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Abstract

This paper analyses the incidence of job polarization in developing and emerging coun-
tries, where a substantial fraction of the urban labor force works in the informal sector. 1
build a general equilibrium model with informality and endogenous occupational choice.
Workers in the informal sector do not pay taxes, are less productive, and have the same
ability to perform manual tasks. The analytical solution of the model shows that job po-
larization, driven by a Routine-Biased Technological Change (RBTC), increases the size
of the informal sector. Additionally, I find that the share of informal employment in the
service sector and the wage inequality at the bottom of the skill distribution decrease with

technological progress.
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1 Introduction

The polarization of employment in industrialized countries has been a widely studied phe-
nomenon over the last couple of decades. It documents a simultaneous growth in employment
and wages of high-skill (problem-solving, creativity, situational adaptability, and in-person in-
teractions) occupations and low-skill (personal services) occupations, compared to middle-skill
(production, clerical, and sales) occupations. The main explanation about the drivers of job
polarization is the Routine- Biased Technological Change (RBTC) hypothesis, first introduced
by Autor et al. (2003), which suggests that technological progress tends to substitute for work-
ers who operate routine tasks. Simultaneously, it increases the relative demand for workers
who perform complementary non-routine tasks (abstract and manual tasks). According to Ace-
moglu and Autor (2011) routine tasks are characteristic of many middle-skilled cognitive and

manual jobs (such as bookkeeping, clerical work, repetitive production, and monitoring jobs).
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Considering that the core job tasks of these occupations follow precise and well-understood pro-
cedures, they can be codified in computer software and performed by machines (or they can be
sent electronically outsourced to foreign worksites). As a result, this process of automation and
offshoring of routine tasks raises relative demand for workers who can perform a complemen-
tary non-routine task, i.e. problem-solving, situational adaptability, creativity, and in-person

interactions.

Additional to the routinization hypothesis, some authors have also pointed to offshoring as
a driver of job polarization. Blinder (2009) states that since many tasks can be automated,
they can also be suitable for offshoring to a low-cost producer in a different country, without
a deterioration in quality. As a result, international trade in routine tasks may also have a
polarizing effect on the labor market of countries that engage in offshoring (Reijnders and de
Vries, 2018). Some studies (Goos et al. 2014, Michaels et al. 2014, and Reijnders and de Vries,
2018) use cross-country empirical data to quantify the importance of RBTC and offshoring
in explaining job polarization, find that RBTC drives job polarization in almost all countries,
with offshoring having a much less significant impact. However, recent detailed country studies,
Author et. al, (2015) for the US and Keller and Utar (2016) for Denmark, find that local labor
markets with greater exposure to trade competition experience large declines in manufacturing

employment.

A sizable body of literature dealing with polarization of the labor market (see Autor et al. 2003,
Autor et al. 2006, Autor and Dorn 2013, Goos et al. 2014, Michaels et al. 2014, Feng and
Graetz 2015) focus on analyzing this phenomenon in developed countries, specifically in the
United States and several European countries. However, the phenomenon of job polarization
is not limited to developed countries. According to the World Development Report (2016),
there are signs that employment is also polarizing in several low and middle-income countries.
This study finds that the average decline in the share of routine employment has been 7.8
percentage points for the period 1995-2012. Reijnders and de Vries (2018) also find evidence of
an increase in the share of non-routine jobs in total employment for a group of advanced and
major emerging countries during the period 1999-2007. They find that for all these countries,

technological change was the main force behind employment changes.

One of the main features of labor markets in emerging economies is the existence of a large
informal sector!. Informality refers to activities that are outside the regulatory frameworks,
most workers in this sector are self-employed, and their income comes from operating small
unincorporated enterprises. These include activities such as trading on the streets or in markets;

sales of cooked food from kiosks; the transport of people or goods by pedal-power or motorbikes;

Mnformal employment accounts for more than half of non-agricultural employment in most developing countries:around 72
percent in Africa, 63 percent in Asia and the Pacific, 64 percent in the Arab States, 50 percent in Latin America, and 30 percent
in Europe and Central Asia. In the case of developed countries, only 17 percent of the urban labor force is employed in informal
activities (International Labor Office, 2018).



repairing clothes, shoes, or motor scooters; dwelling construction or adding extensions to them;
scavenge for reusable waste; or providing a range of personal services like hairdressing, shoe
cleaning, street theater, house cleaning, and the like (Blades et al. 2011). In sum, the informal
sector can be described as a labor-intensive sector with poor working conditions and relatively

lower productivity compared with the formal economy.

The informal sector contributes significantly to employment creation, production, and income
generation in developing countries. Nevertheless, a large informal sector has negative conse-
quences for competitiveness and growth and may also be the source of further economic re-
tardation (Loayza 1996, Loayza, Oviedo, and Serven 2004)2. But on the other side, empirical
evidence also shows that as countries become richer, the share of informal employment falls
(see La Porta and Shleifer 2014, Docquier et. al 2017). Elgin and Birinci (2016) use a panel
dataset of 161 advanced and emerging market economies over the period from 1950 to 2010
and find an inverted-U relationship between informal sector size and growth of GDP per capita.
This result implies that small and large sizes of the informal economy are associated with little
growth and medium levels of the size of the informal economy are associated with higher levels
of economic growth. As a result, the relationship between informality and growth is not linear
and it depends on the stage of development and characteristics of each country. Similarly, Wu
and Schneider (2019) use a dataset of 158 countries over the period from 1996 to 2015. They

find a robust U-shaped relationship between the shadow economy size and GDP per capita.

Since the job polarization process involves a significant reallocation and mobility of workers
in the labor market, it is very likely to produce different performances in the presence of a
large informal sector. According to the ILO (2018b) “technology is likely to have both positive
and negative effects on informality. Productivity and economic structure influence the income
distribution and labor outcomes, including informality. Technology can increase informality via
the probable increase in the productivity gaps among economic units, especially when access
to technologies is not equal, or via the spreading of new forms of work, especially those where
informality is higher. But the question is, can it also reduce informality? ” There is not a
consensus and enough evidence about the implications of job polarization on informality. More
studies, empirical and theoretical, would be required to analyze the effect of job polarization on

informal employment and wages.

This paper contributes to this literature by analyzing the incidence of job polarization in devel-
oping countries on informality, using a structural model. T develop a general equilibrium model
with informality and endogenous occupational choice, based on Autor and Dorn (2013). I con-
sider a labor market in which some workers are low-skill while others are high-skill. T assume

that there are three sectors in this economy: the goods sector uses capital and employs workers

20n average, economies with larger informal sectors tend to have lower productivity, slower physical and human capital accu-

mulation, higher poverty and inequality, and smaller fiscal resources (World Bank, 2019)



to perform abstract and routine tasks; the formal service sector employs workers to perform
manual tasks, and; the informal service sector employs workers also to perform manual tasks.

Workers in the informal service sector can avoid taxation, but are less productive.

A key feature of the model is that households can produce services in the informal sector?,
which are substitutes for services produced in the formal sector, and complement for goods.
Additionally, each worker is characterized by a set of skills in performing abstract, routine,
and manual tasks. High-skill workers only perform abstract tasks, and low-skill workers can
perform both routine and manual tasks. I assume that low-skill workers have the same ability to
accomplish manual tasks in the informal sector, while they are heterogeneous in their ability to
perform a routine task or a manual task in the formal sector. This feature implies that workers
moving from the goods sector to the formal service sector can keep some of their abilities, while

the ones moving to the informal sector will have the same ability as all informal workers.

Additionally, the lack of taxation in the informal sector leads to an inefficient reallocation of
employment between the formal and informal service sectors. At the same time, it allows the

fiscal policy to have an asymmetric effect on the reallocation of labor between these two sectors.

The analytical solution (asymptotic solution) of the model shows that when the elasticity of
substitution between capital and routine labor is higher than the elasticity of substitution be-
tween goods and services, the constant decrease in prices of automating routine tasks eventually
causes low-skill labor flows from routine tasks to manual tasks. In this case, Routine-biased
technological change (RBTC), affecting mainly the production of goods, can increase aggregate
demand for services and eventually increase employment and wages in service occupations. Ad-
ditionally, when goods and services are complements, wages also polarize. These conditions for
job and wage polarization are the same found by Autor and Dorn (2013), in the case without

informality.

I find that employment and wages in both the formal and the informal service sectors increase
due to the increased demand for services. The allocation of labor in the service sector depends
on the level of labor income taxes, the degree of substitution between the two types of services,
and the level of efficiency in the formal service sector. I find that the relative units of efficient
labor in the informal sector (as well as the share of informal employment in the service sector)
decrease with technological progress. This result is driven by the assumption that workers,
previously working in routine tasks, still can use some of their skills when they move to the
formal service sector, while all workers in the informal sector have the same ability to accomplish
manual tasks. Therefore, the increasing demand for labor in the informal service sector requires
a higher increase in wages to compensate for the loss of skills from working in this sector. As

a consequence, relative wages in the informal sector increase, as well as their relative prices. It

Since informal sector is labor-intensive, I assume that informal workers are employed in manual task occupations



follows that the increase in relative prices of informal services decreases their relative demand

and therefore the relative demand for workers in the service sector.

The remainder of the paper is organized as follows. Section 2 presents the model. Section
3 derives the analytical solution of the model for the labor allocation. Section 4 derives the
analytical solution of the model for the relative wages. Section 5 presents the results of the

model simulations, and Section 6 concludes.

2 Model

In this section, I develop a general equilibrium model with three sectors and endogenous occu-
pational choice based on Autor and Dorn (2013). The goods sector employs high-skilled workers
in abstract jobs L,, low-skill workers in routine tasks L,, and Capital K. The service sector
is composed of two sectors: formal and informal, which use only unskilled labor in manual
tasks, Lsy and L respectively. I assume that high-skilled workers have homogeneous skills at
performing abstract tasks, while their skills are heterogeneous in performing routine tasks and
manual tasks in the formal sector. As in Autor and Dorn (2013), Routine-biased technological

change is modeled as an exogenous fall in the price of capital P.

2.1 The goods sector

The goods sector is perfectly competitive and uses abstract tasks L,, routine tasks L,, and
capital K to produce Y units of goods. As in Autor and Dorn (2013), I assume the good sector

uses the following technology:

NI

Yy = Ay (L)' X7 = Ay (L) [((1 = ) L) + ()] (1)

with uy the capital input share, and g € (0,1) and v € (0,1) . From equation (1), the elasticity of
substitution between abstract labor and the total routine task is equal to 1, while the elasticity
1

of substitution between routine labor and computer capital is — > 1. As a result, K is a

relative complement to abstract labor and a relative substitute for routine labor.

Firms in the goods sector solve the following maximization problem:

Maz I = P,A,LLPXP — PLK —w,L, — w,L,. (2)

The first-order conditions for problem (2) with respect to abstract labor L,, routine labor L,,

and capital K respectively are given by
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KRF (y) Wy, (4>
Y, [ K\"
—= | — P

where kp = Suy and ki = Buy. I have normalized P, = 1.

2.2 The service sector

The service sector uses manual tasks to produce services in a competitive environment. There
are two types of firms in this sector: formal and informal. Workers and firms in the formal service
sector have to pay labor income taxes, but due to the better employment conditions workers

are more productive. Workers in the informal sector can avoid taxes but are less productive.

2.2.1 Formal service sector

The formal service sector uses only manual labor as input. The production function writes:

Ysr = AsyLsy,

where Ly is the total efficient units of manual labor employed in the formal service sector, and

Asy is the common labor productivity in this sector.

Firms solve the following maximization problem:

Mazx g = PyyYsy — wsyLgy,

In equilibrium, wage per efficiency unit of labor in the formal service sector is equal to their

marginal productivity:

wsyp = PypAsy. (6)

Since workers in the formal service sector differs in their skill to perform manual task activities,

the wage of a worker with n? efficiency units of manual labor is nfws;.



2.2.2 Informal service sector

The informal sector is labor-intensive, and uses only manual labor as input. The total amount

of informal services produced in the economy is:

Y:Si = AsiLsi7

where Lg; is the total units of low-skill labor employed in the informal service sector, and Aj;
is the labor productivity in this sector. With Ay < A, I assume that each worker is equally

talented in providing low-skilled informal services.
The profit maximization problem writes:
Mazx 11y = PsYsi — ws; L.

The first-order condition with respect to Lg; implies:

Wgi = PsiAsi' (7>

Note that since everyone has the same skill in this sector, everyone working in the low-skilled

informal service sector earns the same wage.

2.3 Capital

Capital is produced and supplied in a competitive framework. As in Autor and Dorn (2013),

The production technology of capital is described by

Ot

K:Yk@, (8)

where Y}, is the amount of final goods used to produce capital, §; > 0, and © = €% is an
efficiency term. Capital fully depreciates at each period. ¢ represents the growth rate of

capital productivity, and ¢ represents the period of time.

The price of capital is equal to its marginal cost.

= Y
P, = 7

Note that as time passes, the price of capital falls to zero asymptotically.



2.4 Occupational choice

I assume that every member of the household works full-time in one of the three market sectors.
Low-skill workers are heterogeneous in their endowment of efficiency units of labor n, which is
drawn from a time-invariant distribution f(n). The endowment 1 determines the productivity
of each individual in each sector. I assume that n denotes the worker’s efficiency units of labor
in routine tasks, while n? denotes the worker’s efficiency units of labor in manual tasks in
the formal service sector. Workers in the informal service sector have homogeneous skills in
performing manual tasks, each worker in this sector supply a unit mass of manual labor. This
assumption implies that a worker with endowment n has individual productivity, measured in
efficiency units, of  performing routine tasks, 7’ performing manual tasks in the formal service
sector, with € € (0,1), and 1 performing manual tasks in the informal service sector. Note that
workers with an endowment 7 > 1 are more efficient in the formal service sector than in the
informal service sector. This assumption is motivated by the fact that most of the workers in
the formal sector work in larger companies with better working conditions, and in most cases,
they have access to training programs. While workers in the informal sector are self-employed.
Therefore, it is realistic to assume that some workers are more skilled performing manual task

activities in the formal sector than in the informal sector.

I assume that workers in the formal service sector (goods and formal services) have to pay labor

income taxes, while workers in the informal sector can avoid taxation.

Since any low-skill worker can work in any of the three sectors, it is optimal for each worker to
choose the type of work and the sector that provides her with the highest wage. Therefore, it is
optimal for an individual ¢ endowed with 7, efficiency units of labor to work in the goods sector

only if:

n:(1 — 7w, > max [77?(1 — T)wsf,wsi} )

= (1) (10)

Workers whose efficiency level is lower than n* have to decide whether to work in the formal

service sector or the informal service sector. Then, it is optimal for an individual to work in the

formal service sector only if:

77?(1 — T)wsf Z Wgj -



() (1)

Figure 1 shows this endogenous occupational choice. Low-skill workers whose efficiency units
of labor are higher than n* sort themselves into the goods to perform routine tasks, and those

with efficiency units of labor lower than n** sort themselves into the informal service sector.

Figure 1. Optimal Labor Choice

T
A A= Twy
—= - W

n== n= n

I assume that 7 is distributed Uniform on the interval [0, n™**], with density and distribution
functions F'(n) and f(n) defined as follows:

e UL/ IS
Fln) = { - (12)
1
O < < max
f(’]”) — T]nw,:c — T] — T]
0 n<0ormn>nm*

The endogenous occupational choice of low-skill workers determines the effective labor supply
in each sector. The aggregate efficiency units supplied to the routine tasks, manual tasks in the

formal and informal service sector can be written, respectively, as follows:



n maz %\ 2
n /r]m(l"lf 2 277?’7’1&.’13

(n*)BJrl (n**)0+1 ] | (14>

(6 + 1)pmas (0 +1)gma

2.5 Households

I assume a representative household, whose members derive utility from the consumption of
goods and formal and informal services. The household collects the wages of all its members

and allocate total income to maximize the following utility function:

U = n ([1C4 +7:C1] ) , (16)

with

&=

Cy = (asCly + aiC) "

subject to the budget constraint.

Cy + PyyCyp + PyiCyi = (1 — 7) (wo L* + w0, L™ + wey L) + wy L + T (17)

The elasticity of substitution between C, and Cj is equal to o, = ﬁ. The elasticity of sub-

stitution between Cy; and Cy; is equal to o5 = ﬁ [ assume that goods and services are

complements, o, < 1, while formal and informal services are substitutes, o, > 1.

The First order conditions of this maximization problem are as follows:

Cy ( 1-y_ g P8f>ac
Yo _ (erov Do Lar) 18
Cs sf ¢af75 Pg ( )
Csz’ Q; Ps %
== . 19
Csr (af Psi) (19)

The left-hand side of the equation (18) represents the relative supply, while the right-hand side
is the relative demand for goods compared to services. In the same way, equation (19) equals

the relative supply of informal services, compared to formal services, with its relative demand.
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2.6 Government

Government always runs a balanced budget. Therefore, in each period, government budget
constraint is as follows:
T =7 (weLq +w,Ly + wspLgys) . (20)

2.7 Clearing conditions

C, =Y~ PK (21)
Cop = Yis (22)

3 Asymptotic Labor Allocation

In this section, I determine the log run allocation (asymptotic equilibrium) of low-skill workers
in the goods, formal and informal service sectors. Given that the price of computer capital Py (t)

converges to zero asymptotically, computer capital converges to infinity:

lim K(t) = oo. (24)
t—o00
Since the maximum value of L, is w, the production of X will be asymptotically determined

by the capital level (X ~ o K). It implies that:

li =1 2

fim = b (25)
and

Yy~ (). (26)

Replacing equation (26) into equation (21), and using equations (24) and (25), I show in Ap-
pendix C1, that the solution for the asymptotic supply of low-skilled labor in the goods and

formal and informal service sector is as follows*:

4 [ i i 3 max)0+1 maz  Lsi 1TE;¢ max T o+1 .
Here Lg; is the solution to the equation (n ) = (0+1)n (Cfi) n ('r] Lsi) _ with Oy =
1
¥ 6+1—9 I . . L) =Y (Co(Las)) P~ (L, )* 1

(251) P T e . And Lg; is the solution to the equation 99(Lsi) "7 (Cs( e'/» (Lay) = Uy,

sf ay(mmaz)f(1-7) <(9+1) maz(L“')LJ{f;f"’+( mazJ, )9+1>

n C’All n si
vgrpAgul P~ DTE=Y)

where W =

A=A~ Pyasys AL,
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0 if £>5
L, — Ere( ’7";) if LB (27)
e if <8
where L, = gg(Ls;).
f/s’i Zf o—ic > %7
Lsz = Esz S (07 jls%) Zf ULC = BEV s (28)
0 if X<
ﬁsf Zf o0 > BEV
Lsf - I/sf € (07 LSf) =V Zf 16 = [)’gy ’ (29)
0 if X<

. 14+6—1 B 1+6—v P 9+11—w
Y o @ 1—1) = o @ 11— o Asi a;
where Ly, = (011) and L,y = (011) . Cn = ((Asf) af,(nmam)e(17)>

Equations (28), (29), and (27) show that, as in Autor and Dorn (2013), the allocation of low-
skill labor between manual tasks and routine tasks depends on the relative magnitudes of the
consumption and production elasticities, scaled by the share of the routine aggregate in goods
production (3). When Uic > % (the production elasticity, scaled by /3, exceeds the consumption
elasticity) the demand for routine labor decreases with technological progress, and the relative
demand for low-gkill labor in both the formal and the informal service sector increases. Hence,
the constant decrease in prices of automating routine tasks eventually causes all low-skill labor
to flow from routine tasks to manual tasks. As a result, employment in the formal and informal

service sectors increases.

The allocation of labor between the formal and the informal service sector is determined by

the equation L., = ( éu)lﬁ;wﬂ It depends on the differences in productivity (A and Asy), the
level of labor income taxes paid by formal workers 7, consumer preferences (¢, ay, and a;), and
efficiency of labor in the formal sector (77’”‘””)9. The higher the aggregate labor productivity
and efficiency in the formal service sector, and the lower the labor income taxes, the higher the

relative allocation of labor in the formal service sector.

Replacing equations (24) and (25) into equation (19), I have that the evolution of the ratio
between the efficient units of labor in the informal and the formal sector depends exclusively

on the evolution of the wage ratio between the two sectors.
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Ly Ag \ ¢ (a; ws 7e

o) ) @
sf sf af Ws;

Additionally, from equation (11 ) the wage ratio ;”—f can be expressed as follows:

Wss

= (™)’ (1= 7). (31)

U)Sf

The wage ratio between the formal and the informal service sector depends on the level of labor
income tax paid by formal workers and the efficiency level of the marginal worker, (77**)9. The
assumption that workers in the formal service sector are heterogeneous in their skill to perform
manual tasks implies that this ratio is not constant and varies with the efficiency units of labor
in the formal service sector. The higher the value of #, the higher the worker’s skills in the
formal service sector (for those workers whose skill level is 7 > 1) compared with their skills
in the informal service sector, and therefore the higher the relative informal wage. Note that
for the case when all workers have the same ability to perform manual tasks activities in both
service sectors (when # = 0 ), the wage ratio in the service sector ;”—sf and hence the employment
Lsi

ratio oy are constant and independent from technological progress.

Low-skill workers leaving the goods sector and entering the formal service sector are the ones
that have relatively high efficiency, and those leaving the formal service sector are the ones that
have relatively low efficiency. As a consequence, the average efficiency in the formal service

sector increases.

4 Asymptotic wage inequality.

In this section, I study the evolution of wage inequality, measured by the evolution of manual to
abstract, and manual to routine wage ratios, as well as the evolution of formal to informal wage

ratios in the service sector. Using equations (4) and (18), and replacing the optimal conditions

W g

for wages in the service sector, (6) and (7), I show in Appendix C2 that the wage ratio _** can
be written as follows:
Wsf max mazx 7 \0+1 -1
L = ((0+ 1) 0™ CCr Ly + (L))
Given the asymptotic labor allocation when K — oo
(o)™ if >
Wy - - -1 _ . _y
qu = ((9 +1)nme*CC Lyy + (Umasti)0+1> € (07 (mee)! 9) if =5 (32)
0 if L<B
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On the other side, the wage ratio “= can be written as follows (see Appendix C2 for the complete

derivation):

1

Wes L.: ¥-1 0 -
S — ( 81 ) \1]1 ((9 + 1) n'maa;LSf + (nmasti) +1) .
Wy Lsf

Similarly, given the asymptotic labor allocation when K — oo I obtain:

. FNC S A N |
((9+ 1) ,r]m(m?LSf T (nmaTLsz) ) (és;) \Ill Zf ULC > ﬁgl/
Ws; s
= 7 S oNoF\ T p YT , . 33
we (@) a Ly e L)) () e i L= 2 (33)
0 if  + <5

Equations (32) and (33) imply that the relative wage paid to manual tasks versus routine tasks
increases with technological progress, for the case when the production elasticity (scaled by
B) excess the consumption elasticity. Since Task-biased technological progress affects mainly
the production of goods, and goods and services are complements, the aggregate demand for
services also increases, consequently increasing the unit wage in service occupations relative to

the unit wage of routine labor in the goods sector.

Additionally, from equations (31) and (15), the unit wage of manual labor in the informal service
sector relative to the unit wage of manual labor in the formal service sector can be expressed

as follows:

Wy

= (L)’ (1 - 7). (34)

wsf

The evolution of the wage ratio z;’—f is thus determined by the evolution of the employment
share in the informal service sector Ly;. Scaled by the level of taxes (7) and the efficiency levels
in the formal service sector (6). From equations (34) and (28), the asymptotic wage ratio :;’—9;

is determined as follows

L N\0
(nm“sti) (1-7) if Ui > BE”
Wei mazx T 0 ) -V
W o (77 Lsi) (1-7) if g% = ﬁg (35)
0 if <

Given that Ly; > Lg;, equation (35) implies that the wage ratio between informal and formal oc-
B-v

7
When the production elasticity (scaled by /) is bigger than the consumption elasticity, tech-

cupations in the service sector increases with technological progress, for the case when Ui >
c

nological progress raises the relative demand for low-skill labor in the formal and the informal

14



service sectors, which requires a rise in wages in both sectors. Note that a worker endowed with
n; efficiency units of labor has individual labor productivity of n’ when he works in the formal
service sector, while the individual labor productivity of the same worker in the informal service
sector is equal to 1. Since a worker with n > 1, is more efficient when he works in the formal
service sector, the increase in wages in the informal service sector has to be higher than the
one in the formal service sector in order to compensate for this loss of skills. The higher the

worker’s skill in the formal service sector (#), the higher the increase in the wage ratio ;"—f

From equation (30), it is now possible to analyze the evolution of the employment composition
in the service sector. This equation shows that when formal and informal services are substitutes
(when ﬁ > 1), the efficiency units of labor employed in the informal sector relative to those
employed in the formal service sector f—s; decrease with the relative wage in the informal sector.
The increase in -+ increases the relative price of informal services, thus lowering the relative

sf

demand for these services and therefore the relative demand for informal labor.

Finally, I determine the evolution of the wage ratio between wages in the service sector and

wages in the abstract task. As Autor and Dorn (2013), wage polarization will occurs when ww—f
and % rises, and = and > are either stable or declining.
T sf Wsi
In Appendix C2, I show that the wage ratios -~ and -** can be written as follows:
sf Ws1
Wa _ Bles) gl-rp v
W KafK CS Lsf s
La = HaiKB(ngl)CgiplLi;w,
Wsj

. ZB) ()P _ A ¥
with k. = Sl k)m:;S;pAﬂw)f(uk) ) , and ke = Koy (2“) )

As capital converge to infinity, the evolution of :;”—‘} is determined by the elasticity of substitution

between goods and services, o.. Specifically,

o0 if 0. > 1,
;UC; ={ kapClPLlY if  oe=1 with X >8x (36)
0 if 0. <1
0 if 0. > 1,
R e if  o.=1 witht>5r (37)
o 0 if oo < 1

Equations (36) and (37) show that when goods and services are gross complements o, < 1, the
ratio between abstract tasks wages and manual tasks wages converge to zero. As a result, the

model implies overall wage and job polarization due to a task-biased technological change.
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5 Model simulations

In this section, I analyze the evolution of employment shares and sectoral wages as the price
of capital converges to zero. I simulate the evolution of employment and wages under different
values of the elasticity of substitution between formal and informal services o,. As equation
(30) shows, the elasticity of the relative employment in the informal sector to the relative
informal wages depends on o;. I also consider a different fiscal policy where labor income taxes
are variable. The purpose of this exercise is to analyze how the job polarization process in
developing and emerging countries, would affect the informal sector depending on preferences,

and tax policies within each country.

All parameters are time-invariant, and the only exogenous change over time is the price of cap-

ital. I simulate the model for the case when the the production elasticity (scaled by ) excess

the consumption elasticity (it means when Uic > %) Under this scenario, independent from

the values o., 3, and v, technological progress always leads to job polarization. I choose stan-
dard values of the parameters commonly used in the literature. For the parameters describing

preferences, I set the elasticity of substitution between goods and services at o. = 0.4, and

L
0.7

imply goods and services are complements, and formal and informal services are substitutes.

the elasticity of substitution between formal and informal services at o, = These values
The share of routine aggregate in goods production is set at § = 0.67, as in Bock (2018). I
normalize the aggregate labor productivity in the informal service to 1 and set aggregate labor
productivity in the informal service sector equal to 0.71. It implies that the labor productivity
in the formal sector is 39% higher than in the informal sector. This value is consistent with
La Porta and Shleifer (2008) who find that the value-added per employee for registered firms is
39% higher than for their unregistered counterparts. I assumed similar weighs of routine labor
and capital in the production of goods, and of goods and services in the utility function, this is
pr = 0.5, vy = 7 = 0.5 and ay = a; = 0.5. The labor income tax is set at 7 = 0.205. This value
is calibrated to obtain a level of tax revenue of 15% of GDP. According to Besley and Persson
(2014), low-income countries typically collect taxes of between 10 and 20 percent of GDP, while
the average for high-income countries is more like 40 percent. Finally I set arbitrary values for
Ok, N and €. Changes in these parameters do not affect the main result of the model. Table

1 summarizes the parameter values of the model.
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Table 1. Parameter values: benchmark calibration

Name Symbol Value
Share of routine aggregate in goods production 8 0.67
Elasticity of substitution between consumption and services O¢ 0.4
Elasticity of substitution between formal and informal services Os 1/0.7
Inverse of the elasticity of substitution between routine labor and capital v 0.5
Parameter associated to the skill level of formal workers in the service sector 6 0.7
Maximum skill level nmer 2
Labor income tax T 0.205
Parameter reflecting technological progress O 0.01
Relative weigh of goods ans services in the utility function Yg = Vs 0.5
Relative weigh of formal and informal services in the utility function ay = a; 0.5
Relative weigh of capital in the production function of goods L 0.5
Aggregate labor productivity in the formal service sector Agy 1
Aggregate labor productivity in the informal service sector Ag; 0.71

Note that L; represents the total amount of efficiency unit of labor employed in sector j, and w;
represents the wage per efficiency unit of labor in that sector, j € (r, si, sf). For the simulation,

I also analyze the evolution of the employment shares and the average wages in each sector.

The low-skill employment share V; is the mass of individuals who supply their labor in sector

j, which are defined as follows:

N, = /77 f(mdn = [1 - ngw] , (38)

" =", (39)

n** ok
n
Ny = / fn)dn = -2 (40)
0 n

Additionally, the average wage in sector j is defined as the total labor income in sector 7, divided

by the mass of people working in this sector:

I,
w; = %, for g€ (r sf,si).

J
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and in terms of the wage ratio between different sectors:

w;  w; L; L .

wfzziﬁi N for 7§ #1.
Figure 2 shows the evolution of low-skill employment in the goods and the service sectors, under
the benchmark calibration, when the price of capital converges to zero. In the goods sector,
routine labor is substituted with capital, which decreases employment and the efficiency units
of routine labor (N, and L,) in this sector. At the same time, the increase in the aggregate
demand for services increases both raw employment (N, and N;) and the efficiency units of
labor in the formal and informal sectors (Ly and Ls;) . Consequently, the constant decrease
in prices of automating routine tasks eventually causes all low-skill labor to flow from routine
tasks to manual tasks. Moreover, it is worth noticing from Figure 2 that under this scenario, job
polarization leads to a decrease in the ratio between the efficient units of labor in the informal
and the formal sector Lg;/Ls;. This decrease is due to the increase of relative informal unit
wages in the service sector (see equation (30) and Figure 3). Additionally, by comparing the
evolution of L,;/Ls; versus the relative employment share of the informal sector Ny /Ny, it is
possible to notice that the decrease on L,;/Ls; is higher than the decrease on Ny;/N,¢, which

implies that the formal service sector becomes more efficient.
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Figure 2. Evolution of employment
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Figure 3 shows the evolution of relative prices and wages as the price of capital decreases. It
shows that the ratio between informal and formal wages in the service sector (w;/wss) increases.
As was stated previously in section 4, technological progress raises the relative demand for low-
skill labor in both service sectors, which requires a rise in wages in each sector. Workers with
ability n > 1 are more skilled when they work in the formal sector. Therefore, the increase in
wages in the informal service sector has to be higher than the increase in the formal service
sector to compensate for this loss of skills. As a result, the increase in the relative informal wage
increases the relative price of informal services and, as a consequence, it reduces their relative

demand.

In terms of average wages, it is worth noticing that the relative average wage in the informal
service sector versus the average wage in the formal sector, w,;/w,¢, is almost constant when
the price of capital decreases. It implies that, on average, the wage differences between formal
and informal workers remain constant with technological progress. Notice also that the wage

ratio between manual tasks in the service sector and routine tasks increases, while the wage
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ratio between abstract tasks and manual tasks increases initially and then converges to zero.

This result shows that when o, < 1, wages polarize in the long run(see equation (36)).

Figure 3 Evolution of relative wages and prices in the service sector
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In order to better understand the effect of technological progress and tax policy on the composi-
tion of employment between sectors, I analyze the evolution of the share of low skill employment
in the goods and the service sector when the price of capital decreases (] FPy) and labor income
taxes in the formal sector increases (1 7). Figure 4 shows that a decrease in the price of capital
decreases the share of routine labor (/N,) in the goods sector, almost independent from the level
of taxes. The decrease in taxes however affects the distribution of workers in the service sector.
For a given level of taxes, the decrease in the price of capital increases employment in both the
formal and the informal service sectors, Ng; and Ny respectively. An increase in the level of
taxes increases the share of employment in the informal service sector and decreases the share
of employment in the formal service sector. These results suggest that technological progress
combined with an important decrease in taxes could lead to a decrease in the size of the informal

sector.
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Figure 4. Effect of a decrease on the price of capital and an increase

on labor income taxes on employment
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Figure 5 shows the evolution of relative employment, prices, and wages in the service sector
when the price of capital decreases and the degree of substitution between formal and informal
services is higher. When oy is higher (increases from 1.43 to 2), the elasticity of the relative
informal employment with respect to relative informal wages increases. Therefore, the decrease
in the relative demand of informal labor in the service sector is higher, since consumer’s demand

for formal services is higher.
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Figure 5. Evolution of employment, prices and wages in

the service sector for different values of o,

Employment ratio N/ Ny Efective employment ratio L/ Ly
14
16— -
Ty — -
15 =143 "~ _ 12
_—— =2 - e
14 1
0 50 100 150 200 0 a0 100 150 200
t t
Average Wage ratio w,;/w,
0.85 0.61 i !
0.8 0.605 T~
e S,
- Ty,
0.75 0.6 ~
. -
0.7 0.595
0 50 100 150 200 0 a0 100 150 200
t t

Price ratio p./p.
12 !

0 50 100 150 200

6 Conclusions

This paper analyzes how the incidence of job polarization affects the distribution of employment
and wages in the presence of a large informal sector. I develop a general equilibrium model with
informality and endogenous occupational choice, based on Autor and Dorn (2013). T assume
that there are three sectors in this economy: the goods sector, the formal service sector, and
the informal service sector. Workers in the informal service sector are at the bottom of the skill

distribution, are less productive, and can avoid taxation.

The analytical solution of the model implies that when the elasticity of substitution between
capital and routine labor is higher than the elasticity of substitution between goods and services,
the constant decrease in the price of capital eventually causes low-skill labor flows from routine
tasks to manual tasks. This condition for job polarization is the same found by Autor and

Dorn (2013). In this case, Task-biased technological progress can increase aggregate demand
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for services and eventually increase employment and wages in service occupations. Additionally,

when goods and services are complements, wages also polarize.

Additionally, I find that the efficient units of labor, as well as the number of workers, hired in
the informal sector increase as a result of the increasing demand for informal services. However,
the optimal composition of employment in the service sector depends on the level of taxes in
the formal service sector 7, the degree of substitution between the two types of services o, and
the level of efficiency in the formal service sector n’. 1 find that share of informal employment
in the service sector decreases with technological progress. This result is explained by the fact
that some workers, whose skill level is 7 > 1, are more skilled when they work in the formal
sector. Therefore, the increase in the demand for labor in the informal service sector requires
a higher increase in wages to compensate for this loss of skills. As a consequence, the increase
in relative wages in the informal sector increases their relative prices, which in turn decreases

their relative demand and hence the relative demand for workers in the informal service sector.

I simulate the model for different values of the elasticity of substitution between formal and
informal services and also for the case when labor income taxes are variable. I find that,
when the elasticity of substitution between formal and informal goods increases, the effect of
technological progress on the reduction of the share of informal employment in the service sector
is higher. This is because consumers are more likely to substitute informal services when their
relative price increases. I also analyze the evolution of employment in the goods and the service
sector for different values of the price of capital and labor income taxes. I find that technological
progress (decrease in the price of capital) combined with a significant decrease in taxes could

lead to a reduction in the size of the informal sector.

The previous results are mainly driven by the assumption of flexible labor markets in all sectors
and by the fact that some workers are more skilled when they work in the formal sector. One
interesting extension of the model will be the introduction of wage and employment rigidities
in the formal sector, while the informal sector is frictionless. Under this scenario, the positive
effect of job polarization outlined in this paper can be diminished or even reversed. When
task-biased technological progress leads to an increase in labor demand in the service sector,
the presence of real wage rigidities and search and matching frictions in the formal sector, could
lead to a higher increase in employment in the informal service sector. Since wages in the
formal sector could not increase that much, and also there are some restrictions to enter into
the formal sector.Another interesting extension would be to consider the fact that workers can
receive education and acquire specific skills. Under this scenario, technological progress could
lead to a decrease in the share of informal employment in the whole economy. Because more
educated workers would either work in the goods sector performing abstract tasks or stay in
the formal service sector where workers are remunerated according to their skills, the size of the

informal sector will decrease.
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Appendix Al: Asymptotic labor allocation
From the optimization conditions for the households I have

max U = Ln(C)
{Cgchfvcsi}

U=Ln(C),

with

o=

C, = (afcjf + aiC;’,i-) v

chq + Pstsf + P, Cy; = (1 - 7') (waLa +w, L" + ’LUSfLSf) + wgiLg;i +T

The Lagrangian of this problem writes:

L=In [ng’gp + s (aC’ff + (a;) C’i) w]

+A ((1 - T) (waLa + w,L, + waLsf) + wsiLSi + T — PgCg — PstSf — PSZCSZ-)

F.O.C
(Cy} [T Gt = Py
(Cop} [0 Cl  agCYlt = APy
(Ot [P 0P (@) CYY = AP,

By dividing equations ( 43) and (44), and equations (45) and (44)I obtain:

G _ cl-v_ g P\
Cs sf Yasgys Py

Coi _ (@ Py\™
Csy \ay Py
Replacing Cy; = Ay Lg and Csyp = Ay¢Lgy into equation (47) I obtain
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N -
S1 - a; Wg -
L=t (32) " (55

from equation (11) I have Z—éf = m Replacing this expression into the previous equation:

¥ 1

A\ 77 [ (@) 1 o
Lo = Loy (A > A ——
sf ar ()" (1—r)

Using equation (15) I can express n** = 0™ Lg; then

o _1
Asi -9 (ai) 1 v
LSi - Lsf (A > mazxr 0
sf ap (nmerLg)” (1—17)

1—9
Ly = Lse;l*w Cn
L\ 7w . I
where O = (42) ™ (5t
On the other side, replacing equations (4), (21), and (26) into equation (46) I have:

CQ
Cs

(C1zp vg Ps )gc
sf d)af’)/s Pg

Y9 pK)7 D o e, ot
'Vg( k )C P = VsUs ¢af sf
g

(1-8) B—vrr—1
1 HRA La X LT Wg 1 1
Vg (Y9 — PK)" T P qTf = %5 (Cs(Ls)) "™V pay (AspLog)”

From (10) I have that ww—f = (77*)179. replacing this equation into the previous equation I obtain:

(1-8) B—vrr—1
1 K;RA La X LT w\1—0 _1 1
Vg (Yg - PkK)p 5 A ; (77 ) ="7s (Cs(Lsz))(p )waf (Astsf)w

1—4
with ¥, — P = (1 8) (ueK)” and 2% =1, Ly = LT 7 Cny

p=1 kg A LY (e K)PV Lt _ _
vy (1= 9) Guicy?) " 2ERete ) (1) = 3 (CulL)® ) oy (Aug Lag)*

1—v
(WL)G (Co(Lwr)) (49)

(p=1) wafl = K- B 0=p)+B-v)y,
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With U, — NorrAguleDHE=)
L= T a=s) rgarr AT,
s sf

Now I want to express equation (49) in terms of Lg; only.

Combining equations (39) , (40) and (48) I obtain:

I 1+e;
* _ 0 + 1) nmaez Lisi
U (( )0 (Cn)

Replacing (50) into (13) I am able to express L,as a function of L;:

74T
+ (nmaacLsi)GJrl)

[ Lou A\ 7]
((9 + 1) ymes ((Lﬁ) =y (nmusti)G-i-l)
(nmam)
LT = - - Ls‘i
2 2nma1 gg( - )

Therefore, equation (49) can be written as follows:

14—y Y1
iy (p—1) Lg: 1=
oLy~ (€ ((82) )

T—
1+6—2 1

=9 o+1)
(04 s () 77 o))

— K—B-p+E-0)g,

B

Wlth Oc = iy,

1+0—yp Y1
1-v (p—1) Ly Ee
99(Lsi)' ™" (Cs(Ls;)) (Cu ) ®)
=Ko TPy

S o+1)

Appendix A2: Asymptotic wage inequality
From equations (43) and (44) I find

17

177 () O el = [P O Py

-1
() 2 au =y (1= ) (ue)) "

YCe apCly Ay

10 (0= 5) (ek)”)"

Wsf =

From the optimization problem for the firm in the goods and service sector, I have
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wy = kg (eK)? ™ g(Leg)” ! (54)

Y,
wa = Py (1-6) 12 = (1= §) (uK)’ (55)
wsp = PoyAsy
Wy = Py Agg

from equations (53) and (54) I obtain:

_ -1 1—v
wey _ Co7 (Lop)" ™ (9(Lsy)
Wy Foaf (K)*ﬂ(lfp)%@*v

wer _ C27 (Lep)" " (g(Lop)' ™"
Wy Kaf (K)*ﬁ(1*P)+/B*V

apflnR(Mk)(B)(pfl)Jrﬁ*V

with Ksf =
(Aap)? 1 (vaze)”

1—1

Replacing the expression Ly = L Ciy

146—v

¥-1
p—1 Lsi | 'Y A d
o () 7T) )

wir o Ko f (K)—ﬁ(l—P)-Fﬁ—V

Replacing equation (52) I have

1-0
_146—9 B CE=Y
((9 + 1) telen (Lsi) = 4 (nmamLsi)e"'l) (Kt)(ﬂ)(f)—l)'i‘ﬁ—u U,
wer Kog K- B) A=) F(—0)
et U
Wr max T Hii_dj max T
= (0 e (L) 4 reng) ™) T 2
Ws f Ksf

Similarly, the wage ratio between informal manual tasks and routine tasks 2=t can be determined

as follows:

By dividing equation (43) into (45) I obtain:

VG5! _ by
wWCE () ClT P

Replacing w,; = Py;Aq, and Cy, = Y9 — PK = « (ukK)B I have
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(0D,
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wa = O P AL (- 5) () (57)
g

Dividing equation (57) into (54), I obtain

—1,,7sB8 A% 791
Wgj Cg 1/1 g AgL

si77 st

U (@B mE)”) T R ()P g(Lag)
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with x,; = 2eAn@ 5) () )
Yok r (1K)

Replacing equation (52) I have
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or

Ws;
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Wy Lsi

Finally, by dividing equation (55) into (53), and equation (55) into (57) I obtain the wage ratios

Lo and = respectively:
Wsf Wsi
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