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Abstract

In this paper I build an equilibrium search model of the urban
Tanzanian labour market that explains the choice between wage and
self-employment and the variation in earnings across and within these
sectors. Self-employment is very common in urban Tanzania and sur-
vey data show both that there are large overlaps in the distribution of
earnings in private wage employment and self-employment and that
there is little movement between wage and self-employment. This sug-
gests that self-employment represents a worthwhile alternative to wage
employment in small, low-productivity firms for the majority of urban
Tanzanians, in contrast to the traditional view of African labour mar-
kets in which wage employment in small firms and self-employment
are lumped together as the informal sector.

1 Introduction

African labour market analysis has traditionally emphasised the existence of
large wage differentials between the formal and informal sectors, following
Harris and Todaro (1970) and Fields (1975). In this paper I suggest an alter-
native approach to modeling the urban Tanzanian labour market, focusing
instead on the distinction between wage and self-employment and the role
of comparative advantage and individual heterogeneity in determining where
to work and earnings in each of these sectors.
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The awareness of the importance of individual heterogeneity in earn-
ings determination is an important advance in recent labour economics.
Mortensen (2003) notes that observable characteristics typically explain only
30% of the variation in earnings, and Heckman (2001), in his Nobel prize lec-
ture, concludes that it has been the collection of micro data which has lead
economists to appreciate the “diversity and heterogeneity of economic life.”
This understanding has also influenced thinking about labour markets in
developing countries, with apparent segmentation being argued away by ap-
peals to unobserved heterogeneity (Badaoui et al. (2008)). In a similar vein
Falco et al. (2011, pg S24) conclude from their study of earnings data in the
urban labour markets of Ghana and Tanzania that “by far the most impor-
tant factor determining earnings is unobserved market ability.” In this paper
I attempt to provide a model that is consistent with this conclusion, as well
as with further analysis of Tanzanian survey data, and that takes account of
the obvious differences between wage and self-employment.

The equilibrium search theory literature suggests that a focus on the
differences between wage and self-employment may be important for under-
standing the workings of the urban labour market in low income countries,
like Tanzania. Both ex-ante wage posting and ex-post wage bargaining mod-
els suggest workers may earn less than their marginal product due to the
monopsony power of firms. Self-employment, which is very common in ur-
ban Tanzania, does not, however, involve interaction with a firm and thus the
self-employed can capture all the returns to their labour and the return to
any capital they have accumulated. This is an important distinction which
has not been made in models of African labour markets to date.

This distinction is also important empirically. In section 2 below I show
that Tanzanian survey data show that there are limited transitions between
wage employment in small firms and self-employment, which have tradition-
ally been lumped together as the informal sector. Tanzania also has large
amounts of self-employment and only a small formal sector comprised mainly
of public employment and large firm employment. This is further evidence
for differentiating, instead, between wage and self-employment. This is in
line with Maloney’s (2004) conclusion, who suggests that self-employment in
the informal sector represents a viable alternative to salaried work either in
the formal or informal sector, as a result of the low productivity of firms in
many developing countries.

The framework I use to model the Tanzanian labour market and make a
distinction between wage and self-employment is equilibrium search theory
(Mortensen and Pissarides 1999). Recent research has used the equilibrium
search framework to explain features of developing country labour markets.
Satchi and Temple (2009) develop a macro matching model of the Mexican



labour market that allows for the presence of frictions in the formal sector
and assumes their absence in the informal sector, which helps to generate a
realistically sized informal sector. Because theirs is a macro model, Satchi
and Temple (2009) focus on average wage differentials between sectors, as
well as the relative size of the sectors, but cannot explain the distribution of
earnings, one of the main goals of my paper. Albrecht et al. (2009) extend the
canonical Mortensen and Pissarides (1994) search model to build a two sector
model of a Latin American labour market, with both formal and informal
sectors. Earnings and ability vary in the formal sector but are constant in
informal employment.

Search theory has not only been used by those emphasising heterogeneity
in earnings, however. Fields (2004) sugggests that the segmentation litera-
ture may have even influenced search theory, since wage posting models can
generate earnings differentials across ex ante identical individuals. Ulyssea
(2010) provides a two sector matching model of the Brazilian labour market
which generates a formal sector premium despite identical firms and workers.
In this paper, however, I take as my starting point the importance of indi-
vidual heterogeneity, the small formal sector in Tanzania and the substantive
differences between wage and self-employment.

I thus use the equilibrium search framework and the theoretical and em-
pirical insights discussed above to develop a two-sector matching model of the
urban labour market in Tanzania in which individuals choose to work either
for a firm or for themselves. Embedding this choice within the search theory
framework is an important strength of the model as this generates earnings
heterogeneity in both wage and self-employment, despite an assumption that
productivity varies only in self-employment.

In the model the productivity of some individuals in wage employment is
low relative to their self-employment productivity. Variation in self-employment
productivity generates an opportunity cost of wage employment that is in-
creasing in self-employment productivity, thus incorporating insights about
comparative advantage in different sectors that date back to Roy (1951). 1
use the Albrecht et al. (2009) model of a Latin American labour market as
the basis for my model. However I improve this model in a number of ways.
I alter the model to better fit the variation in earnings and the differences
in earnings determination across wage and self-employment. My model gen-
erates earnings variation in both wage and self-employment, despite having
variation in ability in only one sector. I also provide a complete equilibrium
analysis of my (slightly simpler) model, which was absent in the Albrecht et
al. (2009) paper.

Section 2 explores the Tanzanian data and how these data speak to dif-
ferent models of the Tanzanian labour market. In section 3 I develop a model
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which captures some of the features presented in the empirical exploration
and in section 4 I solve this model. Section 5 explores how the numerical
solution to the model matches the empirical evidence and section 6 concludes.

2 Evidence from the Tanzanian Labour Mar-
ket

I use two sources of data to explore the urban Tanzanian labour market
and to discriminate between competing understandings of this market. The
first is the nationally representative 2006 Integrated Labour Force Survey
(ILFS), collected by the Tanzanian National Bureau of Statistics (NBS), and
the second is the 2004 and 2005 rounds of the Tanzanian Urban Panel Survey
(TUPS), collected by the Centre for the Study of African Economies (CSAE)
at the University of Oxford?.

Table 1 shows that self-employment is the most common type of em-
ployment in urban Tanzania. Over 80 percent of the self-employed are own
account workers with the remainder mostly employing a small number of em-
ployees. Wage employment accounts for around a third of urban employment,
split roughly equally between smaller firms employing less than 10 workers,
larger firms and public sector employment. It is clear that obtaining public
sector employment requires significant investments in human capital- with
nearly two thirds of public employees having completed O-levels. Urban un-
employment rates are relatively high as measured in the ILFS, with around
17% of those between the age of 16 and 64 unemployed in urban Tanzania,
compared to 4.5% for the country as a whole.

Table 1 also shows that median earnings in the ILF'S are lowest for those
in small firms, followed by those in self-employment with no employees and
then those in large firms?. Public sector workers earn the most, but this is
partly due to their high levels of education ®. Median earnings are also much
higher for entreprenecurs with employees, but these are still mostly informal
businesses, with one third of these employers having written accounts and
only 15 percent having accessed credit in the last year. These rankings are
preserved in regressions with detailed controls for human capital, shown in
Table 2, using the TUPS data.

'For further information on the TUPS see Rankin et al. (2010)

2The NBS data release of the 2006 ILFS incorrectly coded the direct measure of net
income so I use gross income minus expenses to calculate net income.

3Wage employees were asked about their gross income in the ILFS. It is likely that
public sector workers paid tax but that small firm employees and the self-employed did
not.



Differences in median earnings tell only part of story however. Figure 1
shows the real earnings densities in employment for the same categories as in
Table 1. There is clearly much more variance in earnings in self-employment
compared to wage employment?. There are also large overlaps between what
are generally considered formal and informal sector jobs. Around a third
of employees in firms that have more than 10 employees earn less than the
median in self-employment for those without employees. The differences
in median earnings suggest that a focus on average earnings differentials
is important but the large variation within sectors, particularly within self-
employment, suggests a model of earnings determination should also account
for this heterogeneity in earnings.

Table 3 uses longitudinal data from the 2004 and 2005 rounds of the
Tanzanian Urban Panel Survey to explore employment transitions. There
is very little movement between self-employment and wage employment?,
though there is movement within these categories between self-employment
with, and without, employees, as well as some between small and large firm
wage employment. This suggests that comparative advantage in wage and
self-employment may play an important role in decisions about whether to
work for one’s self or a firm.

The data I have presented from the urban Tanzanian labour market sug-
gests there is substantial variation in earnings in self-employment, with earn-
ings for many self-employed exceeding that in wage employment in small
firms. There is also very little movement in either direction between wage
employment (in small or larger private firms) and self-employment. This
evidence, together with the obvious differences in earnings determination be-
tween wage and self-employment, suggests that a fruitful way of modeling the
labour market may be to assume that individuals in the private sector choose
between wage and self-employment based on their comparative advantage.

3 A Model of the Tanzanian Labour Market

3.1 Model Outline

As a result of the evidence presented above, as well as intrinsic differences in
earnings determination for wage and self-employment, I build a two-sector

4This may partly be explained by measurement error, since the self-employed are asked
about and must therefore calculate their profits, whereas wage employees simply report
their earnings, as explained above.

SThis is also the case in the data presented by Ulyssea (2010) for the Brazilian labour
market.



model of comparative advantage in the Tanzanian labour market that also
captures the difference in the way earnings are determined in wage and self-
employment®. The model generates outcomes that are broadly consistent
with the empirical evidence from Tanzania.

I use a matching framework in a Roy-type model (Roy 1951) of compar-
ative advantage, in which individuals choose either wage or self-employment
opportunities based on their expected earnings in each sector, building on
the model of Albrecht et al. (2009). Frictions limit the rate at which work-
ers and firms meet each other and the rate at which the self-employed find
self-employment opportunities. Individuals earn their marginal product in
self-employment, though wage employees do not as they are assumed to bar-
gain with the firms they meet.

As a result of the variation in earnings within sectors that I highlighted
above, I assume that individuals vary in self-employment productivity but
that there is constant productivity across all firms, as well as across all
workers in wage employment. Despite there being variation only in self-
employment productivity, my model also generates earnings variation in the
bargained wage, as a result of the variation in workers’ outside options due
to their differences in self-employment productivity. This highlights the im-
portance of the distinction between self and wage employment- it is this
distinction within the search framework that buys variation in earnings in
both sectors, despite homegenous productivity in wage employment.

As a result of the differences in self-employment productivity, individuals
with low ability take only wage employment, some individuals take both, and
some take only self-employment. All individuals experience unemployment
when their jobs are destroyed, and they then go back to searching for either
wage opportunities or self-employment opportunities or both?.

6The empirical analysis above suggested that earnings in the public sector provides a
large part of the incentive to acquire advanced secondary or tertiary education. I do not
include it in my model, however, and focus instead on the choice between private wage
employment and self-employment.

"Some readers may find it odd that I include a job destruction rate and frictions in
self-employment but I would argue both that this is plausible and that it makes sense of
the empirical analysis above. An individual selling goods from an illegally sited kiosk may
find it destroyed by government officials. In both cases the individual concerned would
have to look for a new opportunity, in the sense of finding a site to sell goods at. This
would take time and could be modeled by assuming there are frictions in self-employment.
Frictions may well be lower in self-employment, as argued in Zenou (2008) and I allow for
this possibility, exploring the effects of varying the level of frictions in section 5.



3.2 Individual Behaviour

In the model self-employment productivity is distributed over a population
of individuals whose (constant) size is normalised to 1. Employment for
workers and the filled jobs of firms are thought of as assets that bring an
instantaneous return, in the form of wage or self-employment income for
workers and profits for firms. The capital value of these assets may change
in the future as a result of shocks to the match which result in it being
destroyed. For workers, the new value of the employment asset is assumed
to be the value of unemployment that results from the job ending. For the
firm, the new value is the (negative) value of holding a vacancy open.

An individual with productivity y in self-employment earns y but faces
a probability ¢, that this self-employment opportunity will be destroyed and
that she will enter unemployment. The asset equation for the self-employed
is thus

rVi(y) =y + ¢(Vuly) — Vi(y)) (1)

where V,, is the value of unemployment, V; is the value of self-employment
and r is the interest rate.

Unemployed workers search for employment opportunities and whilst do-
ing this receive unemployment income ky with 0 < £ < 1. Unemployment
income is a function of individuals’ self-employment ability, as in Wong’s
(2003) model of the US labour market®:

rVu(y) = ky + amax[(Vi(y) — Vu(y)), 0] + m(0)max[(Ve(y) — Vu(y)),0]. (2)

a is the probability that an unemployed worker will find a self-employment
opportunity. m(#) is the rate at which wage employment opportunities arrive
and is a function of #, a measure of labour market tightness. 6 = v/u, where v
is the number of vacancies and u is the number of unemployed persons. When
the labour market is tight v is low relative to u, 6 is thus low and workers will
have a harder time finding firms to match with, implying that the matching
rate will be lower. The matching rate in self-employment is assumed to be
exogenous. When an individual finds a self-employment opportunity or a
wage employment opportunity this results in a change in the capital value of
the unemployment asset that an unemployed person is thought of as holding.
I noted above that variation in self-employment productivity creates an
opportunity cost of taking wage employment that is increasing in self-employment

8 Assortative mating by income, education or assets is a possible explanation for unem-
ployment earnings depending on productivity, with a spouse providing income in a period
of unemployment, but neither the household nor education are taken into account explic-
itly in this model. Fafchamps and Quisumbing (2005) provide evidence that sorting on
human capital occurs in the Ethiopian marriage market.
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productivity, similar to the model of Albrecht et al. (2009). Thus workers
with low self-employment productivity choose employment in the wage sec-
tor and reject potential self-employment options, because they would earn
much less in self-employment and are better off searching for wage opportu-
nities. Similarly, workers with high self-employment productivity reject wage
employment offers.

The asset equation for wage employees is

rVe(y) = w(y) + ¢ (Vuly) — Ve(y)), (3)

where the wage w depends on y and V, is the value of wage employment. As
in self-employment, wage employment is assumed to end with an exogenous
probability (¢. in wage employment) in which case the worker returns to
unemployment.

3.3 Firms

Firms are assumed to have homogeneous productivity y,, and to employ only
one worker. They match with workers at the rate m(6)/6. When a match
occurs the firm produces a continuous stream of output y,, and pays a wage
w(y) to the worker it matches with. The wage paid depends on worker ability
because ability affects the worker’s outside option. Filled jobs can also be
thought of as assets that firms hold, meaning that the asset equation for a

filled job is
r [ = v —w) + e[ - T]@). (4)

Matches are assumed to end with exogenous probability ¢., which brings
about a change in the capital value of the filled job asset for the firm. Firms
whose matches end are assumed to return to search for workers who are also
searching for employment. While this search occurs, firms are assumed to
incur a cost of holding a job open, meaning that the asset equation for a
vacant job is

r[[=—c+ (m©)/0)Emax(([J(») - T[T ol- ()

v € v

In equation (5), ¢ is the cost of holding a vacant job open per unit of time
and m(0)/0 is the rate at which firms match with workers. Following much
of the literature, it is also assumed that firms are risk neutral.



3.4 Wage Determination

The match between a firm and a worker generates a gain for both parties, who
are assumed to bargain over how the match surplus is distributed between
them. A worker’s outside option is the value of unemployment and a firm’s is
the value of keeping a vacancy open. Thus the rents are (V. (y) — V,(y)) for a
worker and [], —[], for a firm, whilst the surplusis S = [[, — [, —(Ve(y) —
Vu())-

[ assume that with free entry firms compete away expected profits, so that
[[, = 0 and hence that the firm’s outside option has an expected value of
zero in equilibrium. Thus S = [[, —(V.(y) — Vu(y)). Following the matching
literature I assume that the bargaining outcome is the maximum of the Nash
criterion (Nash (1953), Binmore et al. (1986)). Thus the negotiated wage,
w(y), maximises

Vely) = Va@)P ] [ (6)
The first order conditions from this problem give [[ (y) = (1 —v)S and
Ve(y) — Vi(y) = S, the surplus sharing rule. Thus firms and workers share
the surplus according to their bargaining power, which is determined outside
the model. Substituting the value of [, from equation (4) it is possible to
show that

w(y) =y + (1 =7)rVau(y)). (7)
Equation (7) shows a dependence of the negotiated wage w on y because
workers’ outside options, V,(y)), vary with self-employment ability y, despite
identical productivity for all employees. There are two sources of this vari-
ation. The first is that unemployment income depends on self-employment
ability y. The second is that even if unemployment income was constant
across workers, workers have different productivities in self-employment.

4 Model Equilibria

The model setup and the variation in self-employment ability implies an op-
portunity cost of taking wage employment that is increasing in self-employment
ability. The hypothesised equilibrium of the model is thus one in which there
are two cutoff values in ability, y* and y** with y* < y**. These correspond
respectively to the self-employment productivity at which unemployment is
no longer preferred to self-employment, and at which wage employment is no
longer preferred to unemployment .

9There is also the possibility of a one cutoff equilibrium, in which all individuals take
wage employment and some high productivity individuals also take self-employment, as
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Below I show that in the model I have set out some individuals never
take wage employment, preferring to stay unemployed and search for self-
employment. [ assume that these individuals do not congest the matching
process between firms and workers looking for wage employment opportuni-
ties. In this model a steady state equilibrium is one in which the expected
value of maintaining a vacancy is zero, matches are consummated only if it is
in the interests of the firm and individual to do so, the steady state employ-
ment flows conditions hold, so that the unemployment rate is not changing,
and the search incentives of individuals are actually consistent with the pro-
posed equilibrium (Albrecht et al. 2009). A value of 6 together with cutoffs
y* and y** and an unemployment rate u at which the above conditions are
satisfied is an equilibrium of the model.

4.1 Verifying the Proposed Two Cutoff Equilibrium

In this section I verify that the search incentives of individuals are indeed
consistent with the proposed equilibrium, checking that individuals actually
act in the manner in which it was hypothesised they acted. The model is
based on Albrecht et al. (2009) but this paper provides no verification that the
equilibrium proposed in the paper is indeed an equilibrium!. In the model
I have outlined verification requires showing that y* is indeed a point below
which V,,(y) > Vi(y), ie unemployment is preferred to self-employment, and
y*™ is indeed a point above which V,,(y) > V.(y), ie unemployment is preferred
to wage employment.

In the proposed equilibrium, by assumption y* is the point at which
Vu(y) = Vi(y) and y** is the point at which V,(y) = V.(y). To verify that
individual search incentives are consistent with the hypothesised equilibrium
it is thus sufficient to show that V,(y), V.(y) and Vi(y) are increasing in y
for all y between zero and 1 and then to show that V! (y*) > V/(y*) and that
VI(y™) > V/(y*). It must be true that y* < y**.

To begin I show that V,,(y), V.(y) and V,(y) are increasing in y for y < y*.
Equations (3) and (7) give the asset equation for wage employment. Below
y* individuals only take wage employment in the hypothesised equilibrium.

well as a zero cutoff equilibrium in which all individuals take only wage employment.
Intuitively, these types of equilibria will occur when the firm productivity is “high enough”
to make self-employment unattractive. I do not investigate these equilibria any further
in the rest of the paper and confine my attention to the two cutoff equilibrium, which
is both more interesting and more realistic in the case of the Tanzanian labour market.
By assuming that 0 < k < 1 in the unemployment asset equation I have ruled out an
equilibrium in which no one works.
10T am grateful to Margaret Stevens for pointing this out to me.
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Thus the unemployment asset equation, equation (2), becomes

rVu(y) = ky +m(0)(Ve(y) — Vau(y))- (8)

Solving the unemployment and wage employment asset equations it is pos-
sible to show that

~ m(0)yyw + ky(r + qe)
rVauly) = tatm@)y (9)

It is clear from equation (9) that V,,(y) is increasing in y and therefore, using
equation (8), that V,(y) is increasing in y and, using equation (1), that Vi(y)
is increasing in y. This is all for y < y* in the hypothesised equilibrium.

Having shown that V,(y), V.(y) and V,(y) are increasing in y for y < y*
I now show that V!(y*) > V/(y*). At y* V,, is defined by equation (9) and Vj
can be found using equations (1) and (9). Thus

o E(r+ qe)
M T e mE) o
and hence
Vi(y) = LHeVal) (1)

T+ s

Using equation (10), the fact that & < 1 and that m(6)y > 0, it is clear that
VI!(y)r <1 for all y and hence V/(y*) > V/(y*).

I now show that V;, V. and V,, are increasing in y for y > y** and that
VI(y**) > VI(y**). Above y** the unemployment asset equation, equation
(2), and the self-employment asset equation, equation (1), can be solved for
Va(y): b+ a) +

Y\ + (s ay
Vily) = ALY (12

V.(y) is clearly increasing in y above y** in the hypothesised equilibrium.
Equations (12) and (1) imply that Vi(y) is also increasing in y above y** in
the hypothesised equilibrium.

I must now show that V,(y) is increasing in y above y** and that V/(y**) >
V! (y**). Equations (3), (7) and (12) can be solved for V,(y):

e

w ]-_ Qe kr—i_QS +Oé
Vi) = e (120 yk( ) vy

= (13)
T+ qe r+q  rr+aq) r+qs + «

Thus V,.(y) is increasing in y above y™ and, since 0 < v < 1 this implies
Valy™) > VI(y™).

e
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For y* < y < y** the unemployment asset equation becomes

rVu(y) = ky + a(Vi(y) — Vu(y)) + m(0)(Ve(y) — Vu(y)), (14)

since individuals with these levels of productivity take both wage and self-
employment in the hypothesised equilibrium.

The wage employment asset equation, from equations (3) and (7), to-
gether with the self-employment asset equation, equation (1), and the unem-
ployment asset equation, equation (14), imply that

ky(r +qs)(r + qe) + ay(r + qe) + m(0)yyu(r + gs)
(7 +qs)(r + qe) + a(r + qe) +m(0)y(r + qs)

rVauly) = (15)
This is clearly increasing in y for y* < y < y™. From equations (1), (3) and
(7) it is obvious that Vi(y) and V,(y) are also increasing in y for y* < y < y**.

I have thus shown that individuals’ incentives are consistent with the
actions they are hypothesised to take in the proposed two cutoff equilibrium.
Below I solve the model in the case of the two cutoff equilibrium and then
show that this is the only two cutoff equilibrium possible.

4.2 Solving for y* , y** and 6

Solving the model requires obtaining the cutoff values y* and y** and solving
for the equilibrium value for 6, labour market tightness. This first requires
finding an expression for y* in terms of the exogenous model parameters and
6. In the previous section it was verified that below y*, V,(y) > Vi(y) (un-
employment is preferred to self-employment). This explains why low ability
individuals take only wage employment opportunities. Individuals with pro-
ductivity above y*, but below y**, take both wage and self-employment. At
y*, Vu(y*) = Vi(y*), which with equation (1) implies that rV;(y*) = y* and
thus, using equations (2), (3) and (7), it is possible to express y* in terms of
f and the exogenous parameters of the model:

. m(0)YYuw

VTR a0+ ) 1o

In a similar fashion one can also find the value of y**, the level of produc-
tivity above which individuals take only self-employment. At y**, V, (y*™*) =
V.(y™) and hence the unemployment asset equation (2) and the self-employment
asset equation (1), can be used to substitute out V;(y**) and solve for V,,(y**):

T4 qs + ‘

rVul(y™) (17)
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By assumption, y** is the value of y such that V,(y**) = V.(y**), and

together with equation (3) and (17), implies that rV.(y**) = w(y™) and
hence

w(y™) = :

r+qs + o

Now the bargained wage equation (7), with V,,(yv**) = V.(y**) and V. (y**) =
w(y™), implies that w(y**) = y,. Thus the highest wage firms pay is paid
to workers with the highest ability in self-employment who still take wage
employment, and this is the wage which leaves the firm indifferent between
agreeing to the match and returning to search for another worker, where the
expected return must zero in equilibrium as a result of free entry. This logic
implies

(18)

*k yw(a+q3+r)
a+k(r+gqs)

[ now have an equation for y** in terms of the exogenous parameters of the
model and have expressed y* in terms of 6.

Thus far in proposing a two cutoff equilibrium and then verifying that it
indeed was an equilibrium I assumed that y* < y**. I have not yet shown
that this is indeed true in the hypothesised equilibrium, which I am now able
to do based on the solutions for y* and y** found above. Using equation (19),
if £k =1 then y** =y, but k£ < 1. Thus y** > y,,. Similarly, using equation
(16), if £ =1 then y* =y, but k < 1 so y* < y,,. Thus y* < y**.

I have thus shown that the proposed equilibrium does imply that y* < y**
and found an equation linking y* and 6 (16). I now require a second equation
to be able to solve for y* and 6. To do this it is necessary to first solve for
the steady state employment flows, which I do in the following section.

(19)

4.3 Equilibrium Employment Flows

In the steady state of any equilibrium of this model the unemployment rate
cannot be changing, implying that the flows into and out of unemployment
must be equal. These flows will differ by the workers’ ability type, and by
the sector of employment they choose in the hypothesised equilibrium.

Following Albrecht et al. (2009), I let u(y) be the fraction of time an
individual of productivity y spends unemployed, n.(y) be the fraction of
time spent in wage employment and n,(y) be the fraction of time spent in
self-employment, meaning that u(y) + n.(y) + ns(y) = 1'%

U There is no non-participation in this model.
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Individuals with productivity ¥y < y* only move between wage employ-
ment and unemployment, implying that ns(y) = 0 . The steady state condi-
tion is t'h}lS qe(l—y(y)) = m(0)u(y), with u(y) = i) T and ne(y) = 1—u(y).

Individuals with y* < y < y** take both wage and self-employment op-
portunities, meaning there are two steady state conditions for these individ-
uals. Firstly, the flows into wage employment equal the flows into unemploy-
ment from wage employment, and secondly, the flows out of self-employment
equal the flows into unemployment from self-employment. Hence m(0)u(y) =
gene(y) and au(y) = gsns(y). Combining these two implies

e

u(y) = (0> + Qe + oa]se (20>
ne(y) = (9)7;':(6]9@)+ a(ie (21)

and
n(y) = - (22)

qs(m(0) + g + )

Individuals with y > y** take only move between self-employment and
unemployment. This implies au(y) = gsns(y), so that ng(y) = 1 — u(y),
ne(y) =0, u(y) = ;= and ny = -

Total unemployment can then be calculated as

* *ok 1

u:/oy u(y)f<y)dy+/ij u(y)f(y)dy+/** @) fy)dy,  (23)

where u(y) varies for each of the three categories of worker, and f(y) is the
ability distribution in the population.

4.4 Using the Free Entry Condition

The model can be solved by finding a second equation containing the two
unknowns y* and 6, which can be obtained from the free entry condition
[I,(y) = 0 that holds in the steady state equilibrium. This, together with
equation (5), the vacant job asset equation, and the fact that in an equilib-
rium [[, (y) = 0, because firms will only match with workers that they do
not make a loss from hiring, implies

=" o[ Tw). (24)

The value of a filled job to a firm is uncertain because the wage paid de-
pends on the ability of the worker employed. In the proposed equilibrium
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only workers with productivity y < y** take wage employment offers. To
calculate the expected value of a filled job, E[[].(y)], the distribution of
workers with which firms can potentially match is required. The distribu-
tion of worker ability in the population is known but this is different to the
distribution of unemployed workers who would take wage employment offers
from firms. Above I assumed that the self-employed who do not search for
wage employment do not congest the matching process between firms and
workers who do take wage employment. Thus I denote the density of ability
for those in unemployment who are searching for wage employment as f,(y)
and then, following Albrecht et al. (2009), use Bayes’ Law to write

fuly) = "I, (25)

Up2
where 1y is the unemployment rate for all those who take wage employment
opportunities, ie those with y < y**.
Using the equation for a filled job, equation (4), with [[, = 0, and the
value of w(y) from equation (7), the outcome of the Nash Bargain with free
entry it is possible to write the free entry condition as

_m(0)(1—v) 7 u(y)f(y)
= W/o (Yw — Vu(y))u—md

Equations (26) and (16) are two equations in the two unknowns y* and 6,
which can be solved to find the equilibrium values of these variables, after
solving for the values for V,,(y) for those workers with productivity below y**.

The values of V,(y) differ for individuals with productivity above and
below y*. Workers with y* < y < y*™* take both wage and self-employment,
meaning that solving the self-employment, wage employment and unemploy-
ment asset equations (equations (1), (3)) and (2)) for 'V, implies

Vi(y) = ky(r +4,)(r + ge) + ay(r + ge) +ym(O0)yu (r + ¢5)
(r+¢5)(r + ge) + a(r + go) +ym(0)(r + ¢s)
Workers with y < y* do not take self-employment so solving the wage
employment and unemployment asset equations ((3) and (2)) implies

_ ky(r 4 ge) +ym(0)yw
r+g.+ym(6)

rV.(y) is now expressed in terms of the exogenous parameters and y and
f and can be substituted into the free entry condition (26), along with the
values of y* from equation (16) and y** from equation (19). This is a non-
linear equation in theta, requiring a numerical solution, which I explain in
more detail below, after proving that a unique two cutoff equilibrium to the
model exists.

0k

y. (26)

(27)

rVau(y) (28)
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4.5 The Existence of a Unique Two Cutoff Equilibrium

In the sections above I proposed a two cut off equilibrium to the model laid
out in section 3 and then verified that the proposed two cutoff equilibrium
is indeed an equilibrium of the model. I now show that the proposed equi-
librium is unique in the class of possible two cutoff equilibria. I have shown
above that u(y) and y* are uniquely determined by 6, and that y** is de-
termined by the exogenous parameters of the model. A unique two cutoff
equilibrium exists if there is a unique value of ¢ that solves the free entry con-
dition (26). If I assume decreasing returns to scale in the matching function
m, a standard assumption in the literature (Cahuc and Zylberberg 2004),
then # is strictly decreasing in 6. u(y) has different values for y < y* and
y* <y < y* but, as can be seen from section 4.3, both are strictly decreasing
in 0. Since u is the sum of these two terms for u(y) that are both strictly
decreasing in 0, it is also strictly decreasing in 6'2.

To show that the free entry condition is decreasing in 6 it is only required
to show that rV,(y) is increasing in ¢, where rV,,(y) is defined by equation
(28) for y < y* and by equation (27) for y* < y < y**. In both cases it can
be shown that %Lé(y) is positive and hence that the free entry condition is
decreasing in 6.

To prove that the equilibrium is unique I must show that as § — oo the
right hand side of the free entry condition tends to zero and that it tends
to oo as € — 0. % clearly tends to co as # — 0 and tends to zero as
0 — oo. Thus I only need to show that the definite integral is bounded to
show that the equilibrium is unique. v and u(y) are unemployment rates that
are bounded between 0 and 1 for any value of 6. f(y) is the distribution of
abilities in the population and so does not depend on 6, and neither does v,,,.
Vi.(y) is the value of unemployment. As # — 0 the labour market becomes
very tight and matching with a firm increasingly unlikely. Thus, in the limit,
individuals would not find wage employment. But as the model has been set
up they can still find self-employment, where the arrival rate does not vary
with 6. Thus the value of unemployment is still bounded in this case.

A similar argument holds when # — oo and wage jobs are immediately
available for those who become unemployed, except that some individuals
still take self-employment, even though wage jobs are available instantly,
because their employers would not pay a wage greater than the common level
of productivity. Thus the definite integral is bounded and there is a unique
value of # that solves the free entry condition. In the following section I now
explore the distributions of earnings implied by the equilibrium.

124, also includes a term for u(y) above y** but this does not depend on 6.
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4.6 Equilibrium Earnings distributions in Wage and
Self-Employment

In the model I have outlined wages depend on worker’s outside options,
which are themselves determined by individuals’ self-employment productiv-
ities, whilst the self-employed earn their productivity. I now calculate the
distributions of earnings in equilibrium.

f(y) is the density of abilities in the population. If h(y) is the density
of ability in wage employment and P(FE) is the probability of being in wage
employment, Bayes Law then implies that

h(y) PEYSy) _  nWfly)
P(E) Jo ne() f(y)dy
For simplicity I assume a uniform distribution of ability between 0 and 1. It

is clear from section 4.3 above that the probability of wage employment, n,,
differs for different values of y. This means

(29)

m(0)
o m(0)+qe *
m@+ae Y T Y @) rge e
m(0)
— m(9)+q€+aq‘? y* <y< y**
T y*m(6) sk % m(6)
m@ve T U Y ) mrer e
=0 yr<y<l1

Since h(y) is a different constant for each of the two groups of lower pro-
ductivity individuals calculating the distribution of wages m(w) is relatively
simple. The distribution will also have two constant parts on the domain of
w, but with a much narrower base than the ability distribution. If I let the
height of the first block of the h(y) distribution be a then the probability
mass within this block is ay*. The area of the first block of the distribution of
w will be the same and thus the height of this block will be m Using
similar reasoning, the height of the second block will be % Solving
the model numerically I will be able to calculate the equilibrium wages at
y =0,y =y" and y = y**, obtain the density and then be able to solve for
the average wage paid in the equilibrium. The average wage is calculated as

foy** wm(w)dw.
Calculating the density of earnings in self-employment is also simple.

Again, the density will differ for those with ability y above and below y**
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since the probability of self-employment varies with ability. Denoting the
probability of self-employment as P(S) I can write the distribution of ability
in self-employment, again using Bayes’ rule, as

oly) = PGSy _  nsWfly)
Py finw)fw)dy
From section 4.3 I have the probability of being in self-employment for indi-

viduals with y > y* and I know that P(S) =0 if y < y*. Thus it is possible
to write down the density of ability in self-employment as

(30)

g(y) =0 O<y<y"
Je X
B 4= (m(0) +ac+ 22 <y <y
(v —y) gm@ter=m) + 1= y™)aig

*

8]

— o+ gs yr<y<l1

(™ =¥ gmmter==) + (L= y™)aig

Since earnings in self-employment are simply the value of individual pro-
ductivity in self-employment, the ability distribution is also the earnings
distribution in self-employment.

5 Numerical Solutions to the Model

Solving for 6 in a non-linear equation requires numerical methods and so I use
Broyden’s (1965) quasi-Newton method, implemented in Matlab. A solution
requires assuming values for the exogenous parameters and functional forms
of the model, or estimating the model and parameters using data. As far as
I am aware, there have been no matching models estimated on African data,
and as a result there are no empirical estimates of most of the parameters
for which I require values. Thus I simply follow other papers in using reason-
able parameter values and then explore what the model predicts about the
earnings distributions across wage and self-employment, transitions between
the two sectors, and average wages in each sector.

5.1 Exogenous Parameter Values

The exogenous parameters required in order to solve the model are those
of the interest rate, the job destruction rate in self-employment and wage
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employment, the arrival rate of self-employment opportunities, firm produc-
tivity, the cost to a firm of holding a job open and the bargaining power
parameter. A functional form for the matching function m(#) is also re-
quired. The time unit is assumed to be one year.

I follow some of the assumptions of Albrecht et al. (2009), the only other
two sector developing country microeconomic matching model I am aware of,
in assuming values for the parameters and functional forms, but modify these
for the Tanzanian context in some cases. I assume the matching function
to be of the form m = 2.50:5, the cost of holding a job open ¢ = .3, the
arrival rate of self-employment offers o = 2.5, the job destruction rates in
self-employment and wage employment ¢, = ¢g. = .5, the real interest rate
r = 0.05 and a uniform distribution of self-employment productivity between
0 and 1. I assume that y, = .5 which, given y ~ uniform(0,1), is the
mean and median of this productivity®. I finally assume that k = .3, so
that individuals have unemployment income that is 30 percent of their self-
employment productivity.

5.2 Equilibrium Solution

The equilibrium outcome with the chosen parameter values and functional
forms is shown in the third column of Table 4. In this baseline equilibrium
y* = .35, y** = .57 and # = 0.52. This means that 35 percent of the popula-
tion choose wage employment only, around 22 percent choose either wage or
self-employment and 43 percent choose only self-employment. Total unem-
ployment is 17 percent, with unemployment being 22 percent for individuals
with y < y*, 10 percent for individuals with y* < y < y** and 17 percent
for high productivity individuals with y > y**. Individuals with productivity
Yt < y < y** take both wage and self-employment opportunities so their
unemployment rate is much lower than for those with y < y* or y > y**
who take only wage and self-employment offers respectively. The vacancy
rate is defined by v = ugef, where ug, here is the unemployment rate for all
individuals who actually take wage employment opportunities, meaning that
y > y*™* individuals do not congest the labour market. Thus v = 9 percent.
The average wage paid is .43 and the average earnings in self-employment is
7. T discuss this further in section 5.3 below.

5.2.1 Earnings variation in wage and self-employment

Those who take only wage employment in the equilibrium (0 < y < y*)
have an extremely low variance of earnings since w(0) = .405 whilst w(y*) =

13T discuss the implications of other potential underlying distributions below.
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w(.35) = .425. This narrow distribution is a result of identical firm pro-
ductivity and the small variation in the outside options of those who choose
only wage employment in the equilibrium. For these individuals, their self-
employment productivity does not enter directly into their outside option
in the wage bargain with firms, because they never actually exercise their
self-employment option in the equilibrium of the model. Thus only the dif-
ference in workers” unemployment income, which is assumed to be a function
of self-employment productivity, generates wage differentials amongst these
workers.

There is more wage variation for those who also take self-employment
opportunities (y* < y < y**) since w(y*) = w(.39) = .425 and w(y™) =
w(.57) = .5. This is because these individuals do exercise their self-employment
options, which enter the wage bargain and generate greater variation in in-
dividuals’ outside options.

Having shown how it is possible to generate the distribution of earnings
conditional on wage employment in Section 4.6 above, the corresponding
wage cdf is shown in Figure 2 (labeled baseline), which emphasises the low
variation in wages.

Those taking only self-employment simply earn their self-employment
productivity, which means that there is a much larger amount of variation in
self-employment earnings compared to wages earned working for firms with
identical productivity. The minimum amount earned in self-employment is
y*, whilst the maximum is the highest productivity in the distribution of y,
which are, respectively, .35 and 1 in the baseline model. Thus the maximum
and minimum earnings for the population are respectively higher and lower
than the maximum and minimum earnings in wage employment. The cdf
for self-employment earnings is shown in 2 and is labeled “Self-employment
earnings cdf.”

5.3 Analysis of the Model Solution

The modeling of comparative advantage of individuals in one or other sector
means that most individuals prefer to take opportunities in only one of the
sectors, with only around 10% of individuals moving between the two sectors,
as in the TUPS panel data. The model also generates higher variance in self-
employment earnings than in wages, which is consistent with both the TUPS
and ILFS data. The solution to the model also agrees with the earnings
data from the 2006 ILF'S, in which mean earnings for employees in small
firms are around 40% lower than mean earnings in self-employment without
employees, and the TUPS, where even with controls for observable human
capital employees in small firms earn less than the self-employed without
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employees.

The low variance of wage earnings in the model solution is less realistic.
Allowing unemployment income to vary by self-employment ability buys some
degree of realism at the lower end of the earnings distribution, in that there
is some variation in the bargained wage for individuals taking only wage
employment, which would not be the case if unemployment income was fixed
(there would be a mass point). Figure 2 suggests, however, that the amount
of variation is limited. It is possible to raise the variance by increasing the
level of frictions in both wage and self-employment. This is shown by column
1 of Table 5 and by the “high frictions” cdf in Figure 2. The variance is raised
slightly, but the cost is that the model unemployment rate is much higher
than the measured Tanzanian urban unemployment rate of 17%. Table 5
also shows that lower levels of frictions lower the unemployment rate but
only slightly decrease the variance of wage earnings.

I have shown that earnings in small firms are much lower than in self-
employment in the data, and the model generates a similar outcome. Raising
firm level productivity, which could be thought of as exogenous develop-
ment progress, perhaps coming from increased product market competition
due to declining trade barriers, has the effect of shifting most of total em-
ployment towards wage-employment. It also raises wage earnings towards
self-employment earnings, as shown in Table 4, both of which have been
commonly experienced in the longer term development of economies that
have made the jump from low to higher levels of development.

6 Conclusion

In this paper I have presented some stylised facts from the urban Tanzanian
labour market and built a model that helps to explain these, based on the
work of Albrecht et al. (2009), a model itself inspired by the Roy (1951)
model of earnings and sector choice. I improved this model by completing
the equilibrium analysis and by generating outcomes that more closely match
those observed in the Tanzanian data.

The model I have built moved beyond a focus on average earnings dif-
ferentials between formal and informal sector employment, instead positing
a central role for individual heterogeneity in both the choice of whether to
work in wage or self-employment and in earnings determination in urban
Tanzania. The model makes sense of the differences between earnings de-
termination mechanisms in wage and self-employment- wage bargaining only
occurs if one has an employer, but many workers do not have an employer
in the urban Tanzanian labour market and these workers earn their self-
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employment productivity in the model. By using these categories in a model
embedded in the equilibrium search framework, it was possible to generate
distributions of earnings in wage and self-employment that exhibit character-
istics that are broadly similar to the empirical distributions, including higher
variance in self-employment earnings than wage employment earnings, and
lower average earnings in wage employment than self-employment. The tran-
sitions predicted by the model are also similar to those observed empirically,
in that there is little movement between wage and self-employment.

Labour market analysis in Africa has traditionally focused on earnings
differentials between the formal and informal sectors, following Harris and
Todaro (1970) and Fields (1975). I have shown that this focus does not ac-
curately capture important empirical features of the urban Tanzania labour
market, nor does it make sense of the obvious differences in earnings deter-
mination in wage and self-employment. The strength of the model presented
is its relative simplicity in capturing this distinction between wage and self-
employment within the matching framework and its prediction of some of
the stylised facts from the urban Tanzanian labour market.
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Table 1: URBAN OCCUPATIONAL STATISTICS

Number O propMean Earn
Employment Categories

Self Emp no Employees 770059 0.105 85482
(63502) (0.010) (8136)
Self Emp with Employees 129370 0.262 201781
(14031) (0.030) (26855)
Small Firm Wage Employment 206788 0.150 54807
(19704) (0.019) (4039)
Large Firm Wage Employment 214959 0.342 127834
(22533) (0.033) (16442)
Public Employment 194215 0.633 265889
(24195) (0.035) (49979)
Agric 217093 0.068 —
(37965) (0.013) —

The data are weighted. Standard Errors in Parenthesis. O Prop is the proportion of
individuals in each category with O levels (11 years of schooling under the new system).
The average exchange rate was Tsh 1261 to the US dollar in 2006 (International
Monetary Fund 2010)

Figure 1: EARNINGS DISTRIBUTIONS, ILF'S

Kernel Densities of Log Earnings by occup

3,000 23000 170,000 1,200,000
Earnings in Tsh/mo.
SEnoEmps - ——'- SE Emps
----------- Small Wage  ——--- Large Wage
Public Wage = --------- All

Source: pooled earnings data from Tanzanian ILFS 2006. The kernel density was estimated using Stata.
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Table 2: OLS EARNINGS REGRESSIONS FROM THE TUPS

2004 2005 Pooled
) ) (3)
Total Exp 0.024** 0.014 0.019%*
(0.012) (0.01) (0.009)
exp? /100 -.030 -.015 -.023
(0.021) (0.019) (0.015)
Ln(Hours) 0.025 0.298** 0.132
(0.117) (0.136) (0.093)
Ln(firsiz) 0.18%** 0.168*** 0.18***
(0.033) (0.048) (0.028)
Ln(emps) 0.615*** 0.492*** 0.556***
(0.123) (0.135) (0.097)
Tenure -.006 0.017 0.009
(0.013) (0.012) (0.009)
Tenu? /100 0.011 -.040 -.022
(0.033) (0.037) (0.028)
Male 0,217%** 0,299*** 0,256%**
(0.065) (0.065) (0.051)
Educ 0.0004 -.008 -.002
(0.024) (0.026) (0.02)
Educ?/100 0.634%** 0.496™** 0.557***
(0.183) (0.172) (0.144)
Pub Ent -.085 0.193 0.008
(0.215) (0.236) (0.16)
Civ Ser 0.985*** 0,908*** 0.886***
(0.17) (0.125) (0.111)
Priv Wag -.241* =177 -.216**
(0.124) (0.116) (0.09)
Const. 9.626*** 8,735%** 9.311%**
(0.483) (0.569) (0.394)
Obs. 568 579 1147
R? 0.354 0.35 0.345

Source: Tanzanian UPS 2004-2005. A year dummy for 2004 was included but not reported.

Figure 2: WAGE CDF'S FOR BASELINE AND HIGH FRICTIONS MODEL

Baseline wage cdf
Baseline Self-emp earnings cdf

High Frictions wage cdf

0 P 4 H) 8 1
Earnings

Source: Baseline: Column 3, Table 4. High Frictions: Column 1, Table 5.
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