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Abstract

Developing countries have more self-employment and less wage employment than
developed countries. Along these lines, this paper documents two interesting facts.
First, self-employed and wage-employed have distinguishable occupational distribu-
tions in low-income countries, with the self-employed concentrating on home-production-
related occupations. Second, the decrease in home-production-related self-employment
is the primary driver of the decline in the self-employment rate along the develop-
ment path. Given the enormous amount of the self-employed in developing coun-
tries, it is essential to understand how policies affect the size of the wage and the
self-employment sectors. This paper builds a simple heterogeneous agent model with
occupational choice. My innovation is to assume that the self-employed and the wage-
employed produce different goods, in line with the empirics. The model calibrated
to Tanzania shows that with a realistic elasticity of substitution between goods pro-
duced by two sectors, occupational choice in response to corporate tax cuts is only
1/3 as elastic as in a case with very high substitutability. The rationale is that when
the wage and self-employment sectors provide goods that are harder to substitute,
a reduction in the supply of home production substitutes increases its price, making

self-employment more attractive, thus weakening the effectiveness of those policies.
Keywords: self-employment, policy reform, home production, occupational choice
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1 Introduction

This scene might look familiar to anyone who has ever been to a developing country:
bumpy yet busy streets are constantly flooded with street vendors shouting out to sell,
contrasting with the silent boulevards in the developed world. In low-income coun-
tries, disproportionally, more people set up small informal businesses and become self-
employed. In high-income countries, becoming an employee for a formal sector firm is
the norm. International Labor Organization (ILO) statistics show that, on average, self-
employment takes up 61% of the non-agricultural labor force in low-income countries,
while barely 12% in high-income countries. Despite numerous attempts to crack down
on informal self-employment and promote employment in more efficient firms, high self-
employment seems like a deep-rooted phenomenon in many low-income countries. Why
is it so hard to encourage wage employment in developing countries? This paper aims to
answer this question by evaluating policy experiments in a quantitative model featuring
a realistic characterization of self-employment and wage employment.

Admittedly, the ubiquity of the self-employed might provide some convenience to
daily life, but it also poses challenges to developing economies. First, most self-employed
work in the informal sector and don’t contribute to tax revenue, and their economic ac-
tivities are notoriously hard to monitor. The substantial presence of tax-avoiding self-
employment dramatically reduces the fiscal capacity of a nation, causing severe bud-
getary strain for governments in developing countries. Second, the literature has shown
that self-employment activities are less productive than the corporate sector. Having so
many labor forces centering on the low-productivity sector and with scanty earnings to
spare may be a source of misallocation, thus worrying the policymakers.

Encouraging wage employment is generally a goal for policymaking in low-income
countries. According to the United Nations” Sustainable Development Goals, promoting
decent work, fostering industrialization, and reducing inequality is paramount. Hence,
it is essential to have a framework to understand the high rate of self-employment in
developing countries and how it reacts to policies aimed at reducing it.

A strand of literature studies whether policy reforms are effective at promoting wage



employment. Quantitative analysis (Ordonez, 2014; Gollin, 2006; Ihrig and Moe, 2004)
shows that tax reforms have a large effect on reducing the informal self-employment rate
and increasing the share of employment in formal firms. However, natural experiments
in Vietnam (Pham, 2020), China (Li, Liu, and Sun, 2021), India (Hasan, Jiang, and Rafols,
2021), and Brazil (Rocha, Ulyssea, and Rachter, 2018) suggest the opposite. This paper
attempts to reconcile the discrepancy between the quantitative and the empirical litera-
ture’s findings. My main insight is that the quantitative models miss a crucial feature of
self-employment: it supplies goods and services very different from the wage sector.

My paper makes several main contributions. Empirically, I establish two stylized facts.
First, a remarkable difference exists between the self-employed and the wage-employed
occupations in low-income countries. The self-employed tend to concentrate on jobs that
provide marketable home production goods or services. Therefore, it is unsurprising
that you see many street food vendors, hairdressers, cleaners, and helpers in developing
countries. Since the self-employed and the wage-employed take on different professions,
it implies the goods or services they bring to the economy will be different. Second,
the reduction in home-production-related self-employment accounts for around 70% of
the decline in self-employment rate with economic development. High-income countries
have a much lower self-employment rate than low-income countries, primarily because
of a sharp decrease in home-production-related self-employment with income level.

Theoretically, my innovation is to incorporate the empirical evidence in an occupa-
tional choice model by assuming the wage-employed and the self-employed produce dif-
ferent goods, in contrast to the existing literature. In a simple setting, heterogeneous
agents choose occupations based on their idiosyncratic earning ability and taste for self-
employment. The wage-employed work in a representative firm, which produces man-
ufacturing goods and is subject to corporate income tax. At the same time, the self-
employed provide home production substitute goods and escape the tax burden. Assum-
ing all wage-employed produce manufacturing goods and all self-employed make home
production substitute goods is designed to capture the fact that two employment sectors
bring distinct goods and services to the market. Since there are two goods in the economy,

the relative price of home production substitute goods directly affects self-employment



income. Thus, when making an occupational choice, not only does the wage rate matter
but so does the relative price. Moreover, as there are home-production substitute goods
in the economy, I also model households” home production time so that they can make
home-production goods themselves, like cooking at home instead of buying lunch from
food trucks. It’s a general equilibrium model where agents solve the occupational choice
problem by choosing the optimal occupation, time use, and consumption bundle.

I calibrate the model to Tanzania’s economy. Tanzania is a sub-Saharan country that
tits my model setting well. Around 60% of the self-employed are doing home-production-
related professions for a living. The high informality rate is a pressing issue as the former
agricultural workers move to urban areas at the initial stage of structural transforma-
tion. The country also has a good data source that facilitates calibration. The Tanzania
Integrated Labour Force Survey (ILFS) covers a wide range of topics that provide a com-
prehensive view of Tanzania’s economy. More importantly, ILFS contains the Time Use
Survey (TUS) data, which is uncommon for low-income countries. TUS data allows me to
target moments in the household’s time use. ILFS thus provides a useful set of calibration
targets.

Using the calibrated model, I study the effect of corporate tax cuts on promoting wage
employment. In a setting where the self-employed and the wage-employed produce dif-
ferent, not too highly substitutable goods, wage employment is essentially inelastic to
the tax reform, consistent with the natural experiment evidence. According to the model,
with lower corporate taxes, the corporate sector demands more labor, and the equilibrium
wage rate increases, making wage employment more appealing. The existing literature
also captures this effect. However, while the wage incentive moves the self-employed
to work in the formal sector firm, my model predicts that fewer people provide home-
production-substitute goods; thus, the relative price of these goods will increase, making
self-employment still a relatively attractive choice. The policy experiment implies that
the elasticity of substitution between the goods produced by two employment sectors is a
crucial parameter of the effectiveness of tax reforms. When the two goods are good sub-
stitutes, corporate tax cuts are three times as powerful in promoting wage employment

as the benchmark scenario because the demand for home-production-substitute goods is



subdued. Thus, the relative price effect that makes self-employment equally favorable

becomes less influential.

Related Literature. Besides contributing to the literature that theoretically and empiri-
cally studies how tax policies affect wage employment, as mentioned above, this paper
also contributes to the following strands of literature.

First, the literature on self-employment and development (Poschke, 2023; Gindling
and Newhouse, 2014; Gollin, 2008) shows that the self-employment rate negatively cor-
relates with the national income level. I contribute by investigating the occupations of
the self-employed in low-income countries and finding out that the self-employed and
wage-employed take different professions. Moreover, I identify that the self-employed
that provide home-production-substitute goods account for around 70% of the decline in
the self-employment rate with economic development.

Second, the model is linked to the literature on occupational choice and entrepreneur-
ship (Feng and Ren, 2023; Bento, Shao, and Sohail, 2023; Gu, 2021; Buera, 2009) and more
closely to “necessity entrepreneur” (Herreno and Ocampo, 2023; Fairlie and Fossen, 2018;
Poschke, 2013b), who are more likely to have low-skills, be own-account workers, and
take jobs mainly for subsistence needs. I contribute by looking deeper into the nature of
these necessity entrepreneurs and explicitly modeling them as providing home produc-
tion substitute goods, an imperfect substitute of goods made by the wage-employed.

Third, this paper is closely related to the literature studying the informal sector and
its regulation (Abras et al., 2018; Ulyssea, 2018; Ordonez, 2014; Almeida and Carneiro,
2012). Most self-employed work in the informal sector in developing countries, so the
quantitative exercise provides a rigorous foundation to explain why formalization efforts
were unsuccessful in some experiments (De Mel, McKenzie, and Woodruff, 2013; Kaplan,
Piedra, and Seira, 2011).

Fourth, this paper broadly falls in the literature on structural transformation and
home production (Gottlieb et al., 2023; Ngai, Olivetti, and Petrongolo, 2022; Dinkelman
and Ngai, 2021; Ngai and Petrongolo, 2017; Ngai and Pissarides, 2007). I contribute by

studying a setting that fits into the initial stage of structural change, where labor moves



out of the agricultural sector. More uniquely, agents must decide between being wage-
employed in the manufacturing sector or self-employed in the service sector. This paper
provides some insights on occupational choice along the structural transformation pro-
cess.

The remainder of the paper follows. Section 2 presents two stylized facts regarding
self-employment and wage employment across countries. Section 3 introduces a simple
occupational choice model. Section 4 details the calibration where Tanzania is a case

study. Section 5 shows the policy experiments. Finally, Section 6 concludes.

2 Stylized Facts

This section presents two stylized facts on wage employment and self-employment. The
tirst fact regards whether wage-employed and self-employed are engaged in different
professions in developing contexts. The second fact probes into what accounts for the

major decline in the self-employment rate with economic development.

2.1 Occupational heterogeneity

First, I empirically test if a difference exists between jobs taken by the wage-employed and
the self-employed. The quantitative literature, which assumes two employment sectors
produce the same goods, implies that wage-employed and self-employed have similar
jobs. Hence, I examine the empirical occupational distribution to check if this assumption
holds.

The International Labour Organization (ILO)’s dataset on employment by status in
employment and occupation sheds light on this point. The dataset compiles labor force
survey data from 136 countries from 2000 to 2022. The country coverage ranges from
low-income countries whose GDP per capita (in 2023 US dollar) is lower than $500, such
as Burundi, Cambodia, Congo, Ethiopia, and Somalia, to high-income countries whose
GDP per capita is higher than $100,000, such as Luxembourg and Norway. Therefore, the

dataset provides a comprehensive view of how occupational choices differ by status in



employment for countries with different income levels.

Classifications of employment status and occupations used in the ILO dataset follow
international standards, which helps to harmonize labor force surveys in different coun-
tries. By status in employment, an employed person could be wage-employed or self-
employed, where the self-employed category includes employers, own-account workers,
members of producers’ cooperatives, and contributing family members. The ILO follows
the International Standard Classification of Occupation, 2008 (ISCO-08) and divides all
occupations into ten major groups. I exclude agricultural and armed forces occupations
because I focus on occupational choice in an urban setting, thus leaving me with eight
major occupation groups.

I consolidate the eight occupation groups in the ILO into four major groups. The con-
solidated groups include (1) managers, professionals, technicians, associate profession-
als, and clerical support workers; (2) manufacturing occupations; (3) home-production-
related occupations; (4) other sales. Details of the consolidation can be found in the Ap-
pendix.

Occupational distribution by employment status is quite diverse for countries at dif-
ferent stages of economic development. Therefore, it is essential to separate the occu-
pation distribution for countries at different income levels. Following the standard of
the World Bank, I classify countries into four groups based on GDP per capita in 2019:
low income, lower-middle income, higher-middle income, and high income. This section
focuses on presenting the results in low-income and high-income countries.

I use each country’s most recent survey data to calculate the occupational distribution
in four major groups for wage-employed and self-employed separately. Within each em-
ployment status, the probability in four occupation groups sum up to 1. Then, I take the
average for each occupation group across all countries in the same income-level category.

Figure 1 presents the average occupational distribution by employment status in high-
income countries.The wage-employed (Panel a) and the self-employed (Panel b) exhibit
very similar distributions across four major occupational groups. In contrast, Figure 2
reveals a markedly different pattern in low-income countries, where the occupational

distributions between the wage-employed and the self-employed are distinct. In these



countries, around half of the self-employed are engaged in home-production-related oc-
cupations, while most of the wage-employed are concentrated in professional and manu-

facturing occupations.



1 Professionals 2 Manufacturing 3 Home-production-related 4 Other sales

(a) Wage-employed

1 Professionals 2 Manufacturing 3 Home-production-related 4 Other sales
(b) Self-employed
Figure 1: Consolidated occupational distribution by employment status in HICs

Notes. This figure presents the average occupational distribution of the wage-employed
(Panel (a)) and the self-employed (Panel (b)), respectively, in high-income countries. Data
source: International Labour Organization (ILO) dataset on employment by status in employ-

ment and occupations.
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Figure 2: Consolidated occupational distribution by employment status in LICs

Notes. This figure presents the average occupational distribution of the wage-employed
(Panel (a)) and the self-employed (Panel (b)), respectively, in low-income countries. Data
source: International Labour Organization (ILO) dataset on employment by status in employ-

ment and occupations.
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In developing contexts, the self-employed primarily focus on home-production-related
occupations, whereas most wage-employed individuals work in professions that require
higher skill levels, such as managers, professionals, and technicians. Consequently, it is
inappropriate to assume that both employment sectors produce the same types of goods.
In the model section, I will address the differences in the nature of work between these

two employment sectors based on this observed pattern.

2.2 The decline of the self-employment with development

The literature indicates that self-employment decreases as countries develop. Empirical
findings in the previous subsection suggest that in poorer countries, many self-employed
individuals work in home-production-related occupations. This raises a natural ques-
tion: how are these phenomena related? Specifically, does self-employment in home-
production-related occupations decline with development, and how significant is this
decline in contributing to the overall decrease in self-employment as development pro-
gresses?

ILO’s data on employment by status in employment and occupation answers this
question. I focus on non-agricultural occupations and divide them into home-production-
related or non-home-production-related occupations. Then, I calculate the proportion of
the self-employed in these two occupation groups out of all employed for each country
using its latest survey data. A country’s income level is measured by the log GDP per

capita in 2019 (in 2023 US dollars).
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Figure 3: Proportion of (non-agr.) self-employed out of all (non-agr.) employed

Notes. This figure shows the relationship between the proportion of non-agricultural self-
employed out of all employed with log GDP per capita. Data source: International Labour

Organization (ILO) dataset on employment by status in employment and occupations.

Figure 3 replicates the empirical findings in (Poschke, 2023; Gollin, 2008) that the self-
employment rate has a negative correlation with economic development. Self-employment
is the dominant mode of employment in low-income countries. On average, 61% are self-
employed in low-income countries where log GDP per capita is less than 7, compared
to merely 12% of the self-employment rate in high-income countries whose log GDP per
capita is more than 10.

Figure 4 indicates that the decline of self-employment in home-production-related oc-
cupations is the primary driver of the decrease in the self-employment rate with economic
development. The average home-production-related self-employment rate plunges from
36% in low-income countries to 2% in high-income countries, while the average non-
home-production-related self-employment rate decreases from 24% to 10% from low-
income to high-income group. A back-of-envelope calculation shows that the sharp de-
crease in self-employment in home-production-related occupations accounts for around
70% of the decline in self-employment with GDP per capita. The slope of the fitted line
in Figure 3 is —0.1046, while the slope of the fitted lines in Figure 4 are —0.0715 and
—0.0331, respectively. The regression coefficients confirm that the big jump comes from

home-production-related self-employment.
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Figure 4: Prop. of home-production and non-home-production SE out of non-agr. em-

ployed

Notes. This figure shows the relationship between the proportion of home-production-related
self-employed (Panel a) and non-home-production-related self-employed (Panel b) out of all

employed with log GDP per capita. Data source: International Labour Organization (ILO).

As the decrease in home-production-related self-employment rate is the key to the de-
cline in self-employment as a country develops, it is essential to understand how policies

affect the size of this specific group of people.

3 A Model of Occupational Choice

Since self-employment is the dominant form of employment in low-income countries, I
need a model to quantitatively evaluate if policies can effectively lessen the self-employment
rate and encourage wage employment in more productive firms. This section presents a
standard occupational choice model (Gollin, 2008, 2006), incorporating the empirical ev-
idence that the self-employed and the wage-employed produce different goods. My in-
novation is that I assume the self-employed produce home production substitute goods,
while the wage-employed produce other distinguishable goods, which I will call man-
ufacturing goods for simplification. Since there are marketable home production substi-

tute goods in the economy, I also explicitly model home production goods and services

13



the households make that are not tradeable, such as homemade meals, care for children,

cleaning the houses, etc.

3.1 The model setup

Heterogeneous agents. A continuum of agents of measure 1 populates the economy:.
Agents are heterogeneous in two dimensions: earning ability as a worker, v, and taste
for self-employment, ¢. I assume that v follows log-normal distribution, ¢ follows normal
distribution, and both distributions are independent, i.e., Inv ~ N(u,,02), 1 ~ N(u,,0?),

and v L «. The probability distribution functions of v and ¢ are f(v) and ¢(¢), respectively.

Time use. Each agent has 7 amount of time endowment, which they can allocate in

three activities: market work, n, home production, /, and leisure, [.

Preference. Agents value composite consumption goods, .o, and leisure time, [. The

utility function has the CRRA form:

lea llfo

w= 0 (1= 0) . (1)

— 0 — 0

The composite consumption good c.,,, is a CES aggregate of manufacturing goods,

cm, and home goods, ¢;,, with elasticity of substitution being e:

Ceom = (qﬁc:n%l +(1 - 45)0;51);1 : (2)

The corporate sector produces manufacturing goods, ¢,,,. Home goods, ¢, is another
CES aggregate of home production goods, c¢,,, and home production substitute goods

purchased on the market, c,;,, with elasticity of substitution being ¢:
ot &1\ 1
Ch = (wcp;f +(1 =)y ) : (3)

The corporate sector. A representative firm produces manufacturing goods, c,,, which
is the numeraire in the economy. The wage-employed work in this firm. The corporate

sector’s production technology is V,, = zN'~*, where z is the TFP term and N is the sum
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of the efficient amount of labor by all workers. For a worker with earning ability, v, and
spends n amount of hour on market work, the efficient labor she supplies is vn. The firm
is subject to the corporate tax at the rate 7. The corporate sector hires the optimal amount

of labor by maximizing its profit:

max M= (1-7)z2N"*—wN 4)

FOC:
(@)

o a B (1 -7)(1=a)Y,
a_N_<1_T)<1_a>ZN —w=0= N%= ” )

The corporate sector earns positive profit:

I* = aY,,. (6)

Home production technology. Two types of home goods exist in the economy. The first
is home production goods, c,,, that everyone makes and then consumes, which are not
tradable on the market. The second is home production substitute goods, c,;,, that the
self-employed make and are marketable. The two types of home goods are not identical.
Due to customization and sophistication, comparing the productivity of the production

of these two goods ex-ante is not apparent.

Home production goods. Agents do home production using their home production
hours with a linear production technology: y,, = ph. p measures the home production
productivity. The inventions of more efficient home appliances, like washing machines
and vacuum robots, greatly reduce the time required to perform a certain amount of home
production, which can be captured by an increase in p. Home production goods are not

tradeable, and agents consume all the home production goods they produce: ¢y, = ysp.

Home production substitute goods. Agents can purchase home production substi-
tute goods on the market, c,,. For example, you can buy your lunch from a food truck
instead of cooking at home. The self-employed in the economy produce home production

substitute goods using their market work time: y,;, = {n. £ measures the productivity of

15



the self-employed in their market work. The home production substitute goods are trad-

able at the equilibrium price p.

The government sector. The government collects taxes in the unit of manufacturing
goods. The government spends all the tax revenue. I assume the agents do not value
government spending for simplification, which is also a standard assumption in the liter-

ature.

Occupational choice. There are two occupational choices available in the economy. An
agent could either be a wage worker, working in the corporate sector. Alternatively, an
agent could be self-employed and produce home production substitute goods.

For the wage-employed, earning ability v determines the efficient amount of labor a
worker can supply for each working hour. Given equilibrium wage rate w, an agent’s
earning ability v, and working hours n, the income for a worker is wvn.

For the self-employed, by assumption, they produce home production substitute goods,
like restaurant meals, cleaning services, personal care services, etc. Home-production-
related occupations take up a significant proportion of the self-employed in develop-
ing countries. Therefore, assuming all the self-employed are providing home-production
substitute goods is a simplification to distinguish the nature of the self-employed is dif-
ferent from the wage-employed in developing countries. Given the equilibrium price
of home production substitute goods p, the self-employed productivity ¢, and working
hours n, the income for a self-employed is pén.

Agents choose an occupation based on higher utility. Besides utility from compos-
ite consumption goods, ¢, and leisure time, [, agents receive an additional amount
of relative utility, ¢, from self-employment. . follows normal distribution ¢ ~ N(y,,0?);
but for a given individual, his/her ¢ is fixed instead of random. The relative taste for
self-employment differs across agents. Some agents might have a higher ¢ since they
value the freedom from being self-employed; others may have a lower ¢ if they think
providing home production substitute goods is less prestigious. The utility from each

occupation comes from each agent’s optimization problem by choosing the consumption
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bundle and time allocation. . (¢, ¢, [; V) is the optimized utility an agent can get from
being wage-employed by solving the problem (8), which depends on the state variable, v;
while u}, (¢, cn, [; v, ) is the optimized utility an agent can obtain by being self-employed
from the problem (10), which depends on two state variables, v and ¢. By comparing opti-
mized utility from two occupations, an agent chooses either wage-employed, o(v, ¢) = we,

or self-employed, o(v, ¢) = se.

I{nax }{uze(cm,ch,l;u),u:e(cm,ch,l;V, L)} (7)
ocqwe,se

1. wage-employed:

l1—0o llfcr

c
h,},rclf?gph Unpe (Comy Chy L3 V) = 9—1 ‘ima +(1—19) T (8)
sit. cm+pepn = wv(T —h —1) )
2. self-employed with taste as ¢:
Cl—a ll—o
max  Ugse(Cm,cn, v, L) =0+ |0+ (1 —6) (10)
hvlvcnucph, 1 — 0 1 — g
sit. Cm+pepn =pl(T —h—1) (11)

where ¢, is a function of manufacturing goods, c,,, and home goods, c;, as defined
in equation (2); ¢, is a function of home production goods, ¢,;, and home production
substitute goods, c,,, as defined in equation (3); c,, is a function of home production

time h since ¢y, = ph.

General equilibrium. The equilibrium consists of the wage rate w, relative price of
home production substitute goods p, household’s career decision o(v, 1) € {wk, se}, deci-
sion on time allocation in market work, home production, and leisure, {n, h, !}, and deci-
sion on consumption in ¢,,, ¢, such that given prices, idiosyncratic earning ability v, and
preference for self-employment ¢, agents are maximizing their utility and the following

markets clear:

1. Manufacturing goods market clears. The manufacturing goods the representative

firm produces, Y,,, equals the total demand of goods c¢,,(v,¢) from everyone in the

17



economy.

Vo= [ [ et s@igtoydva (12)

2. Home production substitute goods market clears. The home production substitute
goods supplied by the agents who decide to become self-employed equals the total
demand from the economy. Both the wage-employed and the self-employed can
demand home production substitute goods. The idea is that there are different kinds
of home production substitute goods owing to specialization. For example, street

food vendors can also pay someone to babysit their children when necessary.
/ / En(v, o) f(v)g()dvde = / / con(v,0) f(v)g(v)dvde (13)

3. The labor market clears. The efficient amount of labor supplied by the agents who
opt to become wage-employed equals the labor demand from the corporate sector.
Workers” decision on how much time to devote to market work, n,,, depends only

on their idiosyncratic earning ability v.

// vn(v)f(v)g(v)dvde = (1= T)%J_ )V (14)

3.2 Equilibrium occupational choice

Using calibrated parameter values (details in Section 4), Figure 5 shows the equilibrium
occupational choice in the In v — ¢ space. This figure is an illustrative simulation of N =
1000 agents drawn randomly from calibrated distributions. The blue dots represent the
wage-employed, while the yellow dots represent the self-employed. Agents with higher
earning ability v provide more efficient labor in a given working hour as a worker, thus
receiving higher income, are more likely to be wage-employed. Agents with higher : have

a stronger preference for self-employment, and are thus more likely to be self-employed.

3.3 Consumption choice

Figure 6 displays the consumption choices by agents using calibrated parameters detailed

in Section 4. Agents who decide to be self-employed have the same productivity in both
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Figure 5: Occupational choice in In v - ¢ space

Notes. This figure illustrates the equilibrium occupational choices for each agent, selected
randomly from calibrated distributions. Each agent has a unique earning ability and taste for
self-employment. Blue dots represent agents choosing wage employment, while yellow dots

represent self-employment.

market work and home production work. Therefore, all self-employed make the same
consumption choices. Agents with higher earning ability, v, have higher income and thus
can afford more manufacturing goods, ¢,,, and home production substitute goods, c,,.
Meanwhile, higher-ability workers produce fewer home production goods due to less

time devoted to it (see Figure 7).

3.3.1 Income allocation

Each agent spends their income between buying manufacturing goods and home pro-
duction substitute goods. The optimal consumption bundle between these two goods, ¢,

and c,,, is derived explicitly in the Appendix C but presented here:
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(a) Cm (b) Cph (c) csn
Figure 6: Optimal consumption choice

Notes. This figure presents the optimal consumption choices for each agent in equilibrium,
which include manufacturing goods (panel a), home production substitute goods (panel b),
and home production goods (panel c). The green line shows the consumption choice for the
wage-employed with different earning abilities, while the purple dotted line is for the self-

employed.
(a) For the wage-employed:

;Tn:z - [p(l —lcl;)ygbl — ) (%)1 '

(b) For the self-employed:

% - [p(l —Zﬁ?l —v) (CC_Z)C] 6'

Holding other things constant, the 2 ratio is negatively correlated with p. The intuition
P

<

wvy =t
v+ (1-19) (m) ] (15)

<
=1

1-¢
bt (1) (L) (16)

p(1 =)

is simple: when home production substitute goods become relatively more expensive,
agents will respond by consuming more manufacturing goods compared to home pro-
duction substitute goods. The o ratio is also positively correlated with ¢, the elasticity of
substitution between manufacturing goods and home goods. When two types of goods
are easier to substitute, an increase in the price of c,, will lead the agents to adjust con-

sumption bundles by maintaining a higher = ratio.
Cph
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3.3.2 Home goods allocation

Agents also have an optimal consumption bundle between home production goods, ¢,

and home production substitute goods, c,,. The optimal ratio between two types of home

goods:
(a) For the wage-employed: i
== ien) <">
(b) For the self-employed: )

On the one hand, for the wage-employed, i’f: is negatively correlated with the relative
price, p. Workers will demand less of c,, and increase their home production time to
produce more c,;, when home production substitute goods become more expensive. On
the other hand, the self-employed people’s ELZ is independent of the relative price p. When

the price of goods they produce, p, increases, their incomes increase at the same rate, thus

allowing them to maintain the same consumption bundle between c,;, and c,y,.

3.4 Time use choice

An agent allocates time between market work, home production, and leisure. The optimal
time allocation for the three activities can be derived analytically, which you can find in
the Appendix C. Figure 7 presented the optimal time use for agents with different earning
abilities and occupations using calibrated parameter values detailed in Section 4.

Agents who opt to be self-employed have the same productivity and preference, there-
fore, they have the same time use choice. Wage-employed with higher earning abilities
spend more time on leisure and less time on work (market work plus home produc-
tion), due to a stronger income effect. Among work, market work time has an inverse
U-shape with workers’ abilities, while home production time has a negative relationship

with earning ability.
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wage-employed ‘wage-employed ‘wage-omployed

(a) Market work (b) Home production (c) Leisure
Figure 7: Optimal time allocation

Notes. This figure presents the optimal time use choices for each agent in equilibrium, which
include market work time (panel a), home production time (panel b), and leisure time (panel
c). The green line shows the consumption choice for the wage-employed with different earn-

ing abilities, while the purple dotted line is for the self-employed.

Market hour-to-home production hour ratio. In general, higher-ability workers main-
tain a higher market hour-to-home production hour ratio. Since wage-employed are het-
erogeneous in the productivity of market work while everyone has the same productivity
in home production, high-ability workers will work more in the market, earn more in-
come, and buy more home production substitute goods. Equation (19) confirms that 7

has a positive correlation with earning ability v.

=
= (=) (1/’ (i) +o ””)C () (&)
(19)

Meanwhile, an increase in the price of home production substitute goods p will bring

down the 7 ratio. The wage-employed will readjust their time allocation by spending

more time on home production to make home goods. For example, when it becomes

more expensive to eat outside, a rational worker will spend more time cooking at home

and bringing her food.
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4 Calibration: The Case of Tanzania

I calibrate the model to fit Tanzania’s economy in 2020. Tanzania is a low-income country
where around 60% of the self-employed are doing home-production-related occupations.
The country’s Development Vision 2050 highlights industrialization as one of the pillars
to foster economic growth. Raising wage employment and reducing self-employment in
a low-income country is generally a development goal of policymakers. As outlined in
the United Nations” Millennium Development Goals, promoting inclusive and sustain-
able economic growth, employment, and decent work for all is paramount. Tanzania had
some tax reforms to accommodate its development goal. For example, in 2018/2019, the
government reduced a few industries’ corporate income tax rates to encourage invest-
ment and increase employment opportunities for five years.

Tanzania also has excellent survey data that facilitates the calibration. The Tanzania
Integrated Labour Force Survey 2020/2021 covers a wide range of topics and incorporates
the Time Use Survey (TUS). It is very rare for a low-income country to have time-use data,
which is critical for the calibration exercise. With TUS, I can target moments on household
time allocation and gain better insights into how households spend time among market
work, home production, and leisure. I set some parameters to common values from the

literature and calibrate the rest internally.

4.1 Predetermined parameter values

To calibrate the model, I first predetermine some parameters using standard values in the
literature or through normalization. o is % so that 1 — o, the labor income share, is % I take
o, the relative risk aversion, from the estimated value in Fang and Zhu (2017). Inormalize
all the productivity parameters to 1. The benchmark corporate income tax rate, 7 = 30%,
is the tax rate in Tanzania before the tax reform.

¢, the elasticity of substitution between c,, and ¢;, is an important parameter. When
assuming the wage-employed and the self-employed produce homogeneous goods as in
the previous literature (Gollin, 2008; Thrig and Moe, 2004), it is equivalent to assume that

the elasticity of substitution between manufacturing goods and home goods is infinity.
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Aguiar, Hurst, and Karabarbounis (2012) survey the literature that estimates the elasticity
of substitution between market and home goods. The estimated parameter ¢ range from
slightly less than 2 to 2.3, and I choose € = 2 as in Gottlieb et al. (2023). In the quantitative
exercise, I also consider policy implications with a higher e.

I set ¢, the elasticity of substitution between c,;, and c,,, to be 4 because it is easier
to substitute within home goods than between home goods and manufacturing goods
(¢ > €). Moro, Moslehi, and Tanaka (2017) estimate this parameter value in the online Ap-
pendix B. Their estimates range from 0.267 to 6.850, depending on different specifications.

Therefore, setting ( = 4 is around the average of the estimates.

Table 1: Predetermined parameter values

Parameter Value
0 :
o, relative risk aversion 14
¢, elasticity of substitution between c¢,,, and ¢, 2
¢, elasticity of substitution between c,;, and c,, 4
z, TFP term 1
p, home production productivity 1
¢, NE productivity 1
T, total time endowment 1
{1, mean of In v 1
T, corporate tax rate 0.3

4.2 Targeted moments

I use the following six moments to calibrate the six remaining unknown parameters: (1)
standard deviation of log earning ability, 0,; (2) weight on consumption in the utility
function, 0; (3) weight on ¢, in the c,,, composite, ¢; (4) weight on ¢, in the ¢;, composite,
¥; (5) mean of taste for self-employment distribution, y,; (6) standard deviation of taste

for self-employment distribution, o,.
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Proportion of the self-employed. The data is from the ILO data on employment by
status in employment and occupation for Tanzania in 2020. I exclude occupations in
agriculture and armed forces and the self-employed who are not doing home-production-
related occupations. Then, the remaining sample includes the wage-employed and the
self-employed doing home-production-related occupations. The self-employment rate is

38%.

Average time use. The Time Use Survey within Tanzania’s Integrated Labour Force Sur-
vey 2020/2021 provides a detailed 24-hour diary for each interviewee. I categorize each
activity group into either market work, home production, or leisure. The market work
includes time spent on employment and related activities and the production of goods
for its own final use. Home production includes time spent on unpaid domestic services
for household and family members, unpaid caregiving services for household and fam-
ily members, unpaid volunteer, trainee, and other unpaid work. Leisure includes time
spent on learning, socializing, community participation, and culture leisure mass-media
and sports practices. I assume everyone spends 12 hours daily on self-care and mainte-
nance; therefore, everybody allocates the remaining 12 hours daily to market work, home
production, and leisure.

The working age population, those between 15 and 65 years old, spend, on average,
4.67 hours and 3.10 hours per day on market work and home production, respectively. For
those who do multitasking, I consider only the primary activity and allocate all the time
to it. Therefore, among the 12 hours of discretionary time, an average person allocates

39% to market work and 26% to home production, which become two targeted moments.

Standard deviation of log wage. The imputed hourly wage of the employees follows
a log-normal distribution, whose standard deviation is one of the targets. I compute the
hourly wage by dividing reported last week’s total paid income by last week’s working
hours for the working-age employees. A normal distribution fits the imputed log hourly
wage as seen in Figure 14 in the Appendix. The standard deviation of the log wage is

0.95.
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Average income ratio of the wage-employed and the self-employed. The wage-employed
have a higher average income than the self-employed, as revealed in the ILFS. I consider
total paid income as income for the wage-employed and total self income as income for
the self-employed doing home-production-related occupations. I exclude reported self
income that is negative. On average, the income of the wage-employed is 2.77 that of the

self-employed.

Non-home-production-related goods expenditure share. Tanzania’s National Account
sheds light on household expenditure between marketable home-production and non-
home-production-related goods. I separate each non-agricultural activity into either group,
which you can find detailed classification in the Appendix B.2. In 2020, around 71% of
the non-agricultural GDP occurred in the non-home-production-related sectors, while the

remaining 29% was in the home-production-related sector.

Table 2: Targeted moments

Model Data
Prop. of self-employment 0.38 0.38
Avg market work time 039 0.39
Avg household work time 027 0.26
Std log wage 095 0.9
Consumption goods expenditure share 071 071
Average income ratio: worker over NE 277 277

4.3 Calibrated parameter values

I calibrate the 6 unknown parameters jointly by minimizing the sum of squared distances
between each moment in the data and that of the model. Table 3 presents the calibrated
parameter values.

Some moments are more informative for calibrating specific parameters. Total work-

ing hours, market plus home production, help to pin down the weight of consumption 6.
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The weight of the manufacturing goods in the ¢, composite, ¢, determines household
expenditure share. The weight of home production substitute goods in the total home
goods composite, ¢, plays a role in how households allocate working time between mar-
ket work and home production. The standard deviation of log ability, o,, directly governs
the workers” standard deviation of log hourly wage.

Both ability and taste for self-employment determine an agent’s occupational choice,
the distribution of taste for self-employment is essential to understand how the occu-
pation choice is different from the one solely governed by the ability. The mean taste
for self-employment, ;i,, sheds light on the proportion of the self-employed in the econ-
omy. As you can see, on average, agents don’t prefer the self-employment over wage-
employment. A more dispersed taste distribution is more likely to lead to high-ability
agent choose self-employment sector due to extremely higher preference, thus reducing

the average income ratio between wage-employed and the self-employed.

Table 3: Calibrated parameter values

Parameter value

oy, std of Inv 1.0175
8, weight on consumption in the utility function 0.6471
¢, weight on c,, in the c.,,, composite 0.4348
1, weight on ¢, in the ¢;, composite 0.3462
{1, mean of ¢ -0.2568
o, std of . 0.8238

5 Policy Experiments

Based on the calibrated model that fits Tanzania’s economy in 2020, I conduct policy ex-
periments to study the effectiveness of tax reforms on promoting wage employment. I
consider two sets of policy reform: the first is to reduce the corporate income tax rate,

and the second is to increase regulation against informal self-employment.
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5.1 Corporate income tax cut

The rationale for using corporate income tax cuts to promote wage employment is this:
a lower corporate income tax rate increases the firm’s labor demand, thus elevating the
equilibrium wage rate. As the corporate sector offers more competitive incomes, it per-
suades some self-employed to switch to being wage-employed. In 2018/2019, Tanzania’s
government reduced the corporate income tax rate for the pharmaceutical and leather in-
dustries, intending to promote employment in these two industries. No post-reform data
is available yet to empirically examine this tax reform’s effectiveness. Meanwhile, I will

evaluate it quantitatively using the calibrated model.

Benchmark scenario. In this section, I assess quantitatively the effect of corporate in-
come tax cuts on the share of self-employment. I reduce the tax rate by 10% at a time,
from the original 30% to 0. Table 4 presents the occupational choice with tax reform. In
the second column, you can find the proportion of the self-employed in the economy at
a given tax rate indicated in the first column. The third column summarizes how many
self-employed people have switched to the wage-employment sector compared to the

original 30% tax rate case.

Table 4: Corporate tax cut in the benchmark scenario

Tax rate Prop. of SE Change in prop. of WE

0.3 38.30%

0.2 37.70% +0.6%
0.1 36.90% +1.4%
0 36.50% +1.8%

The quantitative exercise shows that corporate income tax cuts have a limited effect
on promoting wage employment, consistent with the empirical findings in Pham (2020)
but in contrast to the results in Gollin (2006). Figure 8 shows that few agents along the

indifference curve switch from self-employment (yellow dots) to wage-employment (blue
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dots), which are highlighted in the green dots.

Figure 8: Transition of occupational choice with tax reform

Notes. Blue dots represent agents who choose to be wage-employed throughout; yellow dots
represent agents who choose to be self-employed throughout; and green dots along the in-
difference line represent agents who switch from self-employed to wage-employed with tax

reforms.

The difference between my results and other quantitative findings in the literature
stems from the relative price of home production substitute goods that the self-employed
produce. With tax cuts from 30% to 0, the wage rate in the corporate sector increases,
as shown on the left axis in Figure 9. Higher wage incentivizes the self-employed to
switch to the wage-employment sector due to higher income. Now, less self-employed
in the economy are producing home production substitute goods. Due to limited sup-
ply, the relative price of home-production-substitute goods increases, as the right axis of
Figure 9 shows. The increase in the price of home production substitute goods makes
self-employment more profitable, thus putting a break on the switch of occupations.

In the quantitative literature that assumes the self-employed and the wage-employed

produce homogeneous goods, there is no relative price mechanism. Agents only respond

29



w, wage rate
p, price of home production substitutes

30% 20% 10% 0
Corporate income tax rate

Figure 9: Equilibrium prices

Notes. The x-axis represents the corporate tax rate from 30% to 0. The purple dashed line
shows the equilibrium wage rate (left y-axis) with the corporate tax cut, and the green dotted

line shows the equilibrium price of home production substitutes (right y-axis).

to the wage rate. With higher wage rates in the corporate sector, more self-employed will
switch occupations. Thus, the corporate income tax cut is more effective in promoting

wage-employment in their scenarios.

A higher elasticity of substitution. Now, I increase the elasticity of substitution € to a
higher value 10. In the literature, where it assumes homogeneous goods across sectors,
it is equivalent to think that the elasticity of substitution between goods produced by
the wage-employed and the self-employed is infinity. A higher elasticity of substitution
implies that two goods are more similar, thus bringing the analysis closer to the scenario
studied in the previous quantitative literature. I recalibrate the model with the new e. See
Appendix B.3 for details.

When the goods produced by the two sectors are more similar, corporate income tax

cuts have a more powerful effect on promoting wage employment. Table 5 shows that
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Table 5: Corporate tax cut with € = 10

Tax rate Prop. of SE Change in prop. of WE

0.3
0.2
0.1
0

38.30%
36.80%
35.40%
33.40%

+ 1.5%
+2.9%
+4.9%

at each level of the tax cut, almost three times as many self-employed would switch to

wage-employment compared to the benchmark scenario with a lower elasticity of substi-

tution presented in Table 4. As a result, we see more agents switch occupations along the

indifference curve, shown in green dots in Figure 10.

Figure 10: Transition of occupational choice with tax reform with e = 10

Notes. Blue dots represent agents who choose to be wage-employed throughout; yellow dots

represent agents who choose to be self-employed throughout; and green dots along the in-

difference line represent agents who switch from self-employed to wage-employed with tax

reforms.
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A less sharp increase in the relative price of home production substitute goods ex-
plains why tax cuts are more effective in promoting wage employment when the goods
produced in two sectors are more substitutable. Each agent holds an optimal amount
of consumption bundle between manufacturing goods and home-production-substitute
goods as shown in equation (15) for wage-employed and equation (16) for self-employed.
When manufacturing goods and home goods are easier to substitute (¢ higher) and less
self-employed producing home-production-substitute goods c,;, due to job switch, agents
will replace more ¢, with manufacturing goods c,,,. The reduced demand for ¢, trans-
lates into a slower-growing path of the price of home production substitute goods with
tax cuts, as Figure 11 shows. Since the home production substitute goods’ price increase
does not keep up with the wage increase with the tax reform, working in the corporate
sector has more comparative advantage for agents near the indifference curve. Therefore,
more self-employed will switch to work in the corporate sector. As a result, the corporate
tax cuts are more successful in promoting wage employment.

When € = 10, the trajectory of the relative price of home-production-substitute goods,
p, is almost flat with tax cuts. Therefore, it closely resembles the one-good scenario com-
monly studied in the literature, where there doesn’t exist a relative price effect.

To summarize, when assessing the impact of corporate income tax cuts on promoting
wage employment in a model with heterogeneous goods, the effect is minor, in line with
some empirical findings. The model suggests that the relative price reacts to the occupa-
tion transition and brings unintended consequences. With tax cuts, the wage rate in the
corporate sector will increase, attracting the self-employed to switch occupations. In the
meantime, due to less supply of home-production-substitute goods as the self-employed
left, the relative price of the goods provided by the self-employed will increase, thus at-
tenuating the effect of the tax reform. If the goods produced by the self-employed and
the wage-employed are easier to substitute, households demand fewer goods made by
the self-employed. As a result, the relative price increase will be slight when the self-
employed transit to the corporate sector, and the corporate tax cuts will be more powerful

to promote wage employment in this case.
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w, wage rate
p, price of home production substitutes

30% 20% 10% 0
Corporate income tax rate

Figure 11: Equilibrium prices when ¢ = 10

Notes. The x-axis represents the corporate tax rate from 30% to 0. The purple dashed line
shows the equilibrium wage rate (left y-axis) with the corporate tax cut, and the green dotted

line shows the equilibrium price of home production substitutes (right y-axis).

5.2 Increased regulation of the informal sector

Self-employment is generally connected with informal activities in low-income countries.
Many low-skilled set up small businesses for subsistence and don’t have any formal busi-
ness registration. As a consequence, these informal self-employed escape tax obligations
and impair the fiscal capacity of the country. Due to limited government revenues, devel-
oping countries often find themselves short of funding to finance projects that promote
long-term growth, like infrastructure investments or education.

To eradicate the informal sector and encourage formalization, governments often take
two measures. The first measure is to increase the surveillance of the informal sector.
For example, the government might employ more police to supervise, or those caught
in informal activities are subject to higher fines. The second measure is to reduce the
entry cost of the formal sector. It includes policies such as minimizing the processes to set

up the formal business, reducing the red tape, reimbursing formalization fees, providing
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registration assistance, etc. In a nutshell, the relative cost of staying in the informal sector
is elevated with regulation of the informal sector.
I model the regulation of the informal sector by adding a fixed cost, s, to the operation

of self-employment. In this case, the budget constraint of the self-employed becomes:
Cm +pcph = pg(T —h— l) - S (20)

With a higher level of supervision, the informal activities have a chance of being caught
and will pay a higher fine; thus s increases. Alternatively, policies that reduce the cost of
formalization translate into a higher relative cost for the self-employed who stay in the
informal sector (s T). The agents make the occupational choice based on higher utility as

before, with a new budget constraint for the self-employed.

T T
w, wage rate
p, price of home production substitutes

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Fixed cost of the self-employed

Figure 12: Equilibrium prices with regulation of the informal sector

Notes. The x-axis represents the fixed cost of the self-employed. The purple dashed line
shows the equilibrium wage rate (left y-axis) with the corporate tax cut, and the green dotted

line shows the equilibrium price of home production substitutes (right y-axis).

Then, I study how increasing the regulation of the informal sector affects the wage

employment in the economy. With a higher cost of staying self-employed, people switch
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to the corporate sector, thus bringing down the equilibrium wage rate. As fewer self-
employed produce home-production-substitute goods, the relative price of the goods
they make increases. Figure 12 shows the transition of equilibrium prices with more strict
regulation.

The elasticity of substitution between goods produced in two sectors matters for the
effectiveness of regulation on promoting wage employment. When goods are harder to
substitute (lower ¢), the home-production-substitute goods price over wage ratio rises
taster with heavier regulation (see panel (a) of Figure 13) because consumers have a
greater demand for the goods made by the self-employed. Hence, reducing self-employment

is less significant, making regulation policies less efficient.
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Figure 13: Regulation of the informal sector

Notes. Panel (a) shows the equilibrium price ratio £ with different levels of fixed cost of self-
employment for two levels of elasticity of substitution. Panel (b) shows the proportion of self-
employment with varying levels of fixed cost of self-employment for two levels of elasticity

of substitution.
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6 Conclusion

This paper explains why policy reforms, like corporate income tax cuts, may not suc-
cessfully boost wage employment in some experiments. Empirically, I find that the self-
employed and the wage-employed spread out in different occupations in developing
countries, with the self-employed most likely taking jobs that provide home production
substitute goods. Given this empirical evidence, I modify an assumption typically used
in the quantitative literature that both employment sectors produce the same goods.

In an occupational choice model where the self-employed produce home production
substitute goods and the wage-employed produce manufacturing goods, a relative price
effect attenuates any policy attempts to increase wage employment. With fewer self-
employed in the economy, the reduced supply raises the price of the goods they provide.
This unintended consequence weakens the policies that aim to lower the self-employment
rate. The result is consistent with empirical literature studying the impact of corporate in-
come tax cuts on wage employment in Vietnam, China, Brazil, etc.

The model also has some limitations. First, I am not considering the job search, which
has more frictions in developing countries. Many people flow through self-employment
while searching for more formal jobs. Second, I ignore some corporations that provide
home production substitutes, like Starbucks and McDonald’s, that are popular in West-
ern countries. Therefore, the model is more suitable in a developing country setting,
where corporatized home production substitute goods have a small presence. Third, I as-
sume that all self-employed provide home production substitute goods and avoid paying
taxes for simplification, which is not valid in reality. In low-income countries, street food
vendors may be the most common form of self-employment; there are also self-employed
who are not doing home-production-related occupations, follow the tax regulations, and
are essential to the functioning of the economy. Future research may address these limi-
tations.

This paper delivers several policy implications. First and foremost, while designing
industrial policies that intend to increase employment share in specific sectors, govern-

ments should consider the previous sectors where the newly-attracted workers come
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from, how substitutable the goods/services in different sectors, and how policies affect
the prices of goods in various sectors. As the model shows, the relative price change
across sectors might dampen the effectiveness of policies promoting employment in spe-
cific industries. Second, given that most self-employed in developing countries produce
home production substitutes, essential in everyday life and hard to replace, it is advisable
to strengthen efforts to formalize these businesses and improve their productivity. More-
over, the emergence of more efficient home appliances, like vacuum robots and washing
machines, will lessen household’s demand for goods from the self-employed, thus low-

ering the self-employment rate.
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A Details on occupations

Table 6: Average proportion in each occupation group for low-income countries (%)

Self-employed Wage-employed

Group 1: Managers 3.71 4.28
Group 2: Professionals 2.74 22.27
Group 3: Technicians and Associate Professionals 3.29 7.77
Group 4: Clerical Support Workers 0.21 4.82
Group 5: Service and Sales Workers 49.56 17.22
Group 6: Craft and Related Trades Workers 20.06 14.67
Group 7: Plant and Machine Operators, and Assemblers 6.22 9.69
Group 8: Elementary Occupations 14.21 19.27

Table 6 presents the occupational distribution by employment status in low-income
countries. The 8 occupational groups are classified according to ILO standards, excluding
agricultural and armed forces occupations. The proportions within each employment
status category sum up to 1.

In developing countries, service-and-sales-related occupations dominate among the
self-employed. These jobs include personal service workers, personal care workers, pro-
tective service workers, and street and related sales and service workers. The goods and
services provided by these occupations—such as street foods, childcare, haircuts, and
massages—are closely related to home-production substitutes. Therefore, I aim to con-
solidate these occupation groups to better understand how the two employment sectors
differ in their distribution within home-production-related occupations.

Home-production-related occupations include personal service workers, personal care
workers, protective service workers, cleaners and helpers, food preparation assistants,
street and related sales and service workers, refuse workers, and other elementary occu-
pations. A challenge in isolating these occupations is that, according to ILO classification,
some street food salespersons are categorized under sales occupations, which also include

shop salespersons not related to home production. To address this, I use data from Tanza-
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nia to estimate the proportion of salespersons involved in street food sales. The Tanzania
Integrated Labour Force Survey 2020/2021 indicates that, among self-employed sales-
persons, 77.80% are stall and market salespersons, while 22.20% are shop salespersons
and demonstrators. For wage-employed salespersons, the proportions are 34.35% and
65.55%, respectively. Therefore, I apply these ratios to the ILO sales occupation data to

differentiate between stall and market salespersons and other sales roles.

B Calibration details

B.1 Log hourly wage

O - T T T
6 8 10 12
log hourly wage
Source: Tanzania Integrated Labour Force Survey 2020/21. Mean: 8.72; Standard deviation: 0.95.

Figure 14: Distribution of log hourly wage for the working-age employees

B.2 Classification of National Account

For each non-agricultural activity in Tanzania’s national account, I categorize it as either
home-production-substitute goods or non-home-production-substitute goods to calculate
the household’s expenditure share in these two categories. The classification of each eco-

nomic activity follows.
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* Non-home-production-substitute goods

— Mining and quarrying

— Manufacturing

— Electricity supply

— Water supply; sewerage, waste management
— Construction

— Information and communication

— Financial and insurance activities

— Real estate

— Professional, scientific and technical activities
— Administrative and support service activities
— Public administration and defence

— Education

— Arts, entertainment and recreation
* Home-production-substitute goods

— Wholesale and retail trade; repairs

— Transport and storage

— Accommodation and Food Services

— Human health and social work activities
— Other service activities

— Activities of households as employers
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B.3 Calibration with a higher elasticity of substitution

B.3.1 Predetermined parameter values

Table 7: Predetermined parameter value

Parameter value Source
o }
€, elasticity of substitution between ¢, and ¢, 10
¢, elasticity of substitution between ¢, and cgy, 4 Moro, Moslehi, and Tanaka (2017)
o, relative risk aversion 14 Fang and Zhu (2017)
z, TFP term 1 normalization
p, home production productivity 1 normalization
&€, NE productivity 1 normalization
T, total time endowment 1 normalization
1y, mean of In v 1 normalization
T, corporate income tax rate 0.3
B.3.2 Targeted moments
Table 8: Targeted moments
Model 2020 Data

Prop. of self-employment 0.3830 0.38

Avg market work time 0.3912 0.39

Avg household work time 0.2658 0.26

Std log wage 0.9535 0.95

Consumption goods expenditure share 0.7098 0.71

Average income ratio: worker over NE  2.7700 277
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B.3.3 Calibrated parameter values

Table 9: Calibrated parameter values

2020
o,,std of Inv 0.9328
0, weight on consumption in the utility function  0.6398
¢, weight on ¢, in the c.,,,, composite 0.3384
1, weight on ¢, in the ¢, composite 0.4618
{t,, mean of ¢ -0.1032
o, std of ¢ 1.1207
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C Analytical Results

C.1 Optimization problem of the wage-employed

lea llfa
we\Cm 7l = 0" 1-0
hlnclj}c{phu (em cn 1) 1—a+( )1—0

sit.  cm+pepn = wv(T —h —1)

where

Csh = ph’
The Lagrangian function is:
lea' llfa _
Ez@%—l—(l—@)l_a—i—)\(wl/(T—h—l)—cm—pcph)
1. FOC wrt ¢,,:
L _, o ¢ et elyer e—1 -1
E_ecom 1<¢Cm +(1_¢)Ch > ¢ Cm -A=0
— Ooc,5, (e + (1= ), ) e =
2. FOC wrt cpp:
oL L 1 € — _1
_ .o - 1 _ E
acph 9 com6 <¢C ( ¢) > ( ¢) € Ch
-1 1\ o —1 -1
_1(2/)C]§ 1— )sif) Q/JQC Cphc—Ap:O
- - Eil 1 1\ o1
001 = e (o0 + (1= 07 ) e (Ve + (1= ved
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(21)

(22)

(23)

(24)

(25)

(26)

(27)



3. FOC wrt h:
oL

o € % . 621 e—1 . € — ]_ _%
or = Ve (det +(1=0)ey ) 1—0)—,
= -1\ o1 1 _1
o (var H-wed )T a0 G e =0
1\ & 1 &1 -1\ T
— (1= d)cez, (v + (1= 0 ) et (1= whp (v 1 -val ) e
(29)
4. FOC wrt [:
8_[32 (1—-0)"7 = wr =0
ol (30)
= (1-0)I"7 = \wv
Combine FOCs:
1. Purchased substitute goods, c,, v.s. home production goods, cy,
Combine (28) and (29):
) -2
“ph - L 31
(1 —=vY)p \can wr (31)
¢
Cph wvy )
— P [T 32
Csh (p(l —Y)p G2
2. Manufactured goods, c,,, v.s. total home production goods, ¢,
Combine (27) and (28):
1— _% % _%
( (b)Ch_}bch ph — (33)
Pem
Ch = Ch ¢ po
— [ U I o 34
() (%) =a% 4
Ch je ( Ch )é B
= — = |—( — 35
Cm _w<1 - ¢) Cph ] ( )
- - 19
o _ |v1=9) <C—h> ] (36)
Cm i p¢ Cph
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3. Manufactured goods, c,,, v.s. self-made home production goods, cy,

Combine (27) and (29):

cc_: - [p(l —%Ebl — ) (5_};) _

=

] (37)

4. Amount of leisure [

From (30):

1-0\~
l:()\wz/) (38)

¢
1. Since i”: = <pp’éj1”ib w)> and ¢, = ph, then we have:

Derive analytical solutions:

wy

o (pp(l - w>>< o

B wry ¢ L (39)
N <pp(1—¢)> ’

P

<
S\ ¢—1
2. By definition, ¢;, = (wcp,f + (1 =)y ) , then we have:

< (40)

B wvy -1 B ¢
N (LD (pp(l —w>) Ha w) (41)



=

3. Since & = {_ww ()
Ch P

To1=9) \eun }'the“

|-
1

RS —i)g — ) (‘) _ |

T wrd o\ 1¢ (42)
T e — ) () e

N — J/

=

-~
M=XH

We could write X explicitly:

ne [ﬂ(l —Q:;)Vg - ¢)} | <w (pp(uiyiﬁl/}))g_1 e w) ) w
Thus, M = XH:
M= i) (‘” (i w>)u - ‘”) W

-1 =1y =
4. By definition, ceom = (qﬁcme + (1 —¢)e, > ' , which is also a linear function of c,y,.

)
(1) (Hey) )™ s
HHT) T ey

J

Ccom

(et + 1=
(6 (Mew) ™ +
(¢M% +(1-

G
To simplify G:

G (ng% F(1- ng)H)

—1

(o(XE) ™ 4 (1 - gy ) (46)

€
-1

(6x +(1-9)) ' H

<
-1

and H = <¢C <pp(1fyw)>g_1 +(1- ¢)> ,

¢

sincex = [exes)] (¢ i) +00-0)
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then

6= (o [a=5 —w}el (1” (zﬁ)g Hu ‘¢)) R

(47)
. Because 0¢c_ 7, (qﬁc:n%l +(1- gb)c?) - c;; = )\, now we simplify .
-0 G % —o
A = 00G (M) Cor (48)
. Since [ = (i;wg)%, then
1-6\" (G =
I= (wl/Hgb) G (M) o (49)

N J/
-~

L

. In the budget constraint: ¢, +pc,, = wv(T —h—1), could solve for h, thus everything
else.
Mph + pPph = wvT — wvh — wvLph

(Mp + pPp + wv + wvLp) h = wvT (50)

. wvT
~ Mp+ pPp + wv + wrLp

The other variables could also be solved as:

pwvT
= ph = 51
Coh =P Mp + pPp + wv + wrLp GD
PpuwvT
= Pcy, = 52
Cph Coh Mp + pPp + wv + wrLp (52)
HpwyvT
= He,, = 53
ch Cot Mp + pPp + wv 4+ wrLp (53)
MpwrT
m M sh =— 54
¢ Coh Mp + pPp + wv + wrLp (54)
GpwvT
com G sh — 55
¢ Coh Mp + pPp + wv + wvLp (55)
LpwvT
| =Lcg, = 56
Coh Mp + pPp + wv + wrLp (56)
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8. The optimal consumption bundle, the ratio between c,, and c,:

Cm M
Cph - P
¢
_17¢€ -1 &
__wvg [ ey ¢ X wrp _
p(1—0)(1—4) (Z) 1 (¢ <pp(1—¢)> + (1 ¢)>
¢ (57)
wrp
(pp(lfw)>

- [p(l _ZZ)VF; — ) (fﬁ%) _é] -

Derive the expressions for time use

1. Simplify pL:

First of all, we know that

1-0\7 _/G\ =«
L= (7)< (3)

(58)
1—-6\° e—1 =1 1—c ﬁ
:(%wy) H(oX = +1-0)"" (o4 (1-0)X)
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X = wre (C_h)_é E

[p(l - ¢)(1 - iﬁ) Csh (59)

wre ‘e

= H
(pu —o) —w) C
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16 wrg N e O\ B wr et
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(60)
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r (61)

1— o )
~
= 10;5 <1%b> TH(PR )T (o p R T
= 19;5 (%) THR) )R 1
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e () B
5 P () e () ()
(62)
2. Simplify pPp:
pPp = (wr)¢ (1 l_p w)g (pp)'~¢ (63)
3. Simplify Mp:
Mp = XH)p ”
(s e



4. Derive h:

- wyT
~ Mp+ pPp + wv + wrLp
B T
Mo 2P2 4 14+ Ly
_ T (65)
€ e ¢
(wr)t <—(1_¢f§1—¢>> H'™Cpl=e + (wp)¢! (%) (pp)' ¢ + 1+ pL
_ 0T 1
- c . N N )
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new term
5. Derive [:
= pL-h=(1-0)T —
P 0+ (1—0)
_ 1
—1-0T (66)
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0'%1_—0-5)
1—0\ 7 wr e e
oo (i) s
(i) C=9 G aa-v
- . A\ 3
(1) )
6. Derive n:
n=T-1—-h
T (-oT—
B 0+ (1—-0)1
el e - wr\ ! (67)
T P (w) 1<<1 i w)) H +<Lw) <W> 1
B W\, 0+ (1 -0
o () 17+ () () 1 L

old term

7. Derive the work-to-home production time ratio, N

N = = () B (%)C (Z_;)C_l )
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C.2 Optimization problem of the self-employed

Coom e
hlncljfphuse(cm,ch,l)=L+91_U+(1—9)1_0 (69)
sit. Cm+pepn =pe(T —h—1) (70)
where
Cecom = <¢Cm > (71)
= 1\ &
= <¢0p;f + (1 =)y > (72)
Csh = Ph (73)
The Lagrangian function:
1 o I
L=1+0 C_Om +(1—9)1_0+)\(p£(T—h—l)—cm—pcph) (74)
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et N 1 _1
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(76)
3. FOC wrt h:
or_, ., e e—1
% - Hccom 1 <¢Cm (1 - ¢)Ch ) (1 - QS) Ch
1 1\ 1 —1 -1
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4. FOC wrt i:

oL
T (1—0)T = MpE=0
2 ( ) pE 79

— (1-0)77 = Apé

Combine FOCs

1.

Purchased substitute goods, c,, v.s. home production goods, ¢,

Combine (76) and (77):
v ()1
u—wm<@) ¢ 7
on [ vE "
T en ((1 - WP) (80)

Firm-manufactured goods, c,,, v.s. total home production goods, ¢,

Combine (75) and (76), get exactly the same results as in worker’s maximization

problem.

. Firm-manufactured goods, c,,, v.s. self-made home production goods, c,,

Combine (75) and (77):
Cm p€¢ Cp, _% ‘
omo_ - 81
o [mr—wu—w>ﬁm) ] ey
Amount of leisure, [
From (78): 1
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Derive analytical solutions
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2. By definition, ¢, = (¢cph + (1 =)y, ) , then we have:
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Finally N=Y - K:

N= L(l —];§?1 - w)}e
g (88)
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7. In the budget constraint: c,, +pc,, = p&(T —h—1), could solve for h, thus everything

else.

Nph + pQph = p¢T — p&h — pEJph

(Np +pQp + p& +p&Jp) h = p&T (94)
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The other variables could also be solved as:
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8. The optimal consumption bundle, the ratio between c,, and c,:
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Then,
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4. Derive h:
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new term

5. Derive [:
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6. Derive n:
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new term

7. Derive the work-to-home production time ratio
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