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1. Introduction

Does increasing high-wage employment increase or decrease unemployment? What does increasing
high-wage employment do to youth and adult unemployment? What does increasing high-wage
employment do to high-paying self-employed and low-wage free-entry work? These questions, and
others like them, will be recognized as being important in the policy debates in developing countries.
Can our models address them?

The need for labor market models which stylize the reality of developing country conditions in
tractable form in order to allow analysis of a range of policy questions, has been central to the
development economics field for decades. Among the most important contributions are the Lewis
model (Lewis, 1954), which won its developer the Nobel Prize, and the Harris-Todaro model (Harris and
Todaro, 1970), which was honored as being one of the top twenty articles published in the American
Economic Review in the last century. What both these models have at their core is multiple labor
markets, each working in its own way and connected to the other. Both models also feature labor
market segmentation, which we define consistent with the literature as arising when: i) the same
worker can earn more in some segments of the economy than he/she could earn in other segments, and
ii) access to the better-paying segments is rationed, so that not all workers who would like to work in
the good jobs part of the economy and who are capable of performing those jobs can in fact get such
jobs.

The iconic and counterintuitive answer of the Harris-Todaro model to the first question posed at
the beginning of this introduction is of course that increasing high-wage employment will increase
unemployment.! But it should be clear that neither the Lewis model nor the Harris-Todaro model can in
fact address the remaining questions, because they do not incorporate features of developing countries
which underpin those questions. We therefore need models which incorporate these realities in
sufficiently tractable form that the full range of questions can be addressed.

In the intervening decades since Lewis and Harris and Todaro did their work, it has become
widely (though not universally) accepted that labor markets in developing economies have multiple
segments (as opposed to one single set of conditions applying to all) and that labor markets are
segmented according to the preceding definition (i.e., i) the same worker can earn more in some
segments of the economy than in others and ii) access to the better-paying segments is rationed). Lewis

(1954) had high-wage work and low-wage work coexisting, but unemployment was missing from his

! The Todaro Paradox has inspired a large literature (e.g. Zarembka 1970, Arellano 1981, and more recently Zenou
2011). Also see a survey of the literature in Lall, Selod and Shalizi (2006).
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model. On the other hand, Todaro (1969) conflated everyone not employed in the high-wage sector into
a single category called “urban traditional sector”. Harris and Todaro (1970) had three employment
states — high-wage work and unemployment in urban areas, plus low-wage work in rural areas.
Subsequent models developed by Fields (1975, 1989) and others (e.g., Steel and Takagi, 1983) had both
unemployment and low-wage work in urban areas in addition to high-wage urban employment.
Banerjee and Newman (1993) had four occupational options — subsistence work, work as a wage
laborer, self-employment, and entrepreneurship - but no unemployment.

Based on evidence accumulated to date, particularly at the micro-level, it has also become clear
that a number of additional salient empirical features of developing country labor markets are at odds
with the assumptions / implications of these earlier models. In this paper, we introduce three such
features which allow us to answer the full range of questions posed at the start.

The first heterogeneity observed in the world and modeled here is duality within self-
employment. Some people are self-employed because i) they would like to work in the advantaged
segments of the labor market, but access to those jobs is rationed, and ii) they cannot afford to search
for long for jobs in the advantaged segments, instead preferring to take up easy-entry jobs which they
often create themselves. These people have been variously referred to as “microenterprise operators,”
“penniless entrepreneurs”, the “reluctant self-employed”, “free-entry workers”, and “informal
workers”, among others. Such people, for example, make their living by buying cigarettes twenty at a
time and selling them at a higher unit price to others who are so poor that they can only buy cigarettes
when they can scrape together enough cash to buy a single one. On the other hand, there are others
who had been wage employees in the advantaged segments and could have remained there who
choose to leave such jobs and set up their own self-employment activities. A former Ford garage worker
who accumulates skills and saves up to buy his own tools, then leaves to set up his own backyard auto
mechanic shop, is an example. The empirical literature agrees with the co-existence of - and the
distinction between - workers “excluded” and “exited” from wage employment among the self-
employed (Perry et al., 2007), but disagrees about the relative importance of the two (Fields, 1990;
Maloney, 2004). The theoretical literature, however, has yet to incorporate these two types of self-
employment — the low wage free entry self-employed who are excluded from wage employment, and

the high-paying self-employed who exited wage employment — into the same model.?

2 Bennett and Rablen (2012) introduce heterogeneity in the informal sector by incorporating informal wage
employment, self-employment, and informal entrepreneurship, defined as establishments that offer (informal)
wage employment to no greater than a critical threshold number of workers. Unlike our model, the Bennett-
Rablen model assumes that there is no unemployment. Furthermore, selection into informal wage employment,
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A second feature of the world that we bring into our analysis is differences in worker abilities.
Such differences have been incorporated into the work of Nobel Prize winners including the human
capital models of Schultz (1961) and Becker (1964), the signaling model of Spence (1973), the screening
model of Stiglitz (1975), and the rat-race model of Akerlof (1976). An early model of education markets
interacting with segmented labor markets is Fields (1974, 1975). In this paper, we depart from the
earlier theoretical literature by recognizing that workers differ in terms of their abilities to earn money
in self-employment and model these differences as a continuum of abilities.

The third feature of the world which we incorporate into our model is differences in worker
capital, whether human or physical, that can evolve over time with the accumulation of job experience.
Evidence from extensive interviews (Balan, Browning, and Jelin, 1973; Fields, 1990; Maloney, 2004), as
well as individual profiles of self-employed workers (Jutting, Parlevliet and Xenogiani, 2008) argues in
favor of a “lifecycle” model, in which for a young worker, wage employment makes possible the
accumulation of skills and savings that can be later on used to enter the upper tier of self-employment.
Actual transitions from wage employment to high wage self-employment in turn depend on the
juxtaposition of accumulated skill and / or savings, as well as worker-specific gains / satisfaction from
upper tier self-employment. The implications in terms of modeling are two-fold: 1) For each worker, the
decision making calculus related to transitions between employment states must now be amended to
account for lifetime utility consequences. 2) Across individuals in each employment state at any single
point in time, comparative statics of labor market outcomes must now keep track of overlapping
generations of youths and adults both working in the labor market. All of these considerations have
hitherto been absent from the theoretical literature.

In this paper, we build a model incorporating the preceding stylized features of developing
country labor markets including the “three heterogeneities”: duality within self-employment; a
continuum of abilities among workers; and the presence of both younger and older workers in the labor
force. The model has four labor market states: three employment sectors — termed wage employment,
free-entry self-employment, and high-wage self-employment — plus unemployment. Workers choose
among two search strategies: a risky search strategy, which results in wage employment if successful but
unemployment if unsuccessful, and a safe search strategy, which results in free-entry self-employment

(but at low wages) with certainty. Further, we assume that a worker has to spend some time in the wage

self- employment, and entrepreneurship depends only on the skills of individual workers, and thus segmentation
within the informal sector between upper and lower tier (self-)employment, the main point of departure of our
model from the literature, is ruled out. Heterogeneity of the informal sector, and the need for recognition by
analysts and policy makers, has been stressed by Chen (2006).
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employment sector in order to acquire skills and finance to make entrepreneurship feasible. But
individuals differ in their abilities as entrepreneurs and this is a further factor in their decisions on search
strategy. This also highlights the time dimension of the model—workers live for two periods, and can
make rational choices regarding job search in each of these periods. The distinction between youth and
older workers thus emerges as a natural feature of the model.

In the model, we allow for a large number of workers making such choices and facing such
constraints. We solve for the market equilibrium of the model. The solution is sufficiently tractable that
a range of comparative static exercises can be carried out. These comparative static exercises will in turn
provide answers to the three questions we pose at the outset.

The plan of the paper is as follows. Section 2 sets out the model, incorporating key extensions to
the basic Harris-Todaro structure. Section 3 develops the equilibrium, taking into account rational
decisions of young and old, and balance in labor flows throughout the economy. We show that despite
adding extensions and modifications to the basic Harris-Todaro structure we are able to derive tractable

results. Section 4 provides a discussion of the comparative statics of the model. Section 5 concludes the

paper.



2. Model

2.1. Setup of the Model

In what follows, we describe the conditions characterizing a multi-sector labor market in a steady state,
in the sense that the labor allocations across search strategies ex ante and labor market states ex post,

to be described below, remain constant over time.

Overlapping Generations and Workforce

The economy is made up of overlapping generations of workers with two-period lives (youth and
adulthood). Youth are denoted by small letters, adults by capital letters, and total by script capital
letters. So, for example, e; denotes the employment of youth in sector j, E; denotes the employment of
adults in sector j, and &; = e; + Ej. Workers work during both periods of their lives, and p denotes the
discount factor. The number of workers in each generation will be denoted as L. The size of the

economy's workforce, including young and adult workers, is thus 2L in every period.

Sectors of Employment and Wages in Each

The economy has three sectors of employment, respectively termed wage employment (£, = Ey, +
ew), free-entry self-employment (€ = Er + eg), and high-paying self-employment (£ = Ey + ey).
Unemployment (U = U + u) constitutes a fourth labor market state. Once a worker finds employment
in a sector, he can keep that employment for the two periods of his life, i.e. there is no involuntary labor
turnover.

Wages and employment are determined as follows. In the wage employment sector (W),
employers set the wage, wy,, exogenously at a level above that of the other two sectors. This may be
for market reasons (i.e., efficiency wages), institutional reasons (e.g., minimum wages, labor unions), or
a combination of the two. Adults and youth are perfect substitutes in production, and therefore
employers are indifferent between hiring an adult and hiring a youth for any job vacancy. Employers
demand workers (€, = Ey, + ey) such that the net labor cost wy, equals the marginal product of the

last worker hired:

EwWwy, ay) = {Ew|0G (Ew, aw)/0EW = Wy}, (1)



where total revenue in the wage employment sector G (€, ay,) exhibits positive and strictly decreasing
marginal value product of labor. a;; is a wage employment demand shifter, with 92G (Ey, ay,)/
0Eyday, > 0.From (1), &y (wy, ay) is strictly increasing in ay, at constant wy,,. 3

The free-entry sector, F, is one where any worker who desires a job can find one. The free-entry
wage is assumed invariant to the number of workers in the sector. This wage is denoted by wy.

The high-paying self-employment sector, H, is not free entry. An important innovation of this
paper is that in order to have the skills and resources to enter high-paying self-employment, a worker
must have worked in the wage employment sector for at least one period. Therefore, all workers in the
high-paying self-employment sector are adults, but not all adults are able to enter this sector, or if able,
not all choose to.

Whether a worker with the skills and resources to enter high-paying self-employment chooses
to enter or not depends on how high the pay is for that worker, which in turn depends on an individual
productivity / utility parameter 6, which is known to the worker. 8 in each generation is distributed
uniformly and symmetrically around zero, with 8 € [—9_, 9_]. If a worker with the required skills and
resources chooses to engage in high-paying self-employment, he would earn what he would have
earned had he remained in wage employment (wy;,) plus the individual-specific money equivalent wage
income for him. Only workers who would earn more in high-paying self-employment than in wage
employment would choose to leave wage employment in favor of high-paying self-employment.

A worker who enters high-paying self-employment would earn wy, + 6. Given high-paying self-
employment lasts one period -- adulthood -- the marginal worker who is just indifferent between wage
employment and high-paying self-employment is endowed with a 8 defined implicitly as wy + 0= Wy,

or equivalently

S
Il
e
—
~

Choosing Among Search Strategies
In order to select between search strategies, workers (both adult and young) evaluate the expected values

associated with each strategy and choose whichever is higher. Let V; and v; denote the expected values

3 To see this, note from (1) that
0Ew (Wy, ay) _ 0%G(Eyw, aw) ,0°G(Ey, ay)
day, h Ey0ay, 0EWOEY

> 0.



of search strategy i = r, s facing adult and young workers respectively. Also let J; and j; denote the
number of adult and young workers respectively who adopt the risky search strategy, and also denote
Jr = Iy + jir-

Let us start with an adult worker who is not yet in high wage employment and who adopts the
risky search strategy. The expected value associated with this search strategy is the wage in wage

employment, if successful, multiplied by the probability of success:
V. = mwy,. (3)

Observe that since adults have only one period of work life remaining, the possibility of entering
high paying self-employment does not arise, and therefore V.(1) is independent of the payoff to that
worker of being in high paying self-employment.

Employers are assumed to choose randomly from among the pool of workers who have adopted
the risky search strategy, who will be called risky job seekers, to fill any job opening in the wage
employment sector. Each risky job seeker faces the same probability of being hired for wage
employment as any other; this probability is given by

_job openings in wage employment

(4)

total number of risky job seekers’
Both the numerator and the denominator on the right hand side are determined by a set of complicated
relationships that will be explained in detail later.
For an adult worker who adopts the safe search strategy, the expected value is simply the wage
in the free-entry sector:
o 5
Now for a young worker who adopts the risky strategy, the expected value v, depends on
whether he is a high 8 or a low 8 worker. For a high 8 worker who adopts the risky search strategy, he
finds wage employment at wy;, as a young worker with probability , knowing that a period later, he will
move into high-paying self-employment at wy, + 6. If he adopts the risky search strategy and is
unsuccessful, which occurs with probability 1 — m, the young worker is unemployed for one period, but
retains the option to choose between the two search strategies once again a period later as an adult.
The associated option value is max{V},, 1}, appropriately discounted by the discount factor p. Now for a

low 8 young worker who adopts the risky search strategy, with probability = he will obtain a job in the



high wage sector in the first period of his life and will retain that job in the second period of his life, thus
earning wy, in both periods. If such a worker is unsuccessful in period 1, which occurs with

probability 1 — m, the worker is unemployed for that period, and a period later, he can again choose
between the risky and the safe strategies, with associated value max{V;, V;}, appropriately discounted.

In summary, for a young person entering the labor market for the first time,

nlwy + p(wy + )]+ (1 —mpmax{V,(m),V;}  if6>0

wlwyw (1 + p)]+ (1 — m)p max{V,.(m), V;} otherwise (6)

., 0) = {

Observe that v,.(m, 8) is continuous in 0, strictly increasing in & among high 6 workers, and independent
of 8 among low 6 workers. In other words, comparing high and low 8 workers, high 8 workers derive
larger benefits from the risky strategy than do low 8 workers.

Turning now to a young worker who adopts the safe search strategy in period 1, this worker is
guaranteed a period 1 income of wg in the free-entry sector. In period 2, the worker chooses between
the two search strategies again, and this offers max{V, (1), V; }. To a young worker, the expected value of

adopting the safe search strategy in period 1 (though not necessarily in period 2) is thus

vs(m) = wp + p max{V,.(m), V;}. (7)
This concludes the setup of the model.
3. Equilibrium

A steady state equilibrium in this economy is a time invariant allocation of adult and young workers’ ex
ante search strategies (J, = J; + jr), and a time invariant allocation of adult and young workers’ ex post
employment outcomes (Ey, = Ey, + ey, E = Er +ep,E = Ef + e, and U = U™ + u”) such that (i)
each worker chooses a search strategy that maximizes expected utility (equations (3), (5) — (7))
conditional on the probability of wage employment facing risky job seekers (equation (4)), (ii)
employers make wage employment decisions according to equation (1), (iii) workers in high-paying self-
employment receive wages according to equation (2), and (iv) workers in free entry self-employment

receive wr.



We begin our analysis with an examination of the choice between risky and safe search strategies by

adult as well as young workers.

Search Behavior as a Function of Age and Payoff to High-Paying Self-Employment (9)
Given the returns in the preceding section, which types of worker -- young or old, high 8 or low 8 -- will
adopt the risky search strategy in which order?

The first to adopt risky search are the young high 8 workers starting with the highest 8
individual (i.e., the one with 8 = 8) followed next by other high 8 young workers with successively lower
0’s until we have gotten to the young individual whose 8 = 0. The reason the first group of risky job
seekers are young workers rather than adult workers is that young workers have two periods of high-
paying work after a successful risky search, compared to adult workers who have only one period of
work life remaining. The reason young workers engage in risky search in decreasing order of 8 is that
young workers with higher 8’s would earn more in high-paying self-employment than would lower 8
workers.

The next workers in line to adopt the risky search strategy are young low 68 workers. Within that
group, start with one individual, whose value of 8 is indeterminate. More and more individuals within
this group will engage in risky search until all do. The reason 8 does not matter is that young low 6
workers seek wage employment with the intention of staying in wage employment for two periods and
not entering self-employment, and so the specific value of 8 , which determines how much they would
earn in self-employment, is irrelevant . The reason these low 6 young workers will adopt risky search
before any adult workers do, even the highest 6 adult, is that low 8 young workers have two periods of
high-paying work after a successful risky search compared to an adult worker who receives a payoff for
one period only.

The last workers to choose risky search are older workers. The values of 8 do not matter for
these adult workers, since the successful ones will work in wage employment for one period only, after

which they must retire; they will never have the chance to work in high wage self-employment.

The proof that workers will engage in risky search in the order discussed in the three preceding
paragraphs is as follows. The expected value gain from adopting the risky search strategy rather than
the safe search strategy is v,-(m, 8) — vs(m) for young workers, and V,.(r) — V; for adult workers. The
difference between these two expected value gains v,.(, 8) — vs(m) — [V.() — V] forall 8 € [—, 6]

and m < 1, can be written as



v (m,0) — vs(m) — [V (m) — V]
= mp[wy, — max{rwy, wp} + max{0, wy, + 60 —wy,}]
= mp[min{(1 — m)wy, wy, — wg} + max{0, 6}].
The last line can be seen to be a positive number as long as the wage in the free-entry sector, wg, does
not exceed the wage in wage employment wy, -- an assumption we have maintained from the outset —
which proves that young workers will engage in risky search before adult workers do. In addition, the
last term in the last line is increasing in 6 for high 8 workers, for whom max{0, 6} = 8, which proves
that young high 8 workers engage in risky search before young low 8 workers. Then, young low 6
workers start engaging in risky search. For them, max{0, 08} = 0. As well, for them, the difference
v (m,0) — vs(m) — [V,.(r) — V] is simply mp min{(1 — m)wy,, wy, — wg} plus zero, also a positive
number. This proves that young low 8 workers will engage in risky search after young high 8 workers do,
but 8 does not affect which workers are so engaged. Thus, we have shown that the expected value gain
from risky search for all young workers exceeds the expected value gain from risky search for all adult
workers, and therefore adult workers will adopt risky search only after all young workers have already
adopted risky search. The order in which adult workers choose risky search is indeterminate because
V,.(m) and V; are both independent of 6. m
Following this order, we then have five regimes:
l. Some or all young high 8 workers adopt risky search.
Il. All young high 8 workers and some but not all low 8 workers adopt risky search.
Il All young workers and no adult workers adopt risky search.
V. All young workers and some but not all adult workers adopt risky search.

V. All workers, young and adult alike, adopt risky search.

The set of five search behavior regimes discussed above is an exhaustive characterization of all of the
possible equilibrium combinations of search behaviors among adult and young job seekers in this model.
In this section, our tasks are two-fold. For each regime, we will first present closed form solutions for the
equilibrium ex ante allocation of workers between the two search strategies and the associated
probability of wage employment, conditional on the equilibrium occurring in that specific regime. Next,
we seek the conditions under which an equilibrium will indeed arise in each of the five regimes, based

on which a discussion of the uniqueness of equilibrium in this model will also be included.
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Regime I: Only Young High 8 Workers Adopt Risky Search

A regime | equilibrium occurs when only young high 8 workers adopt risky search, and the rest of the
young workers and all adult workers adopt safe search. Denote the 8 of the young high 8 worker who is
just indifferent between risky search and safe search as 8. For this high 8 worker, the expected value
associated with risky search v,.(r, 5) is equal to that of safe search v (). Furthermore, in a regime
where only young high 8 workers adopt risky search, our discussion in section 2.2 implies that for an
adult the expected value associated with risky search (V}.(m) = mwy,) must be less than that of safe

search (V; = wg). Thus, the 6 of the indifferent worker, 8, is implicitly defined by:

vy (n, é) = v,(m)
& nlwy + p(wy + G)] + (1 = mp max{V, (), V;} = wp + p max{¥.(w), V;}

& ntlwy + p(wy + 0)] + (1 —m)pVi = wp + pV; (8)
& n[wy + p(wy + 0)] + (1 — Wpwp = wp + pwi

Wr
o=

wy + p(wW + 06— WF).

Given 8, the total number of risky job seekers is equal to the number of high 8 workers with 8 at least as

p _£<9'— é)
T 20 )’ (9)

To determine the probability of wage employment in this regime (), recall (4):

high as 6, or:

__ job openings in wage employment
~ total number of risky job seekers’

The denominator, total number of risky job seekers, is as given by (9). The numerator, job openings in
wage employment, is given by total wage employment demand &, net of the number of wage
employment stayers in each period. In regime |, in which only young high 8 workers adopt risky search
and do so with the intention of leaving wage employment to enter high-paying self-employment after
one period of wage employment, the number of wage employment stayers is equal to zero. Thus,

job openings in wage employment = &y, — 0 = &y. (10)
Substituting (9) and (10) into the definition of , we have

= % (11)
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in regime 1. Equations (8) and (11) are a pair of simultaneous equations in two unknowns 8 and 7. In
what follows we will use an asterisk to denote equilibrium values. Solving (8) and (11), and substituting
the solution 8* back into (9), we obtain the equilibrium number of job seekers J;:

Ewww + p(wy + 6 — wp))
Wr + 2&y,p0/L ' (12)

dr =

In addition, the corresponding equilibrium probability of wage employment is:

. Wr + 2p0Ey /L
Tt = — (13)
wy + p(wy + 6 — wg)

if £y is strictly positive, and zero otherwise. The closed form solutions in (12) and (13) show the
equilibrium number of risky job seekers and the associated wage employment probability in a regime |
equilibrium. To check the conditions under which a regime | equilibrium indeed applies, we need to
verify that the equilibrium displayed in (12) - (13) above is indeed consistent with one where only young
high 8 workers adopt risky search, or equivalently, where (J; is less than the total number of high 6
young workers, Ly;gn g = L£/2. From (12) and (8), J; < Lpign ¢ if and only if

Ewwy + p(wy + 6 — wp)) Ew 1 Wg
— < Lhigh@ o —
wg + 2E,p0/L

s
<5 Py (14)
L 2wy (A+p)—pwp 2

where 7T is the highest value of m consistent with a regime | equilibrium. As a necessary and sufficient
condition for the equilibrium to occur in regime |, (14) requires that the likelihood of wage employment
when all high 6 young workers engage in risky search, or €y, /Lpign g = Ew/(L/2) from (11) evaluated
at @ = 0, be sufficiently small. Specifically, 2, /L should be smaller than & = wr/(wy, (1 + p) —
PpWr). Making use of (1), where the demand shifter a;, denotes a factor that raises wage employment,
the above condition requires that at given wy,, and at given total workforce L in each generation, the
wage employment demand shifter ay,, must be small enough so that no low 8 young worker will prefer
risky search.

The boundary between Regime | and the ensuring Regime Il is marked by a wage employment
demand shifter ay;, just high enough for the first young low 8 worker becomes indifferent between risky

search and safe search.

Regime II: All Young High 6 Workers and Some Young Low 8 Workers Adopt Risky Search
A regime Il equilibrium occurs when all young high 8 workers plus some young low 8 workers adopt

risky search, while the rest of the young workers and all adult workers adopt safe search. In such an

12



equilibrium, for a young low 8 worker, the expected value of risky search v,.(, 8) is equal to the
expected value of safe search v, (m); this condition is analyzed further below. Meanwhile, for an adult
worker, the expected value of risky search must be less than the expected value of safe search. Thus,
max{V;(m), Vs} = Vs = w.

Further analyzing the condition for young workers, it follows that for all low 8 young workers —

that is, those for whom 6 < @ = 0 -- we have that,

v, (1, 8) = vy(m)
e nlwy (1+p)] + (1 —m)pmax{V(n), i} = wp + p max{V}.(), Vi}

e nlwy (1+p)] + (1 —m)pwp = wp + pwg (15)
e mlwy (1 + p) — pwr] = wg

Wr ~
o= = f.

wy + p(Wy — Wg)

Equation (15) shows that for a young low 8 worker to be indifferent between the two search options,
the wage employment likelihood must be exactly equal to 7 as shown. Note that the free entry wage,
the wage employment wage, and the discount factor all play a role in the determination of this
threshold wage employment probability. In particular, when faced with a higher free entry wage, a
lower wage employment wage, or a lower discount factor, a higher wage employment likelihood will be
required if a low 8 young worker is to continue to remain indifferent between the two search options.
This will happen provided that there are few enough job openings in wage employment so that young
low 8 workers are able to allocate themselves among search strategies in order to equalize the expected
values associated with the two of them.

Now, from (4), the probability of wage employment is also given by the ratio:

__ job openings in wage employment

~ total number of risky job seekers’
In regime |l where all £L/2 young high 8 workers adopt risky search with the intention of leaving wage
employment to enter high-paying self-employment after one period of wage employment and where all
L/2 young low 8 workers who adopt risky search enter wage employment with the intention of staying
two periods, the number of wage employment stayers is equal to the total number of low 8 workers in
wage employment. With J,. being the total number of risky job seekers, the number of low 8 risky job
seekersis J, — L/2. A fraction i of these will obtain wage employment when young and will remain in
wage employment as adults. It follows that job openings in wage employment will arise for two reasons
—to replace older workers who retire and to replace young high 8 workers who start in high-wage

employment and move to self-employment - in which case:

13



job openings in wage employment = &y, — w(J, — L/2). (16)
Taking the ratio of job openings in wage employment as given by (16) to the total number of risky job

seekers gives the following value of &:

Ew — n(J, — L/2)
Jr '

Equations (15) and (17) are a pair of simultaneous equations in two unknowns (J,. and 7. Solving, we

(17)

obtain the equilibrium number of job seekers J; in regime II:

1/& L 1/Ew(wy (1 +p)— pw L
(7;=—(V: _):_ w(wy (1 + p) PF)+_. (18)
2\m 2 2 Wg 2
From (15), the corresponding equilibrium wage employment probability in regime Il is:
w
m= d =1l. (19)

~ wy + p(wy — W)
To recall, 7T is the largest value of  consistent with a regime | equilibrium for the last indifferent risky
job seeker with 8 = 8 = 0. Equations (18) and (19) are respectively the closed form solutions for the
number of risky job seekers and the corresponding wage employment likelihood in regime 2. To check
that the equilibrium displayed in (18) and (19) is one where all young high 8 workers plus some low 8
workers adopt risky search, it remains to be shown that J,: in (18) is indeed greater than the number of
young high 8 workers L£/2, but less than the total number of young workers L, or equivalently using the

expression for ;. in (18),
Ew
L

N>
N QD

w
N_| =

<Ji<Loe=< < (20)

The condition in (20) requires that in a regime Il equilibrium, the number of jobs in wage employment
must be strictly higher than that which prevails in a regime | equilibrium (€,,/£ > 7 /2), but not too
high (€,,/L < 31/2), so that adult workers continue to prefer the safe search strategy.

Comparing the regime | condition (14) with the regime Il condition (20), it is easy to see that
regime | and regime Il equilibria are mutually exclusive, in the sense that if the condition guaranteeing
regime | equilibrium holds (&, /L < 7t/2), then the condition guaranteeing a regime Il equilibrium
(/2 < &y /L < 37/2) must be violated, and vice versa. It follows that multiple equilibria involving
both regimes | and Il cannot exist.

Regime Il ends when all young workers adopt risky search but no other workers do.
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Regime lll: All Young Workers and No Adult workers Adopt Risky Search

A regime Ill equilibrium occurs when all young workers adopt risky search, while all adult workers adopt
safe search. In this equilibrium it must first of all be the case that the expected values of risky search
among high and low 8 young workers are higher than their respective expected values of safe search. As
shown in section 2, the expected value gains from risky search among young high 8 workers are never
lower than those of young low 8 workers, and so it suffices to require the expected value of risky search
among young low 8 workers to be higher than the expected value of safe search. Equivalently, using (6)
and (7) for young workers whose s are less than the critical value 8,

(1, 0) = vs(m)
o mlwy (1 +p)] + (1 —m)p max{;.(n), s} = wr + p max{V,.(n), s}

o nlwy(1+p)]+ (1 —n)pwp = wp + pwi (21)
© nlwy (1 + p) — pwp] = wp
on >

Since no adults adopt risky search in this regime, it must also be the case that the expected value of risky

search of an adult worker is less than his expected value of safe search V,.(1) = twy, < Vg = wg:
w
Lm<Ver< — (22)
Ww
Henceforth, we will denote the right hand side of (22) above as
Wg _ _
— =7
Ww
and understand 7 as the wage employment probability that renders an adult worker indifferent
between the safe and risky search strategies in regime Il

Since
Wr
wy (1 +p) — pwg

T =

and given that a maintained assumption of the model is that wy, > wy, it follows that 7 is less than 7.
For a range of values of ™ € [T, ), (21) and (22) together imply that all £ young workers adopt risky
search, while all £ adult workers choose the safe search strategy.

Within this range, the exact equilibrium probability of wage employment that applies can be
determined by once again referring to (4), where:

__job openings in wage employment

~ total number of risky job seekers’
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In regime Il where all young workers adopt risky search and no adult workers do, the total number of
wage employment stayers is equal to the total number of low 8 workers in wage employment, or
times half of the total young work force £L/2. It follows that:
job openings in wage employment = &y, — nLl/2. (23)
Taking the ratio of (23) to total number of risky job seekers, we obtain:
Ew—mnL/2
T = J—r

In a regime Il equilibrium where the total number of risky job seekers is equal to the total number of

(24)

young workers L:

Ji=L. (25)
Substituting the above into (24), the equilibrium wage employment probability in regime Ill is thus
2&y
= ——. (26)
3L

Equations (25) and (26) are the closed form solutions for the number of risky job seekers and the wage
employment probability in a regime Il equilibrium. Equation (26), in particular, can be used to check
that the equilibrium wage employment probability 7* indeed lies in the range (7, ) required for a

regime Il equilibrium,

37 &y 37
I <moe —<—<—, 27
T<m" < > T > (27)
or equivalently,
3wg Ew  3wg

2w A+ p) = pwp) ~ L 2wy

The first inequality on the right hand side of (27) requires that the number of jobs in wage employment
be higher than the number in a regime Il equilibrium (/L = 3wr/(2(wy (1 + p) — pwg)) ). The
second inequality on the right hand side of (27) requires, by contrast, that the number of jobs in wage
employment not be so high as to encourage adult workers to engage in risky search, which is the case if
Ew/L < 3wp/Qwy).*

Comparing &y, /L < #&/21in(14), /2 < &y /L < 3ft/2in (20),and 378/2 < Ey /L < 3T/2in
(27), it is straightforward to see that multiple labor market equilibria involving more than one of the

three regimes (I, Il and Ill) is an impossibility.

4 This follows from (22), which shows that if the equilibrium wage employment probability 7* exceeds 7, then
adult workers strictly prefer risky search, and from (26), which shows that the equilibrium wage employment
probability indeed exceeds T = wg/(wy, (1 + p) — pwg)ifandonlyif €,/ L > 37T/2 = 3wy /(2wy,).
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Regime IV: All Young Workers and Some Adult Workers Adopt Risky Search
A regime IV equilibrium occurs when all young workers plus some adult workers adopt risky search. In
such an equilibrium, the expected value of risky search for an adult worker is equal to the expected

value of safe search. Thus,

WF

Vr(ﬂ)=Vs<:>7T=WW

= TT. (28)
Equation (28) shows that for an adult worker to be indifferent between risky and safe search, the wage
employment likelihood must be exactly equal to 7 as shown. Note that the ratio of the free entry wage
and the wage employment wage completely determines this threshold wage employment probability.
Thus, a higher free entry wage or a lower wage employment wage will result in an increase in the
equilibrium likelihood that the risky search strategy will prove successful, the magnitude of the increase
being just enough that an adult worker remains indifferent between risky search as compared with safe
search. Unlike (15), which pertains to the choice of search strategy for young low 8 workers, the
discount factor p plays no role in the choice of search strategy for adult workers, who have only one
period of working life remaining.

From (4), the wage employment probability is given by the ratio:

__job openings in wage employment

"~ total number of risky job seekers

To determine the number of job openings in wage employment, note that in regime IV there are three
types of workers in wage employment in every period: young high 8 workers who leave after one period
to enter high-paying self-employment, young low 8 workers who stay in wage employment for two
periods, and adult workers who retire after one period. The numbers of workers in these three groups
are respectively n£/2, tL/2, and m(J, — L) adult workers who retire after one period. It follows that
the total number of wage employment stayers is simply given by the number of low 8 young workers in
wage employment, m£/2, and thus:

job openings in wage employment = &y, — nLl/2. (29)

1, the probability of wage employment, is therefore:

Ew—nL/2
= W—/ (30)
dr
Combining (28) and (30), we obtain the equilibrium number of risky job seekers in regime IV as
& L Eyw L
=== (31)

/A

and the corresponding wage employment probability as
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w
= — =T (32)
Ww

To check that the labor market equilibrium depicted in (31) and (32) is indeed consistent with regime IV,
we verify that the number of risky job seekers is indeed greater than L, the number of young workers in
a generation, but less than the total possible number of job seekers in a steady state £L + (1 — *)L,
which includes £ young workers, and (1 — *).L adult workers who must continue to search since they

fail to find wage employment while a young worker. Thus, using the expression for J, in (31):

3t & 5
L< J;<(2—n*)L®7STw<ﬁ<E—ﬁ). (33)

Note that the range displayed in (33) above, (377/2, T(5/2 — 7)), is non-empty since (5/2 — ) —
37/2 = w(1 —m) > 0. The right hand side of (33) requires that wage employment demand be higher
than that of a regime Il equilibrium (£y,/L = 37 /2), but not so high that all adult workers prefer safe
search (Ey,/L < ©(5/2 —m)).

From &y, /L < //2in(14), 12 < Ey /L < 3//2in (20),37/2 < Ey /L < 37/2in (27), and
3n/2 < &y /L < @(5/2—m)in(33) above, it can be verified that multiple equilibria involving more

than one of the four regimes discussed so far are not possible.

Regime V: All Adopt Risky Search

In this final regime, all workers, young and adult, adopt risky search. In an equilibrium in this regime, the
expected value of risky search of an adult worker is strictly greater than the expected value of safe

search, i.e.,

w
Vr(n)ZVS@nz—F=ﬁ. (34)
Wy

Furthermore, in such an equilibrium, the total number of risky job seekers is equal to
Jr = (2 - T[)[’ (35)

as discussed before. Of these risky job seekers, £L/2 are young high 8 workers, £L/2 are young low 6
workers, and (1 — )L are adult workers who failed to find wage employment while young. It follows
that the number of wage employment stayers in this regime is equal to 7 times the number of young

low 6 risky job seekers, or tL/2. In regime V, therefore:
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job openings in wage employment = &, — nLl/2. (36)

Taking the ratio of job openings in wage employment to risky job seekers, the probability of wage
employment, from (4), is:

_ Ew — nL/2
™= total number of risky job seekers’

(37)

Equations (35) and (37) are a pair of simultaneous equations in two unknowns, 7, and 7. Solving, we

obtain:

5 &
0= (n")?- En*+ TW

which is a quadratic equation in *. The two roots are given by
5 5\° €

24 (_) _Sw

4 4 L

Picking the root that does not exceed unity, the equilibrium wage employment probability and the

number of risky job seekers are
L’ (38)

and

Jr = ¥+ (%L)Z - EwL. (39)

A labor market equilibrium like (38) - (39) is consistent with regime V if and only if all young and adult
workers strictly prefer risky search. From (34), this requires that m* > 7. Furthermore, the equilibrium
wage employment probability does not exceed unity if and only if 1 > *. Taken together, the
conditions guaranteeing a regime V equilibrium are:

From the left inequality on the right hand side of (40), wage employment demand needs to be higher
than what is required for Regime IV (/L > T (5/2 — 7)). As for the right inequality on the right hand
side of (40), suppose that there is indeed a ratio of three wage jobs to every two workers in a

generation. With this many wage jobs, all £ young workers, plus half of all adult workers is just enough
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to satisfy wage employment demand &;;,. The other half of the adult work force is engaged in high-
paying self-employment, after having spent one period as a wage employee. The implied likelihood of
wage employment given £/2 wage employment stayers each period, and L job seekers (all young) is
exactly equal to unity.

Finally, from (14), (20), (27), (33), and (40) above, we get the following jointly exhaustive and
mutually exclusive boundaries for £,/ L corresponding to each regime
(Regime 1 if ETW € (O,g)
T 37

. . Ew
Regime 11 if TE [5,7

. Ew 3t 3w
<Reglme 111 lf TE [7,7)
. &w 3 _ (5 _
Regime IV if TE [7'n(§_n)>

) &w /5 \ 3
\ReglmeV if Te[n<§—n),§
4, Comparative Statics:

In this section, we present the comparative statics properties of the labor market equilibrium with
respect to different values of wage employment demand across the five regimes of interest. To flesh out
intuitions, we will begin by examining the relationship between wage employment demand and the ex
ante allocation of labor into risky search on the part of young and adult workers, J,.. Later in this
section, we will turn next to ex post labor allocation of young and adult workers among (i)
unemployment, (ii) wage employment, (iii) high-paying self-employment, and (iv) free entry self-

employment in the five successive regimes.

4.1 Ex-Ante Labor Allocation: J;
Collecting results from (12), (18), (25), (31) and (39), the total number of workers adopting risky search
in the five regimes of interest, normalized by the size of the total workforce in each generation, is

summarized in Table 1.

5 For &,/ /L greater than 3/2, the corner solution J: = 1 applies, and the equilibrium likelihood of wage
employment is equal to 1.
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Of these risky job seekers, all J; of them are young workers in regimes | - lll, i.e., j» = Jy, since only
young workers adopt risky search in these first three regimes. In regimes IV and V, all young workers
adopt risky search, i.e., j; = L. The normalized number of young risky job seekers across the five

regimes is:

fg_WWWJ“ P + 6= we) (o Ew o opo
- .

. L 2p0&y,
L (WF . ) if S 0 Reg.11 (41)
L 1(1 Ew 1) L g

(= +- 3

% TL o 2 if TW in Reg. I11

The corresponding number of adult risky job seekers is given by J; = J; — j;, or from Table 1 and

(41),

0 £
(1 £, 3 if Twin Reg.1,11 or 111
* =T 732 € (42)
i—r= & ifTWinReg.IV
1 5\ &y é
mi @) T if < inReg.V

Figure 1 plots J,/L, j-/L and J;/L as shown above as functions of wage employment demand &, /L,
all else constant including wages wy,, and wg, the discount factor p, and the range of 8 assuming a
uniform distribution on [—8, 8,]. Thus, going from left to right, £, /L rises from the lowest possible
value (0) to the highest possible value (3/2). The five ranges of &£,/L consistent with regimes |-V are
also shown along the horizontal axis.

As displayed, J; as a function of £, /L has a complicated shape: it increases strictly in regimes |
and Il, remains unchanged in regime lll, increases strictly in regime 1V, and strictly decreases in regime V.
The intuition is as follows. For &,/ L sufficiently low in regimes | - IV, an increase in wage employment
demand encourages risk taking, first by young high 8 workers (regime 1), followed by young low 0
workers (regimes Il and 1ll), and lastly by adult workers (regime IV). Regime V, in sharp contrast with all
the other regimes, is one where all job seekers including youth and adults already participate in risky
search. Raising wage employment demand even further raises the number of young workers who
successfully achieve wage employment while young, thereby decreasing the number of remaining
persons left to engage in risky search as adults. It is for this reason that [, in regime V is in fact strictly

decreasing in wage employment demand, as depicted.
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4.2 Ex-Post Allocation among Labor Market Outcomes

Unemployment

Unemployment as an ex-post labor market outcome arises whenever some worker engages in risky

search and fails to find wage employment. The likelihood of this event facing a risky job seekeris 1 — ™.

With the total number of risky job seekers being given by J; total unemployment U* = u* + U™ is

equal to (1 — *)J;. Making use of (13), (15), (26), (32), (38) and (41), Table 1 shows the equilibrium

level of total unemployment normalized by the size of the total workforce. Among the U* unemployed

workers, total youth unemployment is 1 — * times the number of risky young job seekers. Since only

young workers engage in risky search in regimes | - lll, u* = (1 — *)j; = (1 — 7*)J;. In regimes IV and

V, all young workers engage in risky search; it follows that u* = (1 — *)£L in those regimes. Thus,

collecting results from section 3 for each of the five regimes on w*and J,- , the fraction of youth who are

unemployed is given by:

Ewww + plwy + 8 — wp) &y
L (WF+29;Z£W> L
1—7r(18w 1)
x 2 \n L 2
£ ( 3£)
(1-m)
1 5\ €
4 (_) _cw
4 4 L

. w .
- inReg.I
if 7 in Reg
£
if Zin Reg.1l
L
£
if 2 inReg.1lI
L
£
if TW in Reg.IV

Ew
if — inReg.V
if T in Reg

Meanwhile, total adult unemployment is given by U* = U* — u*, or

1&, 3
* 1_ —— e —
U_:<( n)(ﬁL 2)
L 2
1 52 €
4 <_) _tw
4 4 L

L Ew
0 if Tln Reg.1,1l or I11

&
if TW in Reg.IV

£
if TW in Reg.V

(43)

(44)

Figures 2a and 2b illustrate total unemployment, youth unemployment, and adult unemployment as

functions of wage employment demand &, /L. In Figure 2a, the spread of 8 is assumed to be
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sufficiently small, while in Figure 2b, a sufficiently larger spread is assumed. ® Focusing first on Figure 2a,
total unemployment U* is twin-peaked -- strictly increasing in regimes | and I, strictly decreasing in
regime lll, strictly increasing again in regime 1V, finally decreasing to zero in regime V. The intuition
behind the non-monotonicity of U with respect to £y, /L is as follows. In regimes | and I, where only
young workers are risky job seekers, an increase in wage employment demand A€y, encourages more
than A€, young workers to engage in risky job search, thereby adding to youth unemployment.” Up to
this point, adult workers do not engage in risky search, and as such adult unemployment is equal to
zero.

As &y rises even further, regime Ill now applies, where all young workers and no adult workers
adopt risky search. Raising wage employment demand in the interior of this regime increases the
number of wage employment jobs, while the number of risky job seekers remains constant at £ in this
regime. According to (26), an increase in £, thus serves to raise the likelihood of wage employment, *.
Consequently, youth unemployment falls, adult unemployment remains at zero, and thus total

unemployment strictly decreases within regime .

6 Specifically, differentiate (44) evaluated at the interior of regime | to yield

tour 1 wi (ww(1+p) + (0 - wp))_

_ = 1
LOE L ) 2 ’
w (WF N zeﬁew)
and
1 ow 1 4p0wy (we(1+p) +p(0— wp)) g
LOE,OE, L2 G pEN ’
wocw (WF + ZHIL)EW>
thus ‘U™ is a strictly concave function with respect to £,. Furthermore, evaluating the slope dU*/3Ey, at &y, = 0,
1oUu* 1 (wy(1+p)+p(6— wgp)
) &, =0)=— —-1]>0.
LOEy, 1w =0)=7 ( W

Thus, U* is strictly increasing in £, evaluated at £, = 0. Now, at the other boundary of regime I, where &, /L =
/2,

1ou* &, #. 1 (wy (1 + p) — pwg]?
Z (——=2)=—= — -1)= ()0
Logy, “L 20 L\wp[wy,(1+p)+p(0— wp)]
if and only if
0 < ) ww (1 + p) — pwel(wy — wp)(1 + p)/(pWr).
Collecting results, it follows that if 8 is sufficiently small, U* is a strictly increasing an concave function of &£, in the
interior of regime I. Otherwise if 8 is sufficiently large, U* is a concave function that first rises and than falls with

EW-

7 Footnote 9 provides a proof of this claim for regime I. In regime Il
10U 1-7 >0
LOEy, 2RL
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As wage employment demand rises further, we come to a point where we leave regime Ill and
enter regime IV. Additional wage employment demand now induces adult workers to participate in risky
search. In this regime, a given increase in wage employment demand A€y, encourages risky search
among adult workers by more than A€y, raising adult unemployment. Meanwhile, youth
unemployment remains unchanged at (1 — 77) L, since the increase in wage employment demand and
adult risky search behavior balance out each other in such a way that the likelihood of wage
employment is constant and equal to 7 in regime 1V; see (32). Thus, total unemployment necessarily
increases, giving rise to a second peak in total unemployment at the threshold wage employment
demand between regimes IV and V — that is, at £, /L = ©(5/2 — ), when all adult and young workers
are engaged in risky search. Thereafter, any further increase in wage employment demand produces a
strict decline in total unemployment. The reasons are two-fold. First, with all job seekers already
participating in risky search, raising wage employment raises the number of young workers that
successfully achieve wage employment while young, but decreases the total number of remaining adults
who can participate in risky search upon reaching adulthood. As shown in (41), the total number of risky
job seekers J,- decreases with ;. Furthermore, from (38), the likelihood of wage employment " rises
with wage employment demand here. Taken together, total unemployment (1 — *)J;: must be
decreasing in wage employment demand here.

We turn now to Figure 2b. As discussed, the difference between Figures 2a and 2b is in the
spread of 8. In particular, still continuing with the maintained assumption that @ is distributed uniformly
on [—6, 8] the larger is 8, the more spread out the distribution of the payoff 8 to high-paying self-
employment in regime |. With a more spread out 8 distribution, the same increase in wage employment
demand draws in a proportionally smaller number of risky job seekers.® Since unemployment is given by
the total number of risky job seekers minus the number of available job openings J; — &y,
unemployment can in fact decrease with €, /L in regime | if J;: does not rise fast enough with &y, as
would be the case when the distribution of 8 is sufficiently spread out. This is precisely the case that

Figure 2b illustrates. Interestingly, this implies that the U* schedule is now triple-peaked.’

8 To see this, differentiate/J; with respect to £y, /L to obtain
dlogd; Wp

dlog(€ 20pEy,
log( ”) (Wp +—C )
an expression that is strictly decreasing in 6.

% Footnote 9 demonstrates that U* is inverted U shaped with respect to £y,/L in the interior of regime | when 8 is
sufficiently large.
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The Number Working in Wage Employment
In all regimes analyzed here, the number of workers available in the economy is greater than the
number demanded by employers. Therefore total wage employment is exactly equal to wage
employment demand &y in equilibrium.

The split of &, between adult and young workers may be determined as follows. Starting with
wage employment among young workers ey, multiply the equilibrium likelihood of wage employment

" by the number of young risky job seekers j;- in each of the five regimes to obtain:

Sw - Sw .

T if TmReg.I

T1&y 1 Ew .

2<ﬁ T +2> LmeReg.II
ey 2&y Ew
wv_J] X if -2 4 45
T =132 if - inReg. I (45)

£
if TW in Reg.IV

T

5 5\ &y

T I

4 4 L LlenReg.V

As for adult workers, the total number of adult workers in wage employment is (i) the number
of young workers who find wage employment as youth and stay in wage employment as adults, which
they will do if and only if they have low 8, plus (ii) the number of adults who seek and find wage
employment. The number in group (i) equals the number of young low 8 workers who engage in risky
search multiplied by the probability of success 7*. In regime |, there are no low 6 workers who engage in
risky search, but from regimes Il onwards, the total number of young low 8 workers who engage in risky
search is simply j; — Lp;gn 9, OF, the total number of young risky job seekers net of the total number of

high 8 young workers. Summing (i) and (ii):

. Sw .
ﬁ(l Ew 1) if v in Reg. I
2\ £ 2 1
1Eyw if A in Reg. Il
E; 3L IS (46)
+={" e, if = inReg. 111
L ﬁ(___ 1 L
T L Ew
> > if — inReg.IV
1 4 (5) Ew (5 (5) Ew SL
4 4 £ |\a 4 L | if TW inReg.V

25



Figure 3 graphs youth wage employment ey,/ £, adult wage employment E};, /L, and total wage
employment &, /L, each as a function of total wage employment £;,,/L. As shown in Figure 3, the
youth wage employment function ey, /L is a strictly increasing function of the number of wage
employment jobs in regimes |, Il, and lll, flat in regime IV, and again increasing in regime V. To recall, in
regime IV, the probability of wage employment is constant at 77, while the total number of risky job
seekers is likewise constant at L since all young workers engage in risky search in this regime. It follows
that youth wage employment — 77 times L -- must be independent of wage employment demand. We
also see in Figure 3 the adult wage employment function Ey;, /L. It is flat at zero in regime | because the
only people who are hired into wage employment are high 8 youth, all of whom move out of wage
employment and into high-paying self-employment as adults. However, in regimes Il, lll and IV, some
low 6 persons are hired into wage employment as youth and choose to remain in wage employment as
adults, and the number doing this increases with total wage employment. Finally in regime V, where all

adult workers not yet engaged in wage or high paying self-employment pursue risky search, adult wage
N L € .
employment first rises and then falls with TW' reflecting the balance between two separate effects of an

increase in wage employment on adult wage employment. First, increasing wage employment increases
the likelihood that an adult risky searcher finds wage employment. But going in the opposite direction,
increasing wage employment also increases the number of high 8 youths who will eventually engage in
high paying self-employment by working in wage employment as youth. As such, the total number of
remaining adult job seekers actually declines. The latter effect gets stronger as the total number of wage
employment job rises. This inverted U-shaped relationship between wage employment demand and

adult wage employment is shown in Figure 3.

Using (47) and (46), it can be easily verified that the sum of wage employment among adult and young
workers, Ey, + ey, is indeed equal to €. Furthermore, comparing Ey, and ey, it is clear from Figure 3
that the total number of young workers in wage employment strictly exceeds the number of adults in
wage employment. This corresponds well with our discussion in section 2.2, reflecting therefore that
young workers, with two rather than one period of work life remaining, have greater incentives than

adult workers to participate in risky search, and thus attain wage employment.

The Number Working in High-Paying Self-Employment
High-paying self-employment in this economy £}; consists of workers who a) were in wage employment

as youth, which enabled them to acquire the financial and human capital needed to enter self-
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employment, and who b) choose to enter self-employment because they can earn more there than they
could in wage employment. Condition b) limits us to high 6 individuals only. Thus &, is given simply by
¥ times the total number of young high 0 individuals who undertake risky search. In regime |, the
number of young high 6 individuals who undertake risky search is equal to J; itself. From regime I
onwards, the total number of young high 6 individuals who undertake risky search is equal to Lp;gn ¢ =

L/2.Thus, collecting results on m*and J,- from section 3 for each of the five regimes:

= c
L if TW in Reg.I
t
) L Sw o,
fg if - in Reg.Il
& _ )31 o Ew
T {3 <L if — in Reg.lll (47)
T
- E
2 if TW in Reg. IV
1(s Ew
E Z— lf T inReg.V

Since only adult workers can enter high-paying self-employment, e;; = 0, and as such &;; = Ej;. Figure
4 plots high-paying self-employment as a function of wage employment demand &£, /L. As shown, high-
paying self-employment is strictly increasing in wage employment demand in regimes |, lll and V, and
independent of wage employment demand in regimes Il and IV. To see the intuition behind these
variations in comparative statics responses, note first that in regime |, every wage employment job is
occupied by a young high 8 worker. It follows therefore that any increase in £, will increase high-paying
self-employment &;; one for one. Next, in regimes Ill and V, respectively all young workers, and all
young and adult workers, are risky job seekers. Raising £, here increases the likelihood of wage
employment for all risky job seekers, including high 8 young workers who plan to enter high-paying self-
employment as adults. It follows that raising £, in these regimes increases high-paying self
employment.

By contrast, in regimes Il and IV, note from (19) and (32) that conditional on undertaking risky
job search the likelihoods of wage employment are respectively constantatt* =@ and n* = 7. It
follows straightforwardly that increases in £, /L within these regimes will have no effect on the number
of high-paying self-employed individuals since only high 8 individuals enter high-paying self-

employment, and the number of such individuals is £/2, a constant in both regimes Il and IV.
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The Number Working in Free-Entry Self-Employment
Free-entry self-employment is given by the number of job seekers who adopt the safe search strategy.
Among young workers, this is simply given by £ — j. From (41),

Ewww + pwy + 0 — wp)

£
if TW in Reg.I

. L (W 4 29‘peW) c
e F - r
e _ L if = inReg.II (48)
L 1 (1 Ew 1) L
2\7 £ 2

if ETW in Reg. 111

This relationship falls monotonically in regimes | and Il, reaching zero at the end of regime Il and
remaining at zero thereafter. Turning to adult workers, there are two subgroups. The first adopted risky
search while young but failed to gain wage employment; the number in this category is (1 — *)j,. The
second chose safe search when young; their number is £ — j;. The total number of adult job seekers is
thus (1 —*)j; + L —j; = L —m*j;. (The remaining adult workers are not job seekers because they
have already found their best possible employment situation.) Of the £ — m*j;* adult job seekers, some
(/) choose risky search as adults, leaving L — it*j; — J; as safe job searchers among adults. All of these

safe job searchers end up in free-entry self-employment. We thus have:

£
rl_c‘f_w if TwinReg.I
L 5
. 1(5W ﬁ) if TW inReg. 1l
E; 2\ "2 Evr
T = 2&y if — inReg.Ill (49)
3L Ew
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Yo\ T2 £,
\ 0 if = inReg.V

This number decreases monotonically in the first four regimes, reaching zero at the end of regime IV and
remaining at zero in regime V.

Summing adult and young workers in free-entry employment as given by (48) and (49), we have:

_Ew _Ewww + pww + 6 — wr) if S—WinRegI
L L 20pEy, L '
. . if — inReg.II
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which is strictly decreasing with respect to Ey,/L In regimes |-V before reaching zero and remaining at

zero in regime V. Figure 5 illustrates.

4.3. Summary of the Effects of Increased Demand for Labor in Wage Employment
What we found in this section is that as the amount of wage employment increases:
1. The number of risky job searchers increases in three of the regimes, is unchanged in one regime
and falls in the fifth (Figure 1).
2. Unemployment changes non-monotonically, rising in some regimes and falling in others (Figures
2a and 2b).
3. More youth are drawn into wage employment, while adult wage employment first rises and
then falls (Figure 3).
4. High-paying self-employment increases strictly in some regimes and is unchanged in others
(Figure 4).
5. Free-entry self-employment decreases monotonically or is unchanged depending on the regime
(Figure 5).
Table 2 summarizes these results in another way. The reader is invited to examine all of the changes

within a given regime and/or how a given outcome variable changes from one regime to another.

5. Conclusion

This paper has incorporated three key heterogeneities into the standard Harris-Todaro labor market
model: heterogeneity within self-employment, heterogeneity in ability, and heterogeneity in age. We
have shown that these heterogeneities can be brought together in tractable fashion to characterize
equilibrium in a model whose features comes closer to the realities of developing economies. The model
has allowed us to ask questions which cannot be addressed in the standard model. Further, we have
shown that key results of the standard model can be overturned.

We have shown that the model has five regimes, in which different combinations of young and
old are undertaking the risky search strategy, viz., trying for a high-wage job and taking one up if
successful, ending up unemployed if unsuccessful. The model yields these five distinct regimes
depending on parameter values:

e Regime I: Risky search is undertaken only by some of the young workers who are of high

enough entrepreneurial ability that they will begin in wage employment and then use
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the skills and experience gained in wage employment to enter high-paying self-
employment as adults;

e Regime Il: Risky search is undertaken by all of the high-ability young workers as well as
some of the other young workers, who do not have high enough entrepreneurial ability
to enter self-employment, but for whom justification for participating in risky search is
purely to find wage employment;

e Regime lll: Risky search is undertaken by all young workers but no adult workers;

e Regime IV: Risky search is undertaken by all young workers and also by some adult
workers who are not already in wage employment or in high-paying self-employment,
for whom the justification for participating in risky search as an adult worker is to find
wage employment as an adult.

e Regime V: Risky search is undertaken by all young workers, and by all adult workers not
already in wage employment or high-paying self-employment.

Let us now answer the three questions posed at the start of this paper: Does increasing high-wage
employment increase or decrease unemployment? What does increasing high-wage employment do to
youth and adult unemployment? What does increasing high-wage employment do to high-paying self-
employed and low-wage free-entry work?

We start by considering what happens to the relevant labor market outcomes as wage
employment increases. At very low levels of wage employment, the probability of getting a job is so low
that it is not worth any adult worker taking the risky job search strategy. However, it will be worthwhile
for some young workers to take up the risky strategy, and this will be true for those whose ability is so
high that the return over time of getting a wage job (which is the window to high paying self-
employment) more than balances the low probability of securing a wage job. This is regime I. As wage
employment rises, parametrically, this probability rises, and pulls in lower ability young workers, until
we get to young workers who will not enter entrepreneurship after wage employment, but the risk is
still worthwhile for them because the probability of a wage job is sufficiently high. This is regime Il. As
wage employment and hence the probability of finding wage employment continues to rise, all young
workers will be taking risk but no adults (among those who are not already in wage employment or high-
paying self-employment) as yet--because young workers have two periods to reap the gains of getting
lucky while adults have only one period left in their lives. We are now in regime Ill. This will go on until
the gains from safety and risk are just matched for adult workers and we move to regime IV. Now the

number of adult workers undertaking risky search will increase with wage jobs until all adult workers
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(who are not already in wage employment or high paying self-employment because of choices when
they were young) are also searching. When this happens, we are in regime V. The consequent division of
wage employment between youth and adults is displayed in Figure 3.

An analogous story can be told for other parameters in the model, but the intuitive account for
the case of wage employment increasing carries through for all. In fact, the wage employment story
immediately gives an answer to the first of our questions: Does an increase in wage employment
increase or decrease unemployment? The answer is that in the richer model the relationship between
formal jobs and unemployment is non-monotonic. This is shown in Figures 2a and 2b. As wage
employment increases from a low level, more youth undertake the risky search strategy (we are in
regime 1). If the number of high ability young workers undertaking risky search exceeds the increase in
wage employment, higher unemployment ensues as in Figure 3a when the spread of worker ability is
sufficiently narrow. But by contrast if the spread of worker ability is sufficiently wide, an increase in
wage employment may draw in a smaller number of risky job seekers. The result is the possible non-
monotonicity within regime | as unemployment rises and falls with wage employment as shown in
Figure 2b.

Now let us proceed to subsequent regimes. Once in regime Il, the Harris-Todaro prediction —
higher wage employment increases unemployment — holds when the marginal risky job seeker is a low
ability young worker. But the point comes where all the young are taking the risky strategy but adults
are not, which marks regime Ill. Thus further increases in formal jobs will reduce unemployment. As
formal jobs keep increasing and older workers enter risky search, the logic of regime Il comes back and
more jobs mean more unemployment. However, as wage employment keeps rising, eventually
unemployment will also fall by the logic of regime Ill. So our model answers the first question but gives
an answer which is at odds with Harris-Todaro: over certain ranges, unemployment can fall when formal
wage unemployment increases. Further, the analysis delineates precisely when this happens and why.

We have already touched upon the answer to the second question: What does increasing wage
employment do to youth unemployment? Our analysis shows a non-monotonic relationship, with ranges
where increasing wage employment will indeed reduce youth unemployment (for example, in regime lll
and V, with no change in youth unemployment in regime IV). As important, however, our analysis allows
a differentiated analysis of youth unemployment and adult unemployment in response to different
policy changes. In regimes |, Il and Ill, for example, increasing wage employment affects youth
unemployment but adult unemployment remains at zero throughout. In regime IV, however, increasing

wage employment increases adult unemployment but does not affect youth unemployment. In regime
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V, at very high levels of wage employment, further increases in wage employment do indeed lead to
falling unemployment among both adults and youth. These patterns are illustrated in detail in Figures 2a
and 2b.

The answer to the third question —among the self-employed, how many are able to become
high-earning entrepreneurs and how many are confined to low-wage free-entry work?—is embodied in
our earlier discussion as well. In regime |, only young workers of high enough ability adopt risky search,
and of these, all those who find wage employment eventually become high paying entrepreneurs. In
regimes Il - V, the number of high ability workers who enter high paying entrepreneurship now
additionally depends on the number of other workers (including low ability young workers in Regimes Il
and Ill, adult workers in Regimes IV and V) who also adopt risky search, and the resulting wage
employment probability. Figure 4 illustrates that high paying self-employment is sometimes strictly
increasing with respect to wage employment and is sometimes unchanged.

Turning to low wage free entry work, among young workers, these are workers who choose not
to engage in risky search. Figure 5 illustrates the number of such workers as positive and strictly
decreasing in wage employment in regimes | and Il. Beyond regime I, there are no more young workers
in free entry work for they either unemployed, or employed in wage employment. Among adult
workers, low wage free entry self-employment applies to those who are (i) not employed as a wage
worker, (ii) not employed as a high-paying entrepreneur, and (iii) not engaged in risky search. Consistent
with these three reasons, Figure 5 shows adult low-wage self-employment to be decreasing in wage
employment demand through regime IV. Then, in regime V, some adult workers have already found
wage employment and then moved up into high-paying entrepreneurship, other adult workers have
already found wage employment and chosen to remain in wage employment, and all remaining adult
workers engage in risky search, which results either in wage employment or unemployment.
Consequently, no adult worker is in free-entry self-employment in this regime.

To summarize, across all regimes, only high-ability individuals undertake risky search to earn a
chance to enter high-paying self-employment. As for low wage free entry work, it is adopted by all those
young or adult job seekers who do not adopt risky search.

Taken together, our results provide two sets of insights that are to date underappreciated in
multi-sectoral models of labor markets in developing economies. First, the original Harris-Todaro
insights on the effectiveness of policies on labor market outcomes hold well when the relevant group of
workers contemplating risky search is homogeneous in terms of ability, and has a static decision time

frame so that their assessment of the gains and opportunity costs of risky search are both homogeneous
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and one shot. In our setting, regime IV fits this description exactly. By introducing heterogeneous
ability, we introduce regime |, in which the marginal risky job seeker has high ability, and makes the
decision on whether to engage in risky search depending on the relative costs and ability-specific gains
from doing so. By introducing two age groups, we introduce regime Il, in which the benefits and
opportunity cost of risky search depends explicitly on the dynamic considerations. In regime lll, we are
at a corner where policies do not affect the extent of risky search for either generation: young workers
are all choosing risky search and adult workers are all choosing safe search On the other hand, in regime
V, we have the other corner solution: all job seekers, young and old alike, engage in risky search.

Second, our model also illustrates how aggregate labor market outcomes can mask much more
nuanced comparative statics at the group / sub-group level. The unemployment responses of youth and
adult workers to rising wage employment are good examples, where the two are shown to move in the
same direction in one regime (V) and in different directions in others (regimes | — IV).

We hope our model has reinforced the value of multi-sector labor market modeling for
developing countries while also demonstrating which earlier results are sustained and which are

contradicted in an enriched structure. We look forward to extending this line of analysis in future work.
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Table 1. Ex Ante and Ex Post Labor Market Equilibrium
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Table 2. Comparative Statics: High-Wage Employment, Ex Ante and Ex Post Labor Allocations

Regime Impact of raising &, on:
J; w Eiy i
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I + + + 0
1] 0 - + +
\Y, + + + 0
Vv - - + +
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Figure 1.
Equilibrium Risky Job Search
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Figure 2b.
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