption in the consumption-tax model of Section 3.5. Let v,
v;» and y, denote the share of consumption spent on food by formal, informal, and unemployed workers, respectively. We assume
that these shares are fixed and exogenous and that food consumption is purchased in the informal market and cannot be taxed. The
taxable consumption base then becomes

Q=s; (1 - y/-) cpytAs; (1 - y,—) Cieyt(1=A)s; (1 - y,-) Cines + (1 -y = s‘-) (1 - y“) Cuy (15)
and the government budget constraint becomes
1= (1-s;—(1—A)s;) bwy. (16)

The following corollary establishes the impact of consumption tax evasion on the potential gains from UL

Corollary 6. Suppose that the solution of the planner’s problem is interior, then the marginal consumption tax needed to fund the additional
benefits db satisfies Eq. (13) with the definition of the taxable consumption base (15), and the marginal effect of an increase in the benefit
replacement rate on social welfare is given by

aw dt
E =sfu/ [cf’t (1 —t(1 - }’f))] (_E (1 - yf) Cf,t)
+ S,’(l -4 v’ [Cinc,t (1 -1l - }’,-))] (_% (1 —}’,') Cinc,t)
5,00 [eieq (1= 10 = 1) (raawy + (1= 1) (—%c,-c,, +-nuw,))

+ (1=sy =) 0 feus (1= 10 = 7)] (rutoy + (1= 1) (—%cu,, +(-nw,)) %)

The proof is in Appendix A. When benefits expand and consumption taxes rise, the tax burden depends on the relative values
of y,,7;, and y,. When low consumption agents have high food consumption shares, taxes are more targeted and welfare gains are
larger. In other words, consumption tax evasion by poor households amplifies the welfare gains from UL

4. Data and calibration
4.1. Survey design

To calibrate the key model parameters in Section 3, we conducted a custom survey with a representative sample of the urban
population in Senegal. This approach aligns with common practices for labor force surveys conducted in low-income countries,
which primarily focus on urban areas.!® Thus, we abstract from the spillover effects of labor market policies on rural migration
emphasized in the literature (Harris and Todaro, 1970; Imbert and Papp, 2020). Furthermore, rural areas, where agricultural workers
are typically found in Senegal, have dedicated government programs, such as agricultural input subsidies, which could mitigate any
potential effect of UI on rural-urban migration.'!

The survey design follows a stratified random sampling approach. First, we define the population of the study as all active
workers, which are individuals aged 15 or above, in Dakar, the capital of Senegal. Second, we use enumeration areas (EAs) as our
primary sampling units (PSUs), as defined by the national statistical agency during the 2013 population census of Senegal. These
EAs are distributed across the five districts in the region of Dakar: Dakar district, Guediawaye, Keur Massar, Pikine, and Rufisque.
We randomly select 23 EAs from the set of 129 in Dakar. Third, within each selected EA, we randomly sample 15 households. The
survey thus covers all individuals aged 15 and over within these selected households. In total, we survey 1,378 individuals across
345 households.

Table 1 compares key demographic variables, employment, and job search characteristics for two groups: the sample of
respondents from our survey (columns (1)—(3)) and the urban respondents from the nationally representative labor force surveys
conducted by the ANSD (columns (4)-(6)). The sample displays a relatively balanced distribution across general demographic
variables, age groups, and reasons for no job search. However, respondents in our custom survey are notably more educated, more
likely to be employed, more likely to be in the formal sector and earn on average higher wages than respondents in the national
labor force surveys. These disparities in employment and socioeconomic characteristics can be attributed to two factors: (i) our
survey was conducted in the Senegalese capital, which is the largest urban area and noted for its high literacy, and (ii) the timing
of our study (May 2022) was different from that of ANSD, which was conducted between 2017 and 2019. We account for these
differences when we study how our results depend on the size of the formal sector in Section 5.2.3.

10 In our context, it would be prohibitively expensive to create a labor force survey covering both urban and rural workers.
11 gee the discussion of agricultural workers and the reasons for their exclusion in the analysis in Section 6.

10
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Table 1
Comparison of summary statisticc — Custom Survey vs. Urban Population of Labor Force Surveys.
Custom Survey Urban Population of LFS
Mean SD Obs. Mean SD Obs.
@ 2) 3) “@ %) (6)
General Characteristics
Is male (0/1) 0.48 0.50 1314 0.45 0.50 50597
Is household head (0/1) 0.24 0.42 1314 0.21 0.41 50597
Education
No education (0/1) 0.17 0.38 1199  0.49 0.50 50597
Highest level of education is primary (0/1) 0.23 0.42 1199 0.16 0.36 50597
Highest level of education is secondary (0/1) 0.40 0.49 1199 0.31 0.46 50597
Highest level of education is tertiary (0/1) 0.19 0.40 1199 0.04 0.20 50597
Age
Age is less than 25 yrs (0/1) 0.30 0.46 1373  0.36 0.48 50597
Age is 25-34 yrs (0/1) 0.24 0.43 1373 0.21 0.41 50597
Age is 35-44 yrs (0/1) 0.16 0.37 1373  0.16 0.37 50597
Age is 45-54 yrs (0/1) 0.13 0.33 1373 0.11 0.32 50597
Age is 55+ yrs (0/1) 0.17 0.38 1373 0.15 0.36 50597
Employment
Paid employment (0/1) 0.47 0.50 1309 0.43 0.49 50597
Unpaid employment (0/1) 0.09 0.29 1309 0.03 0.16 50597
No employment (0/1) 0.45 0.50 1309 0.54 0.50 50597
Labor Force Only
Formal employment (0/1) 0.17 0.37 900 0.12 0.32 27211
Informal employment (0/1) 0.51 0.50 900 0.64 0.48 27211
Unemployed (0/1) 0.32 0.46 900 0.24 0.43 27211
Salary
Reported salary (in $ PPP) 534 515 1309 368 609 7534
Receives non-wage benefits (0/1) 0.20 0.40 616 0.27 0.44 8683
Job Search
Reason for no search is voluntary (0/1) 0.52 0.50 601 0.53 0.50 22102
Reason for no search is involuntary (0/1) 0.48 0.50 601 0.47 0.50 22102

Notes: This table shows the mean (“Mean”), standard deviation (“SD”), and number of observations (“N”) for our
survey sample (1378 respondents) and the sample of urban respondents in the different rounds of the quarterly
Enquéte Nationale sur ’Emploi au Senegal (ENES) national labor force survey conducted by the Agence Nationale
de la Statistique et de la Démographie (ANSD) in Senegal between 2017 and 2019. Columns (1)—(3) correspond to
our custom labor force surveys. Columns (4)—(6) correspond to the ENES. The number of observations corresponds
to the number of non-missing values for each variable. The mean and the standard deviation are both unweighted.
Both samples are restricted to respondents aged 15 years or above and living in urban areas. See Appendix B3
for definitions of key terms related to employment, the labor force, and job search. The raw monetary values
given in CFA francs are converted to US dollars using a purchasing power parity exchange rate of 1 USD =
219.13 CFA francs.

The survey includes a range of modules covering demographics, employment, job search, consumption expenditures, savings
and borrowing, risk aversion, and general opinions and attitudes toward UI. Data Appendix C provides more detail on the survey
components.

Table C2 presents summary statistics on employment status and (in)formality. Using these data, we replicate the composition
of Senegal’s labor force, which serves as a key input for our estimates. The labor force in our study area breaks down into 16.95%
formally employed individuals, 51.29% informally employed individuals, and 31.76% unemployed individuals actively seeking
employment.

Table C3 summarizes survey responses for salary and household consumption expenditures. In line with the definitions used by
ANSD, we define the active population as all individuals aged 15 years or above and define the labor force as all active individuals
in paid employment, actively searching for a paid job while being unemployed, or not searching for a job for involuntary reasons.
The unemployment rate is thus defined as the share of the labor force represented by individuals actively searching for a paid job
while being unemployed or not searching for a job for involuntary reasons.'? In Table 5, we consider an alternate, stricter definition
of unemployment that drops those not searching for a job for involuntary reasons. We then construct information on individual
consumption by employment status, another crucial input for our model. We find estimates of average consumption values of $339
for formally employed workers, $252 for informally employed workers, and $158 for unemployed individuals. The consumption
gap between formally employed workers and the unemployed is 53%.

Our survey data indicate that a significant proportion of individuals in our context exhibit relatively high risk aversion. In this
section and the remainder of the paper, we assume v(c) = CIIT_: and we estimate an average risk aversion coefficient ¢ = 3.519 for

12 please see Appendix B3 for detailed information on the study context and definitions of key terms related to the Senegalese labor market.

11
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Table 2
Model parameters.
Parameter Description Value Notes
o CRRA parameter 3.519 Consistent with Halek and Eisenhauer (2001)
s Employment share 0.6824  As fraction of total labor force
sy Share of formal workers 0.1695  As fraction of the total labor force
S, Share of informal workers 0.5129  As fraction of the total labor force
Sy Unemployment share 0.3176  As fraction of the total labor force
£y Arc-elasticity of employment —0.06703 Computations in Appendix B4
[ Arc-elasticity of formal employment —0.01717 Computations in Appendix B4
€55 Arc-elasticity of formal employment —0.08461 Computations in Appendix B4
£, Arc-elasticity of false claims 0.19797 Computations in Appendix B4
w; Salary of formal workers 1,225.35 In $ PPP
c, Consumption of employed 277.92 In $ PPP
¢, Consumption of unemployed 157.75 In $ PPP
¢r Consumption of formal workers 339.29 In $ PPP
¢ Consumption of informal workers 251.76 In $ PPP
A Share of Ul false claims 0 Zero without UI
s Non-taxable formal consumption 0.518 As fraction of total expenditure
2 Non-taxable informal consumption 0.473 As fraction of total expenditure
Yu Non-taxable unemployed consumption 0.539 As fraction of total expenditure
u Crowd out of private insurance 0.246 Consistent with Cox and Fafchamps (2007)
5y Exogenous separation of formal workers 0.05 Lower bound of Donovan et al. (2021)
5; Exogenous separation of informal workers 0.35 Upper bound of Donovan et al. (2021)

Notes: This table shows each parameter of the model specified in Section 3, the meaning of the parameter, its
value (converted to $USD using a PPP value of 219.13 CFA francs per 1 US dollar for monetary values) when
used in our calculations, and clarifying notes on meaning or sources.

our sample. For a detailed explanation of the methodology employed to assess individuals’ risk aversion, please refer to Appendix
B1. This value exceeds typical coefficients for constant relative risk aversion (CRRA) used in macroeconomic models, emphasizing
the importance of a robust safety net in this economy. We assess the robustness of our results to lower values of risk aversion.

Last, in order to measure the potential moral hazard effects of UI expansion, we asked respondents hypothetical questions. For
a given replacement rate of X% on a base salary of Z$, provided over Y months, we asked whether individuals would quit their
formal or informal jobs:

Suppose the government puts in place a worker protection program over the next [Y] months, which would consist of offering each
unemployed person $ [X% * Z] per month during this period. Would you leave your current job (even if temporarily) during these
[Y] months?

Table 2 reports the elasticity of overall employment (g, ,), formal employment (&5, ) informal employment (e, ,), and false
claims (¢, ;) with respect to benefits.'> We compute elasticities using arc percent changes. Our elasticity of overall employment with
respect to benefits implies that a 10 percent increase in the benefit replacement rate would only lower the overall employment share
by 0.6 percent. We provide more discussion of these elasticities in Section Appendix B4.

4.2. Calibration of the welfare effects of a marginal UI expansion

Beginning with the current Senegalese economy, we compute the welfare gains from a marginal expansion of unemployment
insurance. The current Senegalese economy corresponds to a setting with zero unemployment insurance, (z,z,b) = (0,0,0). Since
b = 0, there are zero false claims 4 = 0, and informal claimants and non-claimants have identical consumption ¢;,, = ¢;. (this
common value of informal consumption corresponds to ¢;, which is observed in the data).'* We then use our survey to measure the
remaining variables (s, s;, ¢/, ¢,, ¢iye» ¢;c) @and corresponding elasticities (€52 €5, b2 €5, b2 E4b)-

Table 2 provides a comprehensive overview of the parameters, including their definitions, values, estimation methods, and
sources. See Numerical Appendix B for detailed, step-by-step explanations of how each of these parameters is estimated.

We measure the gains from small UI expansions by adapting Chetty (2006)’s method to our framework. We compute consumption-
equivalent welfare gains x from a given policy change as x = w0 db T evaluated at the current values of Senegalese policy
variables (z,t, b) = (0,0, 0). By normalizing the welfare gains by the marginal utility of the unemployed s,0'(c,) and dividing by the
$ value of marginal benefits w,db, our definition of consumption-equivalent welfare means that a $1 balanced-budget increase in
the monthly benefit level would raise each individual’s utility by the same amount as an $ x increase in the monthly consumption
of the unemployed.'® In other words, x is the equivalent exogenous transfer in the unemployed state that would yield the same
utility as UL

13 The arc elasticity of false claims with respect to benefits is proxied via the informal quit elasticity. The informal quit elasticity is an imperfect metric for
the fraction of informal agents who would alter their employment patterns in response to a UI system and potentially claim UI. However, it does not enter
any of the headline calculations in Table 4 (the b = 0 initial steady state has 4 = 0, and thus the elasticity ¢,, drops out). A direct measure of false claims is
important for future research on this topic. As we discussed in Fact 2, there are many undeclared informal workers in formal firms who could falsely claim UL

14 We account for large responses in informal claims when we quantify the effects of large UI expansions in the next section.

12
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Table 3

Large UI changes, Estimated parameters.
Var. Description Value Moment Model Data
€; Power of false claim costs 0.15 Elast. false claims WRT b 0.20 0.20
€r Power of formal search costs 0.10 Elast. formal empl. WRT b -0.02 -0.02
€ Power of informal search costs 0.55 Elast. informal empl. WRT b —-0.09 —-0.08

Notes: This describes the model moments and targets for the payroll tax economy (the model in Section 3.2) when 7 =0,6=0,4 =
0. These elasticities are also applied to the other model economies. Appendix B6 provides additional details on the estimation
as well as the values of a, g;, and a;.

Table 4
Welfare gains from an Infinitesimal UI Expansion starting from the Current Senegalese Policy Value of b= 0.
@ (2 [©)]
Welfare gain ($ on $) Welfare gain ($ on $) Percent Loss
No Moral Hazard Moral Hazard
Model of 3.1 (No informality with payroll tax) 0.83 0.86 -3.33%
Model of 3.1 Calibration to (¢, = 1.15¢,) 0.26 0.39 —-33.22%
Model of 3.1 Calibration to (¢, = 1.15¢,, ¢ = 1.75) 0.05 0.22 -76.17%
Model of 3.2 (Informality with payroll tax) 0.92 0.93 -1.18%
Model of 3.3 (Informality with payroll tax and private transfers), 0.68 0.69 -1.60%
Model of 3.4 (Informality with payroll tax and exogenous job separation) 0.93 0.93 -0.62%
Model of 3.5 (Informality with consumption tax) 0.62 0.67 -7.29%
Model of 3.6 (Informality with consumption tax and informal consumption) 0.63 0.68 —6.87%

Notes: The table shows the dollar-on-dollar gains under the three models from Section 3 for a marginal expansion of Ul In column (1), we compute the effects
using the arc elasticity presented in Table 2. In column (2), we set the elasticities of employment and false claims to 0 to obtain the welfare gains in the absence
of moral hazard, i.e., the liquidity effects. In column (3), we compute the percentage difference between columns (2) and (1) to find the impact of moral hazard
on the total welfare effect.

4.3. Calibration of the welfare effects of a large UI expansion

Our formulas of Section 3 provide a way of assessing the welfare gains from small UI expansions. For larger Ul expansions,
we compute the endogenous changes in search effort and false claims. This section summarizes our approach to computing these
counterfactual values, the details of which are presented in Appendix B6.

We proceed in three steps. First, we assume iso-elastic functions for formal search, informal search, and false claims costs:

1+

7 I+ il
() =a;,~L— D=a i gh=a i
yr(sp) =ay T vils;) = gq; 1 =4a; -

Second, we estimate these parameters to match the current Senegalese economy with (b, 4, 7) = (0,0, 0), since there is currently
no UL We calibrate {e/,¢;,¢;} to match the 3 arc elasticities measured in our survey.'® We calibrate the shifters {a r»a;} to match
the formal and informal employment shares when z = 0 and » = 0. Finally, we calibrate a, to deliver various false claims rates
A € [0, 1]. We report the estimated values and corresponding moments in Table 3.

Third, if the replacement rate b is feasible — that is, if job search choices are interior and there exists a payroll tax z(b) that
satisfies the government budget constraint given these choices — we convert the discrete welfare change, W(b, z(b)) — W(0, 0), into
a dollar-on-dollar metric similar to our approach in Section 4.2 according to x = W m

5. Numerical results

In this section, we report the welfare gains from small and large UI expansions following the methodology and calibration strategy
outlined above.

5.1. Welfare gains from a small UI expansion

AW __ L for each of the three model economies

Table 4 reports the dollar-on-dollar welfare gains from a small expansion of U, -~ PTRIEnE
f Su u

when evaluated using the current values for the Senegalese policy variables.

15 There are alternative conversions of our welfare measure, such as the marginal value of public funds found in Hendren and Sprung-Keyser (2020) or
incentive-compatible uniform consumption gains as in Ndiaye (2018).
16 We calibrate the elasticities assuming there is a payroll tax, and we use the same elasticities in all model economies.
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Table 5
Variability in the definition of Labor Force.
ANSD employment definition Strict employment definition
s Employment share 0.6824 0.8054
sy Share of formal workers 0.1695 0.2001
S Share of informal workers 0.5129 0.6053
Sy Unemployment share 0.3176 0.1946

Notes: This table shows the employment share in our custom survey based on two definitions of the labor force.
Column (1) defines unemployment based an extended definition of the labor force used by ANSD that considers
labor force participants to include both those who have actively been searching for employment and those who
have not due to reasons beyond their control. This extended definition aims to include discouraged workers and
to account for search frictions in the Senegalese labor market. Column (2) uses an alternative definition of the
labor force that excludes groups of workers who are clearly non-participants, even though they are included in
the formal definitions of ANSD (e.g., disabled workers or those on maternity leave). For both columns, informal
workers are those whose employment is not subject, by law or in practice, to national legislation, employment,
income tax, worker protection, or the right to certain benefits (regardless of the formality status of the firm).
Formal workers are workers with a formal contract (regardless of the formality status of the firm).

Payroll taxes. The welfare gains from a payroll-financed unemployment insurance expansion in Senegal are large relative to those
calculated for an economy with consumption gaps similar to those in the US. In our baseline Baily—Chetty model with payroll-

financed UI and no informality, the dollar-on-dollar gain is 0.83. A value of 22~ —L__ — (.83 means that a dollar increase in

wrdb s,V (c,

benefits yields welfare gains equivalent to an 83-cent exogenous transfer in the uflempl(()y)ed state. We then recalibrate the baseline
Senegal economy to match the U.S. consumption gap between the employed and unemployed. Most U.S. estimates of the consumption
loss after layoff lie between 5% and 15% relative to pre-displacement consumption, and we conservatively use the upper bound of
these estimates for our comparison (e.g. Stephens (2001), Saporta-Eksten (2014), and Ganong and Noel (2019)). Holding all else
fixed, when we lower the consumption gap from the current Senegal level of 40% to the U.S. level of 15%, the welfare gains fall to
0.26, or by a factor of three. This implies that liquidity effects are the primary driver of the large welfare gains from UI in Senegal.
Columns (2) and (3) of Table 4 formalize this intuition by showing that liquidity effects explain 103% of the total gains from UI,
while moral hazard effects are more muted and lower the gains by 3%.

In addition to the wider consumption gap in Senegal, there is a second factor generating large welfare gains: the high estimated
level of risk aversion. Our baseline estimate of the CRRA risk aversion parameter in Senegal is 3.519. When we jointly reduce the
consumption gap and lower the level of risk aversion to 1.75 — as used by Chetty (2008) — the welfare gains fall to 0.05, or by a
factor of sixteen. These alternative calibrations suggest that relative to the US, Senegal can achieve much larger welfare gains from
marginal expansions of UI due to greater consumption gaps and high degrees of risk aversion relative to the U.S.

The middle three rows of Table 4 show that the large welfare gains from UI in Senegal are robust to the inclusion of informality,
false claims, private transfers, and high job separation rates. First, when we add informality and false claims, the welfare gains rise
relative to our baseline economy to 0.92. Informally employed households are numerous, and their consumption gap relative to that
of formally employed households is 25%. By modeling informal employment, the payroll tax effectively becomes more targeted.
Second, we show that our results are robust to assuming a public-private crowd-out rate of 24.6%, which is at the upper end of the
estimates reported in Cox and Fafchamps (2007). Accounting for the crowding out of private transfers reduces the welfare gains
to 0.68, which is still significantly larger than the U.S. calibrations. Last, we model a probability of immediate job loss. Given that
we do not have good measures of labor market flows in Senegal, we conservatively select the job separation rates from Donovan
et al. (2021) at the top decile and bottom decile of the income distribution to proxy for §, = 0.05 and §; = 0.3, respectively. These
represent lower and upper bounds of the separation rates documented by Donovan et al. (2021) in developing countries. Accounting
for immediate exogenous job separations has little impact on the magnitude of these welfare gains.

Consumption taxes. Our second set of numerical results compares payroll tax funding to consumption tax funding. The last two
rows of Table 4 show that the welfare gains in this scenario are smaller but remain large in comparison to those from the U.S.
payroll tax calibrations. Given a consumption tax, the model with informality has welfare gains of 0.62. As discussed in Section 3.5,
consumption taxes are significantly less targeted: Unlike in the payroll tax economy, with consumption taxes, the unemployed and
informal households partially fund the UI system via consumption taxes (including taxes levied when they spend their benefits).
Columns (2) and (3) of Table 4 show that liquidity effects remain the dominant source of welfare gains, explaining 107% of the
total gains from UL In this scenario, the moral hazard effects are much smaller and lower the gains by 7%.

The last row of Table 4 shows that welfare gains from UI remain high in Senegal even when significant portions of consumption
are untaxed. When we account for untaxed informal food consumption, the welfare gains actually rise to 0.63. The welfare gains rise
because our survey estimates imply greater scope for consumption tax evasion among unemployed households. The ability of the
unemployed to evade taxes effectively improves the targeting of the consumption tax. At the extreme, if the informally employed
and unemployed avoid all consumption taxes, the economy would behave in a manner very similar to an economy under a payroll
tax-funded system.

Moral hazard. Through all of our experiments, the losses from moral hazard are modest relative to liquidity effects of Ul, ranging
from —0.62% to —7.29% for our Senegalese calibrations. However, when we calibrate to U.S. levels of consumption gaps, the moral
hazard effects become non-negligible relative to the liquidity effects and can result in losses in potential welfare from 33.22% to
76.17%.

14



A. Ndiaye et al.

PavyroLL TAX

09F 1 0.9 1
08& ‘ . 08 1
07F . 0.7 i
@ : @
8 o6} 4 Bos 1
= =
£ o051 4 £Zos 1
o0 o0
£ £
= 041 Max A 4 £S04 4
= 2
=S =S

o
w
T

o
)
T

o
T

Equilibrium — |

10

20 30 40 50 60 70 80
False claims rate A (%)

90

100

o
w

I
N}

o

o

Journal of Monetary Economics xxx (Xxxxx) Xxx

CONSUMPTION TAX

10

20

30 40 50 60 70 80 90 100
False claims rate A (%)

Fig. 5. Money-Metric Consumption Gain per Dollar of Benefits.

Notes: The figure shows the change in the representative worker’s dollar consumption gains per dollar of benefits after an increase in the replacement rate b
by 2% given changes in the share of informal workers who manage to access UI (4). The left plot represents the gains with a payroll tax-funded UI system,
in which the tax is paid by formally employed workers only; the right plot represents the gains with a consumption tax financing scheme. The dashed line
represents the A threshold over which the payroll tax-funded Ul system becomes infeasible.

5.2. Welfare gains from a large UI expansion

Our next exercise computes the welfare gains from larger UI expansions. We estimate the mean welfare gains from the
introduction of a Ul system that delivers $25 PPP in benefits and replaces approximately 2% of the average formal workers’ wage.'”
We call this a large UI expansion, since the replaced income constitutes 16% of the consumption of the unemployed and Senegal
does not currently have a Ul system.

5.2.1. Aggregate welfare gains

We measure the dollar-on-dollar gains from labor tax-funded and consumption tax-funded UI expansions, and we show how
those gains vary with the final false claims rate, 1.'®* We control the final false claims rate by varying the cost of false claims, a,, so
that after the benefit expansion, workers endogenously choose the desired level of false claims.

Our main results are shown in Fig. 5. We plot the representative worker’s dollar consumption gains per dollar of benefits when
the UI expansion is funded via payroll taxes (on the left) and consumption taxes (on the right).

In the left panel, the policy provides large welfare gains, since liquidity effects are very large (see Table 4). However, as explained
in Section 3, when a payroll tax is used to fund the policy, a trade-off emerges as the share of false claims increases. In this baseline
scenario, severe rates of false claims distort the incentives of formal workers, thereby attenuating the welfare gains derived from
the provision of liquidity to other workers. Once A reaches 80%, there is no combination of tax rates and employment shares that
satisfies both the government budget constraint and the incentives of formal workers, making the policy infeasible.

Turning to the right panel of Fig. 5, we show that the welfare gains from funding the UI expansion with consumption taxes are
smaller and decreasing in the false claims rate A. An increase in A redistributes resources inefficiently by raising the tax burden on
those with the highest marginal utility of consumption: unemployed individuals. As a result, the welfare gains fall as 4 increases.
However, the policy remains feasible even at high false claim rates.

5.2.2. Aggregate moral Hazard effects

We next explore the moral hazard effects of the large UI expansion. Fig. 6 illustrates the changes in formal and informal
employment following the introduction of UL

In the left panel, which analyzes the payroll tax economy (the model in Section 3.2), we see that raising b lowers the shares of
formal and informal workers by 6.8% and 27.7%, respectively, when A = 0. This relatively large reduction in formal employment
may dampen the gains from Ul if the government weighs formal employment as a policy objective.

Fig. 6 shows that an increase in the false claims rate has opposing effects on the two ratios. On the one hand, some informal
workers manage to claim UI benefits, which incentivizes them to remain employed. On the other hand, as the tax burden on formal
workers increases to match the higher false claims rate, the willingness to search for a formal job decreases. Above a false claim
rate of 80%, the policy becomes infeasible because there is no payroll tax rate = that both satisfies the budget constraint and is

17 This policy leads exactly to a replacement of 2.03% of the formal wages in our quantitative exercise which we refer throughout the text as 2% for simplicity.
18 While we provide an initial guess for 4 in the small Ul exercise, we face considerable uncertainty over its value; hence, we vary 4 in each experiment.
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Fig. 6. Formal and Informal Employment After Policy as a Ratio of Steady-State Values.
Notes: The figure shows the formal and informal employment shares after an increase in the replacement rate of b to 2% relative to their steady values when
b= 0. We plot the ratio as a function of the share of informal workers who manage to access UI (4). The left plot represents the changes with a payroll tax-funded
UI system, in which the tax is paid by formally employed workers only; the right plot represents the changes with a consumption tax financing scheme.
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Fig. 7. Money-Metric Consumption Gain per Dollar of Benefits for Different False Claim Rates and Levels of Formal Employment.

Notes: The figure shows the effects of a change in the representative worker’s dollar consumption gain per dollar of benefits with changes in the share of
informal workers who manage to access Ul (1) for different levels of formal employment. The left plot represents the gains with a payroll tax-funded UI system,
in which the tax is paid by formally employed workers only; the right plot represents the gains with a consumption tax financing scheme.

incentive compatible for formal workers. At that threshold, the shares of formal and informal employment decline from their levels
before the introduction of UI by approximately 14.1% and 22.5%, respectively.

In the right panel, we instead analyze the consumption tax economy (the model in Section 3.5). First, we notice that the reduction
in the formal shares is smaller than that under the payroll tax-funded system, as the shares of formal and informal employment
decline by approximately 3.2% and 22.8%, respectively, when A = 0. Like for the payroll tax economy, when the rate of false claims
increases, some informal workers manage to claim UI benefits, which incentivizes them to remain employed. However, a larger
false claims rate requires a larger consumption tax rate to be paid by all workers, and not just formal workers. Therefore, the drop
in the share of formal workers after the large Ul expansion need not be larger at higher false claim rates. When A reaches 100%,
the shares of formal and informal employment decline by 2.3% and 11.3%, respectively.

5.2.3. Feasibility of funding UI by payroll and consumption taxes

As seen above, a payroll tax-funded UI scheme might be infeasible at high levels of false claims. Here, we study how this feasibility
cutoff varies with the size of the formal sector. This section is also motivated by the fact that, as discussed in Section 2, the share of
formal workers varies with the notion of formality, in particular based on whether it is defined at the firm or at the worker level.
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ANSD defines unemployment to include a large segment of discouraged workers, and Table 5 summarizes the differences in the
percentage of formal, informal, and unemployed between the ANSD definition of employment and a stricter definition. In addition,
our dataset covers urban areas, which tend to have higher formalization rates than rural areas.

Fig. 7 repeats our numerical exercise for a range of formal worker shares.”” The left panel illustrates the adverse welfare
effects stemming from the burden imposed by the payroll tax when the proportion of formal workers is low. Specifically, at formal
employment rates below 20%, a sizable payroll tax is required to finance the UI benefits. The high payroll tax induces a moral hazard
effect, which dampens the welfare gains as the rate of false claims increases. At large values of A, these policies are infeasible, as
the share of formal workers is too low to cover the costs of financing the policy. Fig. 7 shows that with a formal worker share of
12.5%, the payroll tax-funded scheme becomes infeasible at false claim rates above 20%.

When the formal employment share rises above 20%, the welfare gains from UI are concave in the false claims rate. On the
one hand, as informal work can only partially offset the declines in consumption after a job loss, there are liquidity gains from
extending insurance to informal workers. On the other hand, when the rate of false claimants increases too much, the moral hazard
effect produced by the additional taxation surpasses the additional liquidity gains. In the figure, two of the curves have this concave
shape. At a formal rate of 20%, the maximum welfare gains are reached when only 30% of informal workers claim benefits. After
this threshold, the policy loses effectiveness. At a formal share of 30%, the policy is always feasible but reaches its maximum welfare
potential at 4 = 90%. At this formal share, there is little loss from extending insurance to informal workers. Furthermore, as informal
workers now represent a lower share of the employed, the impact of an increase in false claims (1) on both the liquidity and moral
hazard effects is smaller, given that there are fewer informal workers to claim UI benefits. Therefore, the slope of welfare as a
function of A is flatter when the formal share is higher.

In the right panel of Fig. 7, we study the implications of different formal worker shares when Ul is funded via a consumption
tax. Since the benefits are funded by a consumption tax paid by everyone, irrespective of work status, the moral hazard effects are
not as strong as they are in the payroll tax economy when the proportion of informal workers decreases. Therefore, consumption
taxes can guarantee the feasibility of UI and a minimum level of welfare gains even at very low shares of formal employment by
guaranteeing a broad base.

Taking stock. Payroll taxes can predictably provide large welfare gains irrespective of the rate of false claims when the economy is
highly formal but can be infeasible when the economy is highly informal.

6. Discussion

Before concluding, we must discuss several caveats of our analysis.

Agriculture:. As noted in Section 4, our custom survey focuses on an urban setting and does not allow us to directly model the
agricultural sector in our analysis. We address this in three ways.

First, in Fig. 7, we simulate lower formal employment shares — which can be viewed as a proxy for a larger agriculture/informal
sector — and we show that our key qualitative results persist: Payroll taxes provide greater welfare gains but become infeasible as
false claims increase, while consumption taxes are less targeted but remain feasible as false claims increase.

Second, in Section 3.6, we let informal food consumption be untaxed, which can be interpreted as subsistence agricultural
consumption (albeit in the urban context of Dakar). Given our observed shares, we find that welfare gains from the consumption
tax-funded UI system are higher when we account for informal consumption. This is consistent with Bachas et al. (2023), who find
that consumption taxes can be progressive when accounting for informal consumption.

Third, the agricultural workers in our context receive targeted support from the government through ISPs, which have been in
Senegal since 2007 and have provided subsidized seeds, fertilizers and pesticides to farmers in the country’s rural areas. These ISPs
account for approximately one-third of the budget for agriculture, which in turn accounts for 7.4% of the total national budget (IPAR,
2015). We hypothesize that this pre-existing agriculture-specific safety net will dampen any potential industry switching resulting
from an expansion of the non-agriculture safety net.

Dynamics:. Given the limitations of our data, we conduct our analysis in a static model. Several papers highlight the importance of
dynamics in unemployment insurance (Hopenhayn and Nicolini, 1997; Birinci and See, 2023). We address this in two ways.

First, in Section 3.4, we model immediate exogenous job separations in our framework. This modification effectively dampens
the gains from formal employment and generates a larger share of unemployed individuals. We show in Table 4 that it does not
materially change the quantitative or qualitative interpretation of our results.

Second, we argue that several characteristics of our data suggest a limited role for intertemporal smoothing. Chetty (2006)
shows that in a dynamic setting, a standard Baily—Chetty formula, similar to ours, still applies.?* However, the dynamic Baily-Chetty
formula should be calibrated to match intertemporal consumption/saving choices and dynamic elasticities. We hypothesize that our
static assumptions are well suited for the Senegalese context for two reasons: (i) Our survey evidence shows that benefit recipients

19 We change the share of formal workers by reallocating workers between informal and formal status while keeping the total employment rate constant
for simplicity. We do so by changing the relative costs of search, a, and g;, so that total employment remains the same and we achieve the desired split of
employment between formal and informal sectors.

20 This finding holds even with additional complications such as “arbitrary borrowing constraints, durable consumption goods, private insurance arrangements,
and search and leisure benefits of unemployment” (Chetty, 2006).
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effectively live hand-to-mouth, with extremely low asset stocks (see Fig. 3),>! and (ii) our survey evidence implies similar short-run
and long-run quit elasticities (see Table B1 of our Appendix), with the caveat that at very high replacement rate levels (above 50%),
long run and short-run search elasticities begin to diverge. For the relatively low replacement rate increases considered in this paper,
we believe a richer dynamic setting will therefore not alter our main result that small UI expansions provide large welfare gains in
Senegal and that payroll taxes — unlike consumption taxes — become infeasible as the false claims rate rises.

7. Conclusion

This paper examines the welfare effects of Ul in economies characterized by high informality and low enforcement of UI eligibility
criteria. Our survey findings indicate substantial drops in consumption following unemployment along with high levels of risk
aversion. We find that the moral hazard effects of UI are modest relative to liquidity gains, as a significant portion of employed
workers continue working even with relatively generous Ul provision. With its substantial liquidity effects and limited moral hazard
effects, UI has the potential to yield significant benefits in Senegal and other low-income African countries with similar labor
markets. Across payroll tax- and consumption tax-funded UI schemes, we estimate that an extra dollar of UI benefits in Senegal
yields a consumption-equivalent gain of 60-90 cents. This money-metric welfare gain from Ul exceeds comparable estimates for
consumption gaps and risk aversion calibrated to U.S. values by a factor of three to sixteen.

Ideally, UI would insure against the risk of income loss associated with informal work. Nevertheless, the challenges associated
with verifying the work status and income of informal workers present practical hurdles to implementing such an unemployment
insurance system. Given that the informal sector accounts for the majority of employment in Senegal, identifying the appropriate
individuals to tax for financing and distinguishing between actual unemployed claimants and informal workers posing as unemployed
claimants become daunting tasks. In a scenario where the government cannot effectively differentiate between informal employment
and unemployment, the cost of financing and monitoring UI can become prohibitively high. We show that when the share of formal
workers relative to benefits is low, a UI scheme funded by payroll taxes can become infeasible at high false claim rates.

In economies with a significant informal sector, financing a UI policy with a broad-based tax, such as a consumption tax, is a
feasible compromise. This approach mitigates the moral hazard effect associated with payroll financing and is robust against the
potential infeasibility of UI that may arise with a high payroll tax on a small formal base.

Once the economy achieves a higher level of formalization, characterized by an increased taxable base and a reduced share of
false claimants, the payroll tax financing scheme surpasses the consumption tax in efficiency, confirming the findings obtained for
economies with negligible levels of informality.

Appendix A. Supplementary data
Supplementary material related to this article can be found online at https://doi.org/10.1016/j.jmoneco.2024.103699.
Data availability

Replication and data files are available at: https://doi.org/10.5281/zenodo.13968050.
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