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Abstract: Public infrastructure investment plays a pivotal role in fostering eco-

nomic development, yet low-income countries characterized by high informality 

make limited investments. The literature underscores that informality induces 

maintaining tax rates low, depleting the already limited funds available for pub-

lic infrastructure. Within a framework that accounts for heterogeneous labor, we 

study the optimal labor-income taxation aimed at financing infrastructure. We 

develop the analysis with and without the presence of a binding legal minimum 

wage. Our findings reveal that the minimum wage increases the optimal tax rate, 

raises the income (and income share) of low-skilled workers, and induces higher 

infrastructure investments for a wide range of parameter settings. Furthermore, 

we show that in the presence of minimum wage, no clear relationship emerges 

between the beneficial impact of infrastructure on informal sector productivity and 

the share of the informal economy.
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1 Introduction

The primary aim of this paper is to examine the impact of a binding legal minimum 

wage on the relationship between optimal labor-income taxation and infrastruc-

ture investment in developing countries characterized by low per-capita income 

and high share of informal employment. We find that the presence of a minimum 

wage increases the optimal labor-income tax rate, facilitating infrastructure accu-

mulation under a wide range of calibrations. The consequent wage segmentation 

among formal and informal workers increases the size of the informal sector but 

reduces income inequality. In this scenario, the accumulation of infrastructure that 

increases productivity in both the formal and informal sectors does not necessarily 

result in an expansion of the informal sector’s share.

Although public infrastructure matters for GDP growth and welfare improve-

ment, the level of infrastructure is critically low in developing countries. Lin and 

Doemeland (2012) report that almost one billion and a half people have no access 

to electricity, while Rozenberg and Fay (2019) estimate that 663 million people do 

not have access to clean drinking water and more than 1 billion people reside more 

than 2 km away from an all-season road, facing the high cost of transport services 

that limit employment and educational opportunities.

Infrastructure investment requires a high amount of financial resources but 

developing countries have low tax revenues varying between 10 % and 20 % of GDP, 

while the average value is close to 40 % in developed countries (Besley and Persson 

2014). The low capacity of collecting financial resources is often connected to the 

high share of informal employment, about 70 % (Elgin et al. 2021), reported in many 

developing countries. Indeed, La Porta and Shleifer (2014) show that both the inten-

sive and extensive margins of the taxable income are lower in developing countries, 

with many economic activities lurking in the informal sector.

Notwithstanding the relevant size of the informal economy, the proportion of 

low-income countries adopting minimum wage legislation has been on the rise over
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Figure 1: Minimum wages, informal employment share, and tax revenues (percentage of GDP)

in developing countries. Both figures consider countries classified as low income (World Bank)

and that adopt minimum wage regulation (values in PPP on the x-axis) over the 1995–2019 period. On 

the y -axis, Figure 1a reports an estimate of the informal employment share (Elgin et al. 2021) while 

Figure 1b reports the tax revenue as a percentage of GDP (World Development Indicators, World 

Bank).

time. 1 This share moved from about 20 % in 1995, to about 50 % in 2005, to exceed 

70 % in the recent years. The presence of a binding minimum wage is expected to 

stimulate workers to join the formal sector but, at the same time, to increase labor 

costs and decrease labor demand in the formal sector. Consequently, labor market 

segmentation and higher involuntary informal employment might emerge. Indeed, 

if we report the joint distribution of minimum wage and informal employment 

share in low-income countries, as in Figure 1a, a positive relationship emerges. 2 

By reducing the number of workers in the formal sector, the minimum wage is 

expected to reduce the tax base, limiting the government’s resources, including 

those for infrastructure investment. In spite of such prediction, data reported in 

Figure 1b do not signal the existence of a negative relationship between minimum 

wage and tax revenue. 3

Starting from these considerations and empirical evidence, we build a two-

sector (formal and informal) model with heterogeneous labor (low- and high-

skilled labor) where labor-income taxation funds infrastructure investment. We

1 Data on minimum wages come from the International Labour Organization (ILO) spanning the 
years 1995–2019. To identify countries with minimum wage regulations, we consider those for 
which ILO provides a minimum wage value. Our focus is on countries classified as low-income 
countries, according to the World Bank classification, and we calculate the percentage of such 
countries with minimum wage regulations for each year.

2 Minimum wages are measured in PPP. Estimates of the informal employment shares are taken 
from Elgin et al. (2021) database. We report all the available observations for each country.

3 The tax revenue as a percentage of GDP is taken from the World Bank database.
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assume that the informal sector employs only low-skilled workers and we distin-

guish among two types of informality regimes according to the presence or not 

of a binding legal minimum wage, see Loayza (2016). When the government does 

not enforce any minimum wage (labeled the unregulated regime), the size of the 

informal sector results from an arbitrage condition, with low-skilled workers earn-

ing the same remuneration in both sectors (after-tax for formal workers). When a 

sufficiently high minimum wage is introduced (labeled the regulated regime), low-

skilled workers’ net wage is higher in the formal sector, and the sensitivity of formal 

employment to infrastructure increases. We show that the last element is crucial in 

shaping the optimal tax rate.

Through analytical solutions and numerical simulations, we analyze how the 

optimal tax rate varies according to the informality regime and report how other 

aggregate variables react. We show that the optimal tax rate is higher in the regu-

lated regime and increases with the minimum wage, as the direct effect of taxation 

on net wages does not drive workers away from the formal sector. By increasing the 

labor cost in the formal sector, the minimum wage implies a higher informal-sector 

share, misallocation of labor services, and lower consumption. Conversely, the min-

imum wage can induce an increase in infrastructure investment as the decrease in 

the tax base is offset by an upward adjustment of the optimal tax rate. Concerning 

income distribution, the introduction of a minimum wage positively affects low-

skilled workers but is detrimental to high-skilled workers, who suffer from the 

adverse effects of higher taxation and a lower number of low-skilled workers in 

the formal sector (as they represent a complementary input of production). 4

Throughout the entire analysis, we pay particular attention to the impact of 

infrastructure on informal sector productivity. In the unregulated regime, as high-

lighted in most of the literature (for example, Mitra 2017), this element defines the 

competitiveness of the informal (inefficient) sector with respect to the formal (effi-

cient) sector. On the contrary, the presence of minimum wage amplifies the overall 

impact of infrastructure on the production frontier without decreasing the size of 

the formal sector. We show that such difference has particularly strong implications 

for the welfare analysis and the determination of the informal sector share.

The rest of the paper is organized as follows. The next section discusses 

the related literature. Section 3 describes the model, highlighting the difference 

between regulated and unregulated regimes. Section 4 describes and solves the 

optimal taxation problem faced by a benevolent social planner. Section 5 shows 

and discusses steady-state results. Section 6 describes the transition path towards 

the steady state when the economy starts from low levels of infrastructure and

4 Our results are in line with Gindling (2018) who suggests that minimum wage may be a useful 
tool for reducing poverty in developing countries.
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when the economy moves from the unregulated to the regulated regime. Section 7 

concludes.

2 Related Literature

Our paper ties together various areas of research. First, we relate to the literature on 

the role of infrastructure investments in economic development. Second, we con-

tribute to the literature that studies optimal taxation in presence of high informality. 

Lastly, we explore how minimum wage regulation affects optimal tax policies in less 

developed countries. In this section, we briefly introduce each of these research 

areas, highlighting their connection to our work.

As outlined in the Introduction, developing countries invest little in public 

infrastructure. 5 This can significantly hinder economic development, as a substan-

tial body of evidence demonstrates the critical role of infrastructure investments 

in driving economic growth. Evidence of the positive impact of infrastructure 

on development emerges from studies relying on both cross-country regressions 

(Calderon and Servén 2010; Calderón et al. 2015) and quasi-natural experiments 

(Duflo and Pande 2007; Wang and Wu 2015). Since Aschauer (1989), many papers 

have tried to assess the elasticity of aggregate output to public infrastructure. The 

meta-analysis of Bom and Ligthart (2014) indicates that the long-run elasticity of 

GDP to core infrastructure is equal to 0.17 and the average output elasticity to public 

capital is equal to 0.10. Chatterjee et al. (2021) contribute to the literature estimating 

the effect of infrastructure investments differentiating among formal and informal 

firms. While confirming a positive relationship between infrastructure and for-

mal firm productivity, they find no impact on informal firms. In line with these 

estimates and previous contributions (for example, Loayza 1996; Mitra 2017), we 

assume that formal firms are better at exploiting infrastructure than informal firms. 

Our analysis shows that the magnitude of this gap has significant implications for 

the optimal tax rate, the welfare analysis, and the reaction of the informal sector’s 

size to changes in the tax rate.

Concerning the financing of public infrastructure, Barro (1990) indicates that, 

in the absence of an informal sector, the optimal tax rate equals the elasticity of 

aggregate output to public services. Glomm and Ravikumar (1994) obtain a sim-

ilar result but amend the “Barro rule” by taking into account the representative

5 Fay et al. (2019) present updated estimates of infrastructure spending, utilizing novel data 
sources and integrating various datasets. They calculate that spending on infrastructure in low-
and middle-income countries, excluding China, amounts to 5 % of GDP. Notably, Sub-Saharan coun-
tries have the lowest estimate, with infrastructure spending accounting for 3.86 % of GDP.
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agent’s discount factor. 6 With respect to this line of research, we are interested in 

examining how the presence of a large informal sector influences tax policies. Sev-

eral papers (Ihrig and Moe 2004; Amaral and Quintin 2006; Loayza 1996), suggest 

that high informality rates imply lower optimal tax rates, as workers may escape 

taxation and the informal sector share is inversely related to tax on employment 

(Saracoğlu 2008). Indeed, less developed countries are characterized by extremely 

high levels of informality that, as outlined in Turnovsky and Basher (2009), may 

trap developing countries in a sort of a recursive fiscal dilemma. This occurs when 

an increase in the tax rate leads to a more than proportional decrease in the tax 

base. As a result, the government becomes unable to raise sufficient resources to 

fund infrastructure projects.

Notably, there is mixed empirical evidence concerning the effect of tax rates 

on the informal sector. On the one hand, Schneider (2005) identifies taxation as one 

of the main determinants of the informal sector size, Djankov et al. (2010) find that 

10 percentage point increase in the first-year effective tax rate incurred by formal 

firms raises the informal economy share by nearly 2 percentage points. Similarly, 

Dabla-Norris et al. (2008) report a positive relationship between taxation and the 

share of the informal economy that falls as long as the quality of the legal system 

improves. On the other hand, in line with the early evidence of Johnson et al. (1997), 

Mitra (2017) does not find any systematic relationship between the informal-sector 

share and income tax revenue for developing countries. Mitra (2017) explains this 

mixed evidence by arguing that higher taxation may result in lower (higher) infor-

mality when either the credit markets or the level of enforcement are well (less) 

developed. 7

One of the factors affecting the relationship between taxation and informality 

is represented by the degree to which informal firms can exploit infrastructure. 

Both Loayza (1996) and Mitra (2017) show that the more informal firms can take 

advantage of public goods the larger the informal sector’s size. Our contribution 

confirms this positive relationship, but only in the unregulated regime. Concerning

6 Analytical solutions of their model require some specific assumptions: log utility, Cobb-Douglas 
technology, uniform tax rate on capital and labor income, and full depreciation of private and 
public capital.

7 Mitra (2017) assumes the tax rate as an exogenous element and primarily focuses on the role 
of enforcement policies, showing that the productivity of government expenditure does not affect 
the threshold level of enforcement, which determines the sign of the effect of taxation on infor-
mal sector share. A vast literature (for example, Ihrig and Moe 2004) suggests that more effective 
enforcement policies reduce the informal sector share, but our analysis leaves aside the role of this 
institutional element.
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the impact on the optimal tax rate, Loayza (1996) finds that the ability of informal 

firms to benefit from public infrastructure reduces the optimal tax rate. 8

Our analysis points out that the presence or absence of a binding minimum 

wage has significant descriptive and normative implications. Boeri et al. (2011) pro-

vide evidence of the varying levels of minimum wages, assessed in relation to the 

average wage. However, legal provisions may not always be effectively enforced in 

developing countries. 9

The different levels of the minimum wage, along with differences in its enforce-

ment, may explain why the empirical literature obtains mixed results about the 

existence and magnitude of a wage penalty incurred by informal workers. For 

example, Magnac (1991) and Maloney (1999) do not find evidence of rationing for 

formal jobs. On the contrary, García (2017) reports mixed evidence suggesting that 

voluntary and involuntary informal employment co-exist, while Tansel et al. (2020) 

find that informal workers incur a persistent penalty. In our analysis, in line with 

these heterogeneous and sometimes conflicting findings, we consider different val-

ues of the minimum wage (which determines the wage penalty for informal work-

ers). However, we assume that, once accounted for, the minimum wage is binding 

and fully enforced in the formal sector. 10

An important reference to our analysis is Loayza (2016). In both Loayza (2016) 

and our paper, workers consume all available resources in each period, a plausi-

ble assumption in poor developing countries. In Loayza (2016), capitalists choose 

the optimal accumulation of private capital, while we assume that the Social Plan-

ner determines the optimal accumulation of public infrastructure through taxation. 

Similarly to Loayza (2016), a binding legal minimum wage stimulates the accumu-

lation of (private or public) capital and, through this channel, positively affects the 

remuneration of workers in the informal sector. However, our setting introduces a 

further distortion between formal and informal sectors, as the former provides the 

financial resources for infrastructures, which also benefits the latter. Furthermore, 

it is worth mentioning that our approach does not consider other two mechanisms 

that may affect the relationship between the minimum wage and the remunera-

tion in the informal sector in opposite directions. On the one hand, if decreasing 

marginal productivity of labor is assumed in the informal sector, as in Ham (2018) 

and Saraçoğlu (2020), increases in the minimum wage reduce informal workers’

8 In our framework, this result does not hold because, unlike Loayza (1996), we account for the 
congestion effect by normalizing infrastructure with respect to the total number of workers rather 
than the total output.

9 See Munguía (2019), Gindling (2018).

10 In our framework, the employment effect of the minimum wage is negative for the formal 
sector, consistently with Jales (2018) and Arango and Rivera (2022), although we acknowledge that 
other studies, such as Lemos (2009), did not detect this effect.
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income by shifting employment towards the informal sector. On the other hand, our 

model does not incorporate the lighthouse effect (Maloney and Mendez 2004), which 

posits that an increase in the minimum wage would positively affect remuneration 

in the informal sector.

We acknowledge that by disregarding private capital accumulation, our 

approach may overlook some relevant general equilibrium mechanisms (Chatter-

jee et al. 2022). However, it is worth noting that models without private capital 

are not uncommon in this literature, see Docquier et al. (2017) and Docquier and 

Iftikhar (2019), and that the absence of private capital significantly streamlines our 

analysis. Besides, in small open economies with unrestricted capital mobility, see 

Ortega and Peri (2014) and Groneck and Kaufmann (2017), capital naturally flows, 

keeping the capital/labor ratio constant.

3 Theoretical Framework

We consider an economy where two productive sectors, formal and informal, pro-

duce a homogeneous good using two different production technologies. 11 The for-

mal sector represents the official (or recorded) economy. Following Docquier et al. 

(2017), we define the informal economy as the part of the production that escapes 

taxation and does not fulfill government regulation. 12 Although unrecorded activi-

ties exist in most of economies, the nature of informality differs between developed 

and developing countries. In developed countries, (almost) the same production 

technology characterizes informal/unreported and formal/declared activities. In 

developing countries, informal and formal firms are inherently different and oper-

ate according to different technologies. This view dates back to Lewis (1954) where 

the dual-sector model is outlined. 13 A characterizing element of the dual theory is

11 In line with Ihrig and Moe (2004) the informal sector does not include the criminal sector (which 
produces illegal goods, such as drugs).

12 Several definitions of the informal sector exist, see Gerxhani (2004). The definition used in 
this paper is similar to the one suggested in Feige (1981), “all economic activities which because 
of accounting conventions, non-reporting or under-reporting, escape the social measurement appa-
ratus, most notably the national accounts”.

13 The dual-sector model is still the dominant approach to formalize informal activities in low-
income countries, see La Porta and Shleifer (2014). However, there are competing theories on the 
impact of informal sector activities on development. On the one hand, De Soto (1988) considers 
the informal sector as a reservoir of entrepreneurial energy held back by government regulations; 
inciting these firms to become formal would be beneficial for development. On the other hand, Far-
rell (2004) recommends a suppression of the informal sector, considering informal firms as those 
violating government regulations and unfairly competing with legal firms. Ulyssea (2018) develops 
a framework able to comprise different theories, showing that each one is the result of the behavior 
of heterogeneous firms.
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that the informal sector uses a low-skill technology and serves as a subsistence sec-

tor for many individuals. The necessity to escape extreme poverty explains why a 

significant fraction of low-skilled workers join informal activities. A direct implica-

tion of the dual theory is that, above a certain level of development, the subsistence 

part of the informal sector disappears and the main motive to act informally is to 

elude taxes. Our framework captures both mechanisms generating informality.

3.1 Workers

As in Docquier et al. (2017), two types of working-age individuals populate our econ-

omy: (i) High-skilled workers (H ), who have higher education and work only for 

formal firms; (ii) Low-skilled workers (L), who have lower level of education and 

may work either for formal or informal firms. We assume that the population is 

constant in its level and structure, with the skill ratio in the economy defined as 

z ≡ H 

L
. 14 

Workers distribute in the same proportion in each household and share their 

income. In our model, we assume that individuals do not smooth consumption 

across periods. Specifically, they are modeled as non-Ricardian or rule-of-thumb 

consumers, who spend all of their disposable income within each period. This 

assumption rules out individuals’ intertemporal optimization and is similar to the 

approach used by Loayza (2016), as discussed in Section 2. 15 As there is no private 

saving, the entire after-tax income is used to consume the homogeneous good, C, 

and the utility function is described by a logarithmic function, an assumption that 

will be exploited in Section 4.

3.2 Production

Formal and informal firms produce the same homogeneous good but through dif-

ferent technologies. The production technology does not include private capital, 

featuring an economy without restriction on capital mobility and a common inter-

national interest rate. In such an economy, savings decisions are a function only of 

the international interest rate leaving the private capital-labor ratio constant. 16 For-

mal firms produce according to the following Cobb-Douglas production function:

14 The optimal taxation problems are more tractable under the assumption of a constant popula-
tion. However, our main results do not depend on this assumption.

15 Studies focusing on developed countries have reported evidence of a significant proportion of 
non-Ricardian or rule-of-thumb consumers, see (Mankiw 2000; Menna 2016).

16 Ortega and Peri (2014) find that capital adjustments are rapid in open economies. This hypoth-
esis is widely used in the literature (Kennan 2013; Klein and Ventura 2009; Delogu et al. 2018; 
Docquier and Iftikhar 2019; Carroni et al. 2023) to motivate the small open economy assumption.
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Y f ,t = Af ,t H
𝛼 L 1−𝛼

f ,t
, (1)

where the subscript f identifies the formal sector and t defines the time period. Y f ,t
is the output of formal sector firms, A f ,t is the Total Factor Productivity (TFP), L f ,t
is the number of low-skilled workers in the formal sector, while 𝛼 and 1 − 𝛼 (with 
0 < 𝛼 < 1) represent the elasticity of formal sector output to high-skilled and low-
skilled labor. The TFP in the formal sector is a function of the stock of infrastructure, 

k t: 

A f ,t = Ak 𝜀t , (2)

where the parameter A captures the productivity level and 𝜀 is the elasticity of 
formal sector TFP (and formal sector output) to infrastructure.

As Docquier et al. (2017) and Loayza (1996), the informal sector, i, uses the fol-

lowing production function: 17 

Y i,t = A i,t L i,t , (3) 

where Y i,t is the output, L i,t = L − L f ,t is the level of employment in the informal
sector, and the TFP, A i,t , is given by:

A i,t = Bk
𝜂

t
(4)

is the informal sector TFP. In line with the literature, informal firms are less pro-

ductive than formal ones. In our framework, we capture this stylized fact in two 

ways. First, we assume that the exogenous productivity factor, B, is lower than A, as 

in Docquier and Iftikhar (2019). Second, we assume that informal sector firms have 

lower capacity to benefit from infrastructure, thus 𝜂 < 𝜀.18

Formal firms operate in a competitive market and aim to maximize profits, 

Π f ,t , defined as: 
Π f ,t = Y f ,t − 𝑤 g 

h,t
H − 𝑤g

l, f ,t 
L f ,t , (5)

where 𝑤 g
h,t
is the gross (before taxes) high-skilled workers’ wage while 𝑤 g

l, f ,t 
is the 

gross wage paid to low-skilled workers. Assuming competitive labor markets, gross 

wages equal labor productivity for each type of worker, in each sector. Therefore, 

high-skilled workers receive the following net wage:

𝑤 h,t ≡
(
1 − 𝜏 t 

)
𝑤 g

h,t 
=

(
1 − 𝜏 t 

)
𝛼A f ,tz 

𝛼−1
f ,t

, (6)

17 As low-skilled workers are the only factor of production chosen by the firms, the linearity 
assumption in labor services grants constant returns to scale, consistent with a perfect market 
competition framework.

18 Alternatively, rather than assuming lower elasticity of output to infrastructure, informal firms 
might use only a fraction of infrastructure, as in Loayza (1996).
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where z f ,t ≡
H t
L f ,t

is the skill ratio in the formal sector and 𝜏 t is the tax rate on formal-

sector workers’ wage. In the unregulated regime, a similar condition defines the 

low-skilled workers’ net wage: 19

𝑤 l, f ,t ≡
(
1 − 𝜏 t 

)
𝑤 g

l, f ,t 
=

(
1 − 𝜏 t 

)
(1 − 𝛼)A f ,tz𝛼f ,t. (7)

In the regulated regime, the gross wage of formal low-skilled workers is

enforced to be equal to the minimum wage, which we label 𝑤 min . 
20 The formal-

ization of the informal sector aligns with either the assumption of a competitive 

labor market or the assumption of informal workers operating as self-employed 

individuals. It follows that their remuneration is:

𝑤 l,i,t = Bk
𝜂

t . (8)

Finally, the government funds public infrastructure by taxing formal workers 

at the rate 𝜏 t. Eq. (9) defines the accumulation of the infrastructure stock:

k t+1 = 
𝜏 t Y f ,t

(L + H )
+ 
(
1 − 𝛿

)
k t. (9)

To account for congestion, see Loayza (1996) and Glomm and Ravikumar (1994), 

infrastructure is normalized to the labor force. 21 We assume that infrastructure 

depreciates at a constant rate, 𝛿, and, in line with Futagami et al. (1993) and Glomm 

and Ravikumar (1994), infrastructure investments are not immediately productive. 

From now on, we restrict our analysis to the case that a positive level of informality 

is always present. As outlined in Section A.2 of the Appendix, this requires the share 

of skilled workers to be sufficiently low. In our framework, when the skill ratio is 

larger than a certain threshold, the informal technology becomes not sufficiently 

productive, and all workers join the formal economy. 22

19 Our analysis focuses on the case when the high-skilled workers’ wage is always greater than 
the low-skilled one. In the Appendix, see Section A.2, we determine the conditions for having
𝑤 h,t > 𝑤 l, f ,t .

20 From now on, we assume that the minimum wage is binding. This assumption is in line with 
Gindling (2018) who shows that minimum wages are way above the national poverty line in many 
developing countries.

21 Differently from Loayza (1996), we assume that congestion is a feature of the overall economy, 
not only of the informal sector.

22 Docquier et al. (2017), analyses the interplay between education choices and informality, 
while in our paper, we focus on infrastructure-enhancing policies disregarding human capital 
accumulation.
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3.3 Informality Regimes: Unregulated versus Regulated

Low-skilled workers join the informal sector either if formal firms cannot offer 

a salary higher than the one paid by informal firms, unregulated regime, or if 

enforcing a minimum wage in the formal sector induces a shortage of formal jobs, 

regulated regime. In the unregulated regime, L f ,t adjusts until the net wage paid in 

the formal sector equals the remuneration in the informal sector. It follows that the 

number of low-skilled formal workers is:

L f ,t = H
(
A
(
1 − 𝜏 t 

)
(1 − 𝛼)k𝜀−𝜂 t 

B

) 1
𝛼

. (10)

Eq. (10) shows that the tax rate has a direct negative effect on the number of 

formal workers. However, a higher tax rate incentivizes infrastructure investment, 

potentially leading to a larger number of low-skilled formal workers in the long run. 

Indeed, the higher the elasticity of infrastructure to the tax rate and the higher the 

difference in the impact of infrastructure on sectoral TFPs, the stronger the push 

toward an increase (decrease) in formal (informal) employment after an increase 

in the tax rate.

In the regulated regime, the number of low-skilled workers joining formal 

firms is the one that equalizes the marginal productivity of low-skilled labor in the

formal sector to  𝑤 min . Exploiting this condition, we obtain the number of low-skilled 

formal workers as follows: 

L f ,t = H
(
(1 − 𝛼)Ak𝜀t 

𝑤 min

) 1

𝛼

. (11)

Although low-skilled workers are perfectly mobile across sectors, the level of 

employment in the formal sector is not influenced by the labor supply in the regu-

lated regime, as the presence of a binding minimum wage induces a shortage of jobs 

in the formal sector, leaving informal workers willing to work in the formal sector if 

they had the opportunity. Accordingly, the elements determining the remuneration 

in the informal sector (B and 𝜂) and the tax rate (which introduces a gap between 

firm labor cost and workers’ net income in the formal sector) do not directly enter 

Eq. (11). As long as the minimum wage is binding, only the marginal productivity of 

low-skilled labor in the formal sector matters in determining the share of informal 

workers. Therefore, a direct effect of taxation is absent in the regulated regime, and 

the tax rate impacts the number of formal/informal workers only indirectly through 

its impact on infrastructure accumulation.

Finally, it is worth noticing that in both regimes informality arises when either 

the skill ratio or the stock of infrastructure is low, which are both distinctive charac-

teristics of low-income countries, as documented in Calderón and Servén (2014) and
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Docquier et al. (2017). As illustrated in the Appendix (Section A.2), the conditions 

to have a positive level of informality differ depending on the informality regime. 

Accordingly, we calibrate the parameters to meet these conditions.

4 Fiscal Policy

The government chooses the tax rate to maximize the representative household’s 

welfare, subject to the technological and resource constraints as well as the con-

ditions governing the allocation of low-skilled workers in the different regimes. 

Accordingly, the intertemporal optimization problem can be represented recur-

sively as a value function problem,

V
(
k t 
)
= max

𝜏 t
ln
(
C t 
)
+ 𝛽 V

(
k t+1

)
(12)

s.t.

C t =
(
1 − 𝜏 t 

)
Y f ,t + Y i,t , (13) 

(
(
1 − 𝜏 t 

)
(1 − 𝛼) 

Y f ,t 
L f ,t

− Y i,t
L i,t

)
Γ {1,0} = 0, (14)

(
(1 − 𝛼)

Y f ,t 
L f ,t

−𝑤 min

)(
1 − Γ {1,0}

)
= 0 (15)

lim 
t→∞

𝛽 t 
k t+1 
C t

= 0 (16)

and the law of accumulation of infrastructure, Eq. (9). V (.) is the value function, 

where 𝜏 t is the control variable while k t is the state variable and 𝛽 is a parameter 
capturing the time discounting factor. Eq. (13) reports the overall consumption in

our economy at period t. Γ {1,0} is an indicator function that takes value one when the 
economy is in the unregulated regime and zero in the regulated regime. The solu-

tion to the above problem yields distinct sequences of optimal tax rates, contingent 

upon the value of the indicator function. Finally, Eq. (16) is the relevant transver-

sality condition of our dynamic problem. This problem, in its general form, has no 

analytical solution. 23 Leaving the numerical analysis of the general problem to the

23 Interestingly, under the regulated regime, the Euler equation characterizing the solution of 
the dynamic problem (available upon request) is almost identical to that of the typical Ramsey 
problem. The marginal utility of consumption at period t must equal the discounted marginal util-
ity of consumption at period t + 1 capitalized by the marginal productivity of capital. However, 
under the regulated regime, this equation also accounts for the change in the sectoral composi-
tion of workers implied by the accumulation of infrastructure. As a higher tax rate moves people 
towards the formal sector, where infrastructure is more productive, the optimal tax rate will be 
higher than in the standard Ramsey case.
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next sections, in the rest of this one, we focus on the steady solution with 𝜂 = 0; 
in this case, analytical solutions are available and provide interesting economic 

intuitions.

First, we provide the equation defining the optimal tax rate in the unregulated 

regime, 𝜏 C,u : 

𝜏 C,u = 𝜀
𝛿

D 
, (17)

where D ≡ 1

𝛽
− 
(
1 − 𝛿

)
is a combination of parameters capturing the intertemporal 

trade-off that the central planner accounts for when setting the optimal tax rate.

In the regulated regime the optimal tax rate, 𝜏 C,r , is:

𝜏 C,r = 
𝜀 
𝛼 
𝛿 
D

(
1 − (1 − 𝛼) B

𝑤 min

)
. (18)

The comparison between Eq. (17) and Eq. (18) allows us to highlight a key dif-

ference between the two regimes. In the unregulated regime, the optimal tax rate 

depends on the elasticity of formal sector TFP to infrastructure (in line with the 

“Barro rule”). On the contrary, in the regulated regime, the optimal tax rate depends 

on the ratio 𝜀 

𝛼
, which is greater than 𝜀. This difference derives from the fact that, 

in the regulated regime, there is a shortage of low-skilled formal jobs. The tax 

rate affects labor productivity through infrastructure accumulation but it does not 

impact the cost of labor services, as the option to work in the informal sector is not 

appealing. The labor supply in the formal sector exhibits infinite elasticity when 

the minimum wage is binding. As a result, the elasticity of low-skilled employment 

in the formal sector with respect to infrastructure is equivalent to the elasticity of 

formal sector demand for low-skilled workers, represented by 𝜀 

𝛼
.

This difference among regimes induces the optimal tax rate to be higher in the 

regulated regime than in the unregulated regime. This gap is increasing in the ratio 

between the minimum wage and the productivity in the informal sector. 24

The definition of the intertemporal equilibrium follows.

Definition 1. Given a stock of high-skilled workers
(
H̄ 
)
, low-skilled workers 

(
L̄ 
)

and an initial level of infrastructure, k 0 the intertemporal equilibrium consists in a 

sequence of wages𝑤 h,t ,𝑤 i,l,t ,𝑤 l, f ,t , a sequence of tax rates 𝜏 t, a sequence of infras-
tructure levels k t, and a sequence of formal and informal workers L f ,t, L i,t such
that

1. Wages are determined by Eqs. (6), (7) and (8) in the unregulated regime and by

Eqs. (6), (8), and 𝑤 min in the regulated regime. 

24 Subtracting Eq. (17) to Eq. (18) emerges 𝜏 C,r − 𝜏 C,u = 𝜀𝛿 D
(1−𝛼) 
𝛼

( 
1 − B

𝑤 min

)
> 0.
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2. The labor market clears, H = H̄ and L f ,t + L i,t = ̄L. 
3. The government balances its budget, Eq. (9) holds.

4. The size of informal employment is determined by Eq. (11) in the regulated 

regime, and by Eq. (10) in the unregulated regime.

5. The sequence {𝜏 t}∞0 is the solution of the problem outlined by Eqs. (12)–(16).

6. The good market clears, i.e., consumption equals the output net of tax revenues.

In the next section, we provide a quantitative analysis of the model using the 

optimality conditions and allowing 𝜂 to be greater than zero. 25

5 Quantitative Assessment

In this section, we define the calibration strategy to represent a low-income coun-

try at the steady state and we assess the implication of the informality regime in 

terms of optimal taxation, infrastructure, consumption, income distribution, and 

informality shares. We run the analysis for different values of minimum wage and 

elasticity of the informal sector productivity to infrastructure.

5.1 Calibration Strategy

We calibrate our model to replicate the features of Sub-Saharan African (SSA) coun-

tries where the informal sector is large and characterized by low productivity firms. 

The calibration is conducted according to three distinct approaches. The values 

of certain parameters are derived directly from extant literature, in accordance 

with prevailing values and empirical estimations. With regard to skill composi-

tion of the labor force, we use available datasets to determine the average value 

in SSA countries. The calibration process is concluded by setting two technologi-

cal parameters in order to establish equilibrium conditions consistent with specific 

macroeconomic aggregates. Given the calibration setting, we allow the minimum 

wage to vary in order to examine its effect on the optimal tax rate, infrastructure 

accumulation, income distribution and informal sector shares.

Starting from the parameters whose values are derived from the literature, the 

discount factor, 𝛽 , is equal to 0.96, implying an annual discount rate of about 4 per-
cent as in the RBC literature, see Kydland and Prescott (1982). With regard to the 

value of the depreciation rate of infrastructure, we set 𝛿 = 0.085 as in Gibson and

25 Section A.1 of the Appendix shows the stability of the steady-state, for both regimes, exploiting 
the calibration strategy defined in Section 5.
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Rioja (2019). 26 It is worth noting, as outlined in Krusell and Smith Jr (2015), that there 

is no consensus estimate for the depreciation rate, and this absence of a commonly 

accepted benchmark makes calibrating this parameter particularly challenging for 

low-income countries. We assess the robustness of our analysis to the value of this

parameter in Appendix A.3 by using a higher value, 𝛿 = 0.1, which is typical in
the RBC literature (Kydland and Prescott 1982), and a lower value, 𝛿 = 0.032, indi-
cated as the minimum bound in Krusell and Smith Jr (2015). The elasticities of TFP 

(or output) to infrastructure are 𝜀 and 𝜂. Bom and Ligthart (2014) suggest 𝜀 equal to 

0.1. In line with Chatterjee et al. (2021), see Section 2, it is reasonable to assume that 

informal firms face hurdles when trying to take advantage of some types of infras-

tructure, hence 𝜂 < 𝜀. Accordingly, we let 𝜂 range from 0 to 0.08 and the figures in 

the next sections show the results for five values of 𝜂, 𝜂{0, 0.02,0.04,0.06,0.08}.
To calibrate the share of high-skilled workers, we rely on the latest version 

of the dataset from Barro and Lee (2013), from which we determine the share of 

high-skilled individuals defined as those with at least one year of higher educa-

tion, following Docquier et al. (2017). The latest information refers to 2015, with the 

average value of H

L+H = 4.31% for SSA countries. In Appendix A.3, we assess the
robustness of our results by considering the value reported in the same dataset for 

year 2010. Furthermore, we repeat the same analysis using the ratio that charac-

terizes South Asia Region (SAR) countries for both 2010 and 2015. Accordingly, our 

calibrations consider values ranging between 2.7 % (2010, SSA) and 7.4 % (2015, SAR). 

Our main findings are robust to these variations, see discussion in Appendix A.3.

To match the data on informality, we calibrate two parameters: the ratio 

between the exogenous TFP parameters, A 

B 
, and the elasticity of formal output to

high-skilled workers, 𝛼. The calibration targets are informal sector shares for SSA in 

terms of both GDP ( Y i
Y i +Y f 

= 36.4%) and employment ( L i
H +L = 61.7%). 27 Following this

procedure, we obtain A 

B 
= 10.7 and 𝛼 = 0.66. This substantial productivity differ-

ence between the formal and informal sectors reflects an important characteristic 

of SSA economies, where the average informal employment share exceeds the aver-

age informal GDP share by 25.3 percentage points. In Appendix A.3, we evaluate the 

robustness of our results by calibrating the model for SAR countries, where infor-

mal sector shares are lower ( Y i
Y i +Y f 

= 28.8% and L i
H +L = 58.7%), but the difference is

even higher (almost 30 percentage points).

26 We choose to take the value of 𝛿 from Gibson and Rioja (2019) as the authors study the impact 
of infrastructure investment in a similar context.

27 We compute these values by averaging the data across SSA countries reported in Ohnsorge and 
Yu (2022).
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Table 1: Benchmark calibration.

Parameter/Statistics Value Source/Moment matched

𝜀 0.10 Bom and Ligthart (2014)

𝜂 0 ≤ 𝜂 ≤ 0.08 𝜂 < 𝜀 Chatterjee et al. (2021)

𝛼 0.66
Li
H+L = 61.7% Ohnsorge and Yu (2022)

A

B
10.7

Y i
Y i +Y f 

= 36.4% Ohnsorge and Yu (2022)
H

H+L 4.31 % Barro and Lee (2013)

𝛿 0.085 Gibson and Rioja (2019)

𝛽 0.96 4 % discount rate, Kydland and Prescott (1982)

The benchmark calibration, labeled with the subscript ben , refers to the unregu-

lated regime with 𝜂 = 0.04. When we analyze the regulated regime, we need to fix

a value for  𝑤 min . We consider several scenarios, with 𝑤 min ranging between 1.4 and 
2 times the value of the low-skilled workers’ wage that emerges in the benchmark

scenario (𝑤 ben ). 
28 Our choice concerning 𝑤 ben implies the Kaitz ratio, i.e. the ratio 

between the minimum wage and the average wage, to range between 0.54 and 0.77

(increasing in𝑤 min ), in line with the values reported in Bhorat et al. (2015).
Table 1 summarizes the benchmark calibration.

This table describes the benchmark calibration. The TFP ratio A 

B
and elasticity 

𝛼 are jointly calibrated to match the informal sector shares in SSA countries.

5.2 Quantitative Results

This section reports and discusses the results of our numerical experiments. We 

emphasize the role of the informality regime, the value of the minimum wage, and 

the value of the elasticity of informal sector productivity to infrastructure. We par-

tition our discussion into three blocks. First, we determine the optimal tax rate 

and the resulting infrastructure accumulation. Then, we show the implications for 

income distribution between low-skilled and high-skilled workers and total con-

sumption. Finally, we analyze the changes in the informal economy’s share of both 

employment and output across the various scenarios considered.

28 We run the analysis for several values of the minimum wage. As we notice that the effects are
monotone in the value of    𝑤 min , we report the results for only the lowest and the highest value of 
𝑤 min .



288 — W. Addessi and M. Delogu

Figure 2: Optimal tax rates and infrastructure. The graph on the left reports the tax rate

in percentage values. The graph on the right reports percentage variations of infrastructure from the 

benchmark case.

5.2.1 Optimal Tax Rates and Infrastructure

We start from the behavior of the optimal tax rate. Figure 2a shows that 𝜏 C is
increasing in both 𝜂 and 𝑤 min . Higher values of 𝜂 induce an increase in 𝜏 C as the 
incentive to finance infrastructure rises when its overall impact on total output, 

which includes informal production, is higher. 𝜏 C is increasing in 𝑤 min because 
the minimum wage increases the labor cost incurred by formal firms, generating 

rationing of low-skilled labor in the formal sector. Indeed, as long as the minimum 

wage exceeds informal sector remuneration, higher tax rates do not increase labor 

costs. However, they lead to higher tax revenue, more infrastructure, increased 

productivity, and greater demand for low-skilled workers in the formal sector.

In the unregulated regime, the optimal tax rate ranges between 6.7 %, for 
𝜂 = 0, and 10 %, for 𝜂 = 0.08. We observe that as 𝜂 increases, the tax rate differen-
tial between the two regimeswidens. For example, for        𝑤 min = 2 ∗𝑤 ben , the optimal 
tax rate is equal to 8.6 % when 𝜂 = 0 (almost 2 percentage points higher than in 
the unregulated regime) and equal to 14.3 % when 𝜂 = 0.08 (4.3 percentage points 
higher than in the unregulated regime). 29 These results can be explained as follows. 

In the unregulated regime, infrastructure accumulation leads to higher low-skilled 

labor costs in the formal sector, as the net wage of low-skilled workers matches 

informal sector productivity, which is a positive function of 𝜂. In contrast, in the 

regulated regime, this relationship does not hold as long as the minimum wage is 

high enough. Accordingly, the difference between the optimal tax rates, regulated

29 It is worth noticing that our tax rates are in line with the one in Ihrig and Moe (2004), 9.3 %, 
retrieved from Easterly and Rebelo (1993).
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versus unregulated, becomes larger for higher values of 𝜂, as the central planner 

in the regulated regime does not have to take into account the negative impact of a 

higher tax rate on the tax base.

The path of the optimal tax rate determines infrastructure accumulation. In 

fact, Figure 2b shows that, in both regimes, infrastructure is increasing in 𝜂. More 

articulated is the effect of the minimum wage. The presence of a minimum wage 

induces higher taxation but it also reduces the tax base with ambiguous effects on 

tax revenues and infrastructure. Based on our model calibration, a positive rela-

tionship between minimum wage and infrastructure emerges for sufficiently high 

values of 𝜂 as the increases in the tax-rate difference between the two regimes 

compensate for the shrink in the tax base.

5.2.2 Income Distribution and Consumption

Figure 3a and b illustrate the impact of the minimum wage and the elasticity of 

informal sector production to infrastructure on the net incomes of the two types 

of workers. For convenience, the figures show the percentage deviation from the 

benchmark scenario. Our analysis highlights the key distributional effects of intro-

ducing a minimum wage: it benefits low-skilled workers, while reducing the net 

income of high-skilled workers.

The introduction of a minimum wage impacts the income of low-skilled work-

ers through three main channels. First, it generates income gains for the low-skilled 

workers who remain in the formal sector, where wages, by assumption, exceed what 

would prevail under competitive conditions. Second, it affects the income of work-

ers in the informal sector through its impact on infrastructure accumulation. As

Figure 3: Net income by skill. Both graphs report percentage variations from the benchmark case.
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shown in Figure 2b, under most of the parameterizations, infrastructure increases 

with the introduction of a minimum wage, raising the productivity and wages of 

informal workers. Third, with the introduction of the minimum wage a higher num-

ber of low-skilled workers are employed in the informal sector, see Figure 5a and 

the following discussion. In summary, considering the effects induced by the mech-

anisms described above, the overall impact of a minimum wage on the income of 

low-skilled workers is positive.

Figure 3b reports a negative impact of the minimum wage on high-skilled work-

ers, driven by two distinct mechanisms. The introduction of the minimum wage 

causes an outflow of low-skilled workers toward the informal sector. This leaves 

fewer low-skilled workers in the formal sector to work alongside high-skilled work-

ers, lowering their productivity / gross remuneration (see Figure 5a and the fol-

lowing discussion). Additionally, higher minimum wages lead to higher optimal tax 

rates (see Figure 2a). This directly reduces the net income of high-skilled workers.

The combined effect on the net income of the two types of workers results in 

overall wage compression. This theoretical prediction is consistent with empirical 

evidence from Brazil. For example, Engbom and Moser (2022) and Haanwinckel 

(2023) identify minimum wage increases as a primary driver of Brazil’s significant 

decline in inequality during the 2000s. 30

The elasticity of informal sector productivity to infrastructure, 𝜂, has different 

effects depending on workers’ skill type and informality regime. An increase in 𝜂 
results in a higher net income for low-skilled workers (see Figure 3a). The effect is 

stronger in the unregulated regime, where the arbitrage condition ensures that 𝜂 
directly determines their earnings in both sectors. The impact of 𝜂 on the income 
of high-skilled workers depends on the informality regime (see Figure 3b). In the 

regulated regime, an increase in 𝜂 has a non-negative impact on their net income, 
whereas it induces a significant decline in the unregulated regime (moving from 

𝜂 = 0 to 𝜂 = 0.08 results in a fall of 11 percentage points). This difference occurs 
despite the fact that higher 𝜂 increases the optimal tax rate in both regimes (see 
Figure 2a), reducing high-skilled workers’ net income through taxation. In the reg-

ulated regime, however, this tax burden is offset by an increase in the marginal 

productivity of high-skilled workers, which can be explained by two mechanisms. 

First, as shown in Figure 2b the sensitivity of infrastructure to 𝜂 is higher in the

30 The relationship between minimum wage and inequality has been extensively investigated 
using detailed Brazilian data. Lemos (2009) document that minimum wages compressed wage 
distributions in both the formal and informal sectors. More recently, Parente (2024), confirms a 
significant reduction in inequality in the formal sector but reports a rise in the informal sector. 
However, our theoretical framework assumes just two types of workers and therefore does not 
provide insights into the heterogeneous effects of the minimum wage among specific groups of 
workers. More research is necessary for SSA countries, as discussed in Bhorat et al. (2017).
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Figure 4: High-skilled workers’ income share and Consumption. The graph on the left reports 

the variation of high-skilled workers’ income share. The graph on the right reports percentage 

variations of consumption from the benchmark case.

regulated regime. Second, as detailed later, when discussing Figure 5a, contrary to 

the unregulated regime, increases in 𝜂 do not lead to a decrease in the share of 

low-skilled workers employed in the formal sector.

The previous analysis has straightforward consequences in terms of income 

distribution, as reported in Figure 4a. The high-skilled workers’ share of the net

income is decreasing in both 𝜂 and 𝑤 min as both elements support low-skilled

workers’ income. Notably, moving 𝜂 from 0 to 0.08 implies a reduction of the income 

share of the high-skilled workers close to 7.5 percentage points in the unregulated 

regime, compared to about 2.7 percentage points in the regulated regime.

Finally, Figure 4b reports the percentage deviations of consumption (i.e. the 

net income of all workers) with respect to the benchmark scenario. Two main facts 

stand out. First, overall consumption is increasing in 𝜂, as higher values of 𝜂 shift
the production frontier. Second, consumption is decreasing in       𝑤 min , as higher mini-
mum wages imply a less efficient distribution of low-skilled workers across sectors 

and higher tax rates. However, the higher the value of 𝜂, the lower the consump-

tion loss induced by   𝑤 min , because the impact of the misallocation of labor services 
falls. In fact, for 𝜂 = 0,𝑤 min = 2 ∗ 𝑤 ben implies a 7.2 % reduction in consumption 
compared to the unregulated regime. The loss decreases to 3.5 % when 𝜂 = 0.08. 31

31 If we consider 𝑤 min = 1.4 ∗𝑤 ben the corresponding values become 2.6 % (for 𝜂 = 0) and 0.2 %
(for 𝜂 = 0.08).
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5.2.3 Informal Economy Share

The last aspect that we want to analyze concerns the path of the informal econ-

omy share. Figure 5a and b report the informal economy share in terms of both

employment and output. The role of 𝑤 min is intuitive: Increases in the minimum

wage directly increase the labor cost, reducing the number of low-skilled workers 

in the formal sector, and inflating the informal sector size.

On the contrary, the role of 𝜂 is more articulated. In the unregulated regime, 

both informality shares are increasing in 𝜂 as, ceteris paribus, the higher 𝜂 the 

higher the remuneration for low-skilled workers. This result is in line with Mitra 

(2017) who highlights that the more informal firms can benefit from public ser-

vices, the higher the informality share. Differently, in the regulated regime, higher 

values of 𝜂 do not make low-skilled services more expensive for the formal sector. 

The endogenous relationship between 𝜂 and 𝜏 C , along with the positive impact of 

infrastructure on productivity in the formal sector, explain why the demand for 

low-skilled workers in the formal sector is increasing in 𝜂, reducing the share of 

workers in the informal sector, see Figure 5a. Nevertheless, shifts in the informal 

sector share of employment may not align with similar variations in the informal 

sector share of output, as shown in Figure 5b. When the value of 𝜂 increases, the 

productivity in the informal sector rises, and this might counterbalance the fall in 

informal employment.

In the presence of wage segmentation, two key features of the unregulated 

regime disappear: first, the monotonic positive relationship between the benefi- 

cial effects of infrastructure on informal sector productivity and informality shares; 

and second, the positive association between employment and output informality

Figure 5: Informality share. Both graphs report percentage shares.
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shares. Our results suggest that minimum wages along with differences in the 

capacity of informal firms to capture the benefits of infrastructure might explain 

the absence of a clear relationship among tax rates and informality shares. In the 

regulated regime, countries with higher values of 𝜂 can implement higher tax rates 

experiencing a modest decrease in the informal share of employment and a mild 

increase in the informal share of GDP.

6 Dynamic Insights and Regime Switching

In addition to the comparative statics in the steady state, we present dynamic anal-

yses for both regimes, focusing on an economy with 𝜂 = 0.04 and with an initial 
endowment of infrastructure equal to 80 % of its corresponding steady-state value. 

We conduct numerical simulations to determine the time-varying optimal tax rate 

and examine its impact on various macroeconomic variables. 32 Furthermore, we 

explore the scenario of regime switching from the unregulated to the regulated 

regime, analyzing the corresponding trajectories of both the optimal tax rate and 

the infrastructure.

In both regimes, when the economy starts with a low infrastructure endow-

ment, it is optimal to set the tax rate higher than the steady-state value to induce 

infrastructure accumulation. Figure 6 shows that the convergence towards the 

steady states of both the optimal tax rate and infrastructure requires a similar num-

ber of periods in both regimes. However, in the presence of the minimum wage, the 

initial deviation of the tax rate is significantly higher (6.9 vs 4 percentage points). 

This discrepancy arises as in the regulated regime raising the tax rate does not com-

press the tax base and the elasticity of labor demand to infrastructure is higher. The 

difference in the paths of the tax rates explains the slightly faster convergence of 

infrastructure in the regulated regime.

Concerning the transition path of consumption, Figure 7a in line with the 

results of Figure 6, shows that a drop in consumption is necessary to facilitate infras-

tructure accumulation in both regimes albeit through different mechanisms. In the 

regulated regime, consumption fall is mainly driven by a substantial increase in 

the tax rate, whereas in the unregulated regime, it is also induced by the decline in 

formal employment with a consequent fall in production. Indeed, the low infras-

tructure (and the consequent low productivity) induces temporary increases in

32 We conducted additional analyses solving for a fixed optimal tax rate. Although the induced 
dynamics take generally longer to converge to the new steady state, the results remain largely 
unchanged. For this reason, this set of results is not included in the paper and is available upon 
request.
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Figure 6: Optimal tax rate and infrastructure – convergence path. The graph on the left reports 

the tax rate in percentage values. The graph on the right reports percentage variations

of infrastructure from the corresponding benchmark case.

Figure 7: Consumption and informal employment share – convergence path. The graph on the left 

reports the percentage variations of consumption from the corresponding steady-state values. The 

graph on the right reports the variations of informal employment share from the corresponding 

steady-state values.

the number of informal workers in both regimes. However, Figure 7b shows that 

the percentage deviation is much higher in the unregulated regime, as low-skilled 

workers react to higher tax rates by joining the informal sector till the arbitrage 

condition is restored. On the contrary, in the regulated regime, the fall in the net 

wage does not induce an outflow of workers from the formal to the informal sector. 

Informality is sustained only by the low levels of infrastructure, which reduce labor 

demand in the formal sector.
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Figure 8: Net income by skill – convergence path. Both graphs report the percentage variations 

of net income from the corresponding steady-state values.

Moving to the path characterizing the net income of the different types of work-

ers, Figure 8 provides clear evidence that high-skilled workers are the most affected 

along the convergence path. As they work only in the formal sector, they all suffer 

from the low infrastructure, the increase in the tax rate, and the lower presence 

of low-skilled workers in the formal sector. With regard to low-skilled workers, it 

emerges that the net income loss is higher in the regulated regime as workers in the 

formal sector are hit by the significant increase in the tax rate with no incentive to 

shift sector (the formal sector still grants a better remuneration than the informal 

sector).

We need to point out that our analysis does not take into account frictions in the 

inter-sectoral movement of low-skilled workers. Specifically, our framework does 

not include search and reallocation costs. Under this perspective, we differ from 

Turnovsky and Basher (2009) and Chatterjee et al. (2022) who consider that moving 

from the informal to the formal sector absorbs personal time. They introduce an 

incentive to smooth the intersectoral transition, discouraging significant changes, 

by assuming that the loss function is quadratic in the additional time workers decide 

to spend in the formal sector. Although the inclusion in our framework of such costs 

would not alter the outcomes of our steady-state analysis or the direction of the 

transition dynamics (provided the cost structure remains symmetric), it would have 

a noticeable impact on the variations along the transition path. 33 In the presence of 

such costs, workers tend to prefer gradual adjustments. Consequently, the transition 

towards the steady state last longer.

33 Furthermore, Aleksynska et al. (2023) find that the transition between formal and informal 
employment generates heterogeneous effects according to workers’ characteristics.
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Figure 9: Optimal tax rate and infrastructure – transition dynamics. Both graphs report the transition 

dynamics induced by the introduction of the minimum wage. Tax rate paths are reported

in percentage points while infrastructure paths are reported in percentage variations.

As a final experiment, we analyze the implications of introducing a minimum 

wage in an economy that is in steady-state equilibrium under the unregulated 

regime. 34 We analyze two scenarios, which differ in the value of 𝜂, with the pur-

pose of showing the adjustment path according to the sign in the difference between 

the new and the old steady-state value of infrastructure. Both Figure 9a and b 

show the evolution of the tax rate, measured in percentage points relative to the 

steady-state value of the unregulated regime, as well as the percentage change in 

the stock of infrastructure compared to its initial level. In Figure 9a, 𝜂 = 0.02 and 
the steady-state value of infrastructure in the regulated regime is lower than in 

the unregulated regime. Upon introducing the minimum wage, the optimal tax rate 

rises smoothly, as the economy converges to a lower value of infrastructure. The 

increase in the tax rate is induced only by the reduction in the tax base. Figure 9b 

reports the results for 𝜂 = 0.04, which implies an increase in the steady-state value 
of infrastructure. In this case, the tax rate is set above the new steady-state optimal 

value and then decreases towards the new steady state.

7 Conclusions

This paper studied the optimal financing of public infrastructure for low-income 

countries where the informal economy employs a large share of the labor force. We

34 We assume that individuals do not anticipate the regime change.
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built a two-sector model accounting for heterogeneous labor along the skill dimen-

sion where infrastructure investment is financed through labor-income taxation. 

Our primary purpose was to analyze how a binding minimum wage, which defines 

the informality regime (regulated vs unregulated), affects infrastructure financing 

in poor-income countries.

We found that the minimum wage increases the optimal tax rate, resulting in 

increased infrastructure accumulation and reduced income inequality. Simultane-

ously, the economy witnesses decreased aggregate consumption and a higher share 

of the informal economy. Furthermore, unlike most of the literature, we highlighted 

that when infrastructure investments benefit also the informal sector and the tax 

rate changes accordingly, the economy does not always witness an increase in the 

informal share of employment.

Overall, the introduction of a minimum wage generates a wage gap among 

workers in different sectors. Once the minimum wage is binding, neither a rise in 

the tax rate nor enhanced productivity in the informal sector lead to a shift of work-

ers towards informal employment. The absence of these effects markedly alters the 

optimal tax rate under the regulated regime, as higher tax rate does not imply a 

lower tax base.

Our analysis of the transition paths highlights interesting differences between 

the regulated and the unregulated regimes. It emerged that under the regulated 

regime the economy adjusts more swiftly in terms of infrastructure investments, as 

it is optimal to implement a higher increase in the tax rate. The analysis of the pol-

icy experiment of introducing a minimum wage uncovered that, contingent on the 

extent to which the informal economy seizes infrastructure investments, the new 

infrastructure steady state can be either lower or higher. In the latter scenario, the 

economy experiences a sudden increase in the tax rate simultaneous to the intro-

duction of the minimum wage. In the former scenario, the tax rate rises smoothly 

along the transition path.

This contribution represents a starting point for future research. For example, 

it would be interesting to further examine the effects of introducing a minimum 

wage on workers’ endogenous choices, such as migration, as these choices may 

affect model results. In our framework, the introduction of a minimum wage sig-

nificantly reduces the income of high-skilled workers, thereby increasing their 

incentive to migrate abroad (Beine et al. 2008). However, accounting for this option 

introduces at least two mechanisms that could counteract the decline in income of 

the high-skilled workers and mitigate the magnitude of our results. First, the exo-

dus of high-skilled workers would make them scarcer domestically, increasing the 

marginal productivity and wage of those who remain. Second, the central planner 

would need to internalize migration flows and set a lower tax rate. Another topic
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that would be worth deepening is the inter-generational welfare analysis in coun-

tries far away from the optimal level of infrastructure, as there could be a signifi- 

cant time lag between the financing and the availability of infrastructure. Finally, 

the interaction between infrastructure and private capital accumulation may also 

affect model results. However, a more comprehensive analysis would necessitate 

considering additional forms of taxation and household heterogeneity, given that 

only a small portion of individuals living in low-income countries engage in savings.

A Appendix

The appendix provides additional material that complements the analysis of the 

paper. Section A.1 shows the stability of the steady states in both regimes. Section A.2 

provides the derivation of the mathematical conditions outlined in Section 3 of the 

paper. Section A.3 reports the sensitivity analysis.

A.1 Steady-state Stability

Figure A.1 reports the transition function of k t and k t+1 along with a 45-degree 

line. The figure clarifies that our model, under both regimes, has a unique and 

stable steady state. 35 Similar graphical representations are obtained for different 

parameterizations and steady states.

A.2 Assumptions

This appendix reports conditions granting the presence of informality with the 

high-skilled workers’ wage always higher than low-skilled workers’ wage. Infor-

mality arises in the unregulated regime if
(
𝑤 l, f ,t

(
z f ,t = z t

))
< 𝑤 l,i,t which implies

that the level the skill ratio in the economy, z, is small enough:

z < z u =
(

Bk 𝜂−𝜀(
1 − 𝜏 t 

)
(1 − 𝛼)A

) 1

𝛼

, (A.1)

where z u decreases with the stock of infrastructure, as the low-skilled wage in the 

formal sector increases with H (due to complementarity of labor services) and with 

k t (as infrastructure positively affects the formal sector TFP). A similar condition

35 To conduct this set of simulations we use the benchmark calibration, see Section 5.1. For the 

regulated regime we set the minimum wage equal to two times the benchmark low-skilled wage 

under the unregulated regime.
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Figure A.1: Transition function. Both graphs report the transition functions. Panel (a) reports

the transition function for the unregulated regime, Panel (b) reports the transition function for the 

regulated regime.

holds for the regulated regime. Under this case, informality arises if the enforce-

ment of the minimum wage would induce unemployment in the formal sector,  (
𝑤 g 

l, f ,t

(
z f ,t = z

) ) 
< 𝑤 min , which is equivalent to: 

z < z r =
(

𝑤 min
(1 − 𝛼)Ak𝜀t 

) 1

𝛼 

. (A.2)

For the regulated regime, we also assume that the minimum wage is high enough, 

meaning that the minimum wage (after tax) is higher than the wage paid by infor-

mal firms: 

𝑤 min >
Bk

𝜂

t 

1 − 𝜏 t 
.

Finally, we assume that the high-skilled workers’ wage is always larger than 

the low-skilled workers’ wage. For both regimes, this requires assuming:

z <
𝛼

1 − 𝛼 . (A.3)

It is important to note that for 𝛼 = 1 
2 
, the RHS of the above equation equals 1 and 

tends to infinite for 𝛼 approaching to 1. Given that we assume 𝛼 < 1 and that z 
is low in low-income countries, the above condition is easily met in low-income 

countries. It is also apparent that, as long as assumptions A.1 and A.2 hold, that the 

economy approaches to a steady-state with a positive level of informality.
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A.3 Sensitivity Analysis

This section evaluates the robustness of our main findings to changes in the cal-

ibration strategy. We consider three main variants of our benchmark calibration 

described in Section 5.1:

1. Different values of the share of high-skilled workers in the economy, calculated 

from Barro and Lee (2013) and referring to 2010.

2. Different values of the depreciation rate, one higher 𝛿 = 0.1 (Kydland and
Prescott 1982) and one lower 𝛿 = 0.032, see Krusell and Smith Jr (2015).

3. A different reference group of countries, matching data from SAR countries.

This implies changes in the informal sector shares ( Y i
Y i +Y f 

= 28.8%, L i
L i +L f 

=
58.7%) and in the share of high-skilled workers, equal to 7.4 % in 2015. In line 
with what done for SSA countries, we consider an additional calibration setting 

with the share of high-skilled workers equal to its 2010 value, 6.6 %.

Table A.1 summarizes all these sensitivity analyses, reporting the new calibrated 

values of 𝛼 and the TFP ratio A 

B
in the first and second rows. The third and fourth

rows report the optimal tax rates for the unregulated
(
𝜏 C,u

)
and regulated

(
𝜏 C,r

)

regimes. In all these experiments we keep 𝜂 = 0.04, and the minimum wage equal 

to 1.4 times the value of the low-skilled workers’ wage that emerges in the bench-

mark scenario. 36

Considering a lower share of the high-skilled workers affects the parametriza-

tion of the TFP ratio, A 
B
, which increases in both SSA and SAR countries. This occurs 

because a reduction in the ratio H

H +L requires a higher TFP gap between sectors 

to maintain the same productivity gap between formal and informal sectors. The 

value of 𝛼 and of the optimal tax rates are only slightly affected.
Compared to SSA countries, SAR countries are on average characterized by 

a higher proportion of high-skilled workers, a lower informal sector share and a 

higher gap between the informal sector shares in terms of employment and GDP 

(almost 30 percentage points of difference in SAR countries vs 25.3 in SSA countries). 

These differences translate into higher calibrated values of 𝛼 in SAR countries. Fur-
thermore, optimal tax rates are lower in SAR countries under both regimes – 7.7 % 

versus 8.1 % in the unregulated regime and 8.6 % versus 11.3 % in the regulated 

regime.

The sensitivity analysis concerning different values of the depreciation rate 𝛿 
confirms the theoretical predictions from the analytical solutions (Equations 17 and 

18). We observe a positive relationship between the depreciation rate and optimal

36 Graphs in line with the ones reported in Section 5.2 are available upon request.
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Table A.1: Sensitivity analysis.

SSA SAR

Bench h = 2.7 % 𝜹 = 0.1 𝜹 = 0.032 h = 7.4 % h = 6.6 % 𝜹 = 0.1 𝜹 = 0.032

𝛼 0.66 0.64 0.66 0.67 0.75 0.74 0.75 0.75
A

B
10.69 13.72 10.7 10.5 11.5 12.3 11.5 11.2

𝜏 C,u 0.081 0.081 0.085 0.053 0.077 0.077 0.081 0.050

𝜏 C,r 0.113 0.115 0.119 0.073 0.086 0.097 0.101 0.062

This table reports the calibrated values of 𝛼, the TFP ratio A

B
, and the optimal tax rates at steady state 

implied by the model: 𝜏 C,u for the unregulated regime and 𝜏 C,r for the regulated regime. For

compactness, we use h = H

H+L to denote the proportion of high-skilled workers. SSA Countries: Bench 

represents the benchmark calibration used in the main text of the paper with h = 4.31 %, informal 
employment share equal to 61.7 %, and informal GDP share equal to 36.4 %. The second column 

considers a lower share of high-skilled workers (h = 2.7 % from 2010 data), while the third and fourth 

columns examine different depreciation rates (𝛿 = 0.1 and 𝛿 = 0.032, respectively). SAR Countries: 
The calibration targets informal employment share equal to 58.7 % and informal GDP share equal to 

28.8 %. As for SSA countries, the calibration considers the share of high-skilled workers observed in 

2015 (h = 7.4 %) and in 2010 (h = 6.6 %), and two alternative values of the depreciation rate.

tax rates in both regimes across both geographical areas. When the depreciation 

rate increases from 0.032 to 0.1, optimal tax rates rise substantially – for example, 

in SSA countries, the regulated regime tax rate increases from 7.3 % to 11.9 %. This 

pattern reflects the need for higher taxation to maintain adequate infrastructure 

investment when capital depreciates more rapidly.
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