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Abstract

In this paper we analyse the effects of informal labour markets on the dynamics of inflation
and ont he transmission of aggregate demand ands upply shocks. In doing so, we
incorporate the informal sector in a m odified New Keynesian model with labour market
frictions as in the Diamond-Mortensen-Pissarides model. Our main results show that the
informal economy generates a "buffer" effect that diminishes the pressure of demand shocks
on inflation. This finding is consistent with the empirical literature on the effects of informal
labour markets in business cycle fluctuations. This result implies that, in economies with
large informal labour markets, changes in interest rates are more effective in stimulating real
output and there is less impact on inflation. Furthermore, the model produces cyclical flows
from informal to formal employment, consistent with the data.
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1. Introduction

The New Keynesian model has become a useful tool for both academics and policymakers
to analyse monetary policy design. However, this strand of the literature typically ignores
labour market frictions. In particular, it assumes that labour markets are perfectly competitive
and consequently aggregate fluctuations only adjust at the intensive labour margin.
Nevertheless, empirical studies show that at business cycle frequencies labour usage
adjusts not only at the intensive margin but also at the extensive margin, which generates
fluctuations in unemployment. Therefore, this model is not suited to study the link between
inflation and unemployment and it is limited in explaining some stylised facts of the data.’

Recently, some authors have extended the New Keynesian model to include labour market
frictions and unem ployment along the lines of the Diamond-Mortensen-Pissarides (DMP)
model.? The DMP framework includes labour market frictions, such as costs of matching
vacancies and workers searching for a job. These kinds of frictions generate dynamics in the
unemployment rate that are closer to the data and have implications for monetary policy.
Chéron and Langot (2000) show that the combination of search frictions and sticky prices
can reproduce the negative correlation of inflation with employment and vacancies, reported
in the literature for developed economies, when money supply shocks are included in the
model. Christoffel and Linzert (2005) show how real wage rigidities can generate
endogenous inflation persistence within the New Keynesian model incorporating search
frictions. Trigari (2006), using an estimated general equilibrium model that integrates a theory
of equilibrium unemployment into a monetary model with nominal price rigidities, shows that
search frictions generate a lower elasticity of marginal costs with respect to output, which
explains the sluggishness of inflation and the persistence of output that are observed in the
data.

The study of the flows between employment and unemployment is important for developed
economies, since they capture most of the labour market fluctuations. However, in
developing economies, where labour markets are characterised by having a large proportion
of the labour force employed in semi-illegal irregular jobs — so-called informal employment® —
the study of the flows between the formal and informal sectors becomes more relevant.

There is empirical evidence that the presence of informal labour markets affects the business
cycle dynamics of an economy. More precisely, this evidence shows that informal labour
markets act as a buffer stock for regulated formal employment, increasing labour market
flexibility and affecting the transmission mechanisms of shocks to the economy. For instance,
Bovi (2007), using labour market data for Italy, finds that informal employment is pro-cyclical,
whereas formal employment is almost acyclical. Other authors have also found similar
evidence. Carrillo and Pugno (2004) and Bowler and Morisi (2006) report a cyclical pattern
for informal employment in a set of emerging economies.

Given the importance of the informal economy for developing countries, the design of
monetary policy should carefully consider its effects on the labour market and inflation
dynamics. In particular, from the monetary policy point of view it is important to answer the
following questions: how does the presence of the informal sector affect inflation dynamics

' For instance, the basic New Keynesian model is not suitable for explaining the procyclicality of the job

destruction rate and the well-documented negative correlation between unemployment and inflation.

2 Among those authors are Walsh (2003, 2005), Alexopoulus (2004), Trigari (2006, 2009), Blanchard and Gali
(2010), Krause and Lubik (2007), Thomas (2008), Gertler and Trigari (2009), and Ravenna and Walsh (2008).
For a reference to the DMP model see Pissarides (2000).

Djankov, et al. (2002) and Schneider (2004) estimate that informal employment is between 40% and 80% of
the total labor force in developing economies.



and the transmission mechanism of monetary policy, and what determines the flows between
formal and informal employment?

To address these questions, in this paper we extend a s tandard closed economy New
Keynesian model adding labour market frictions, as in Blanchard and Gali (2010). Differently
from them, however, we model a dual labour market economy considering the existence of
formal and informal labour contracts. The model economy is composed of households,
retailers, firms and the central bank. Households receive utility from the consumption of a
continuum of differentiated goods and supply labour in a decentralised labour market subject
to search and hiring costs. Retailers, on the other hand, produce under monopolistic
competition differentiated consumption goods and set prices according to a Calvo-type price
setting rule. Retailers use as production input a wholesale good, which is produced by firms
under perfect competition using labour. Finally, the central bank implements monetary policy
by setting the short-term interest rate according to a Taylor-type feedback policy rule.

To the best of our knowledge, this is the first paper that analyses the implications for inflation
dynamics of the presence of an informal labour market. Previous papers have studied how
the informal jobs in the labour market are generated; see, for example, Bosch (2004, 2006),
Fugazza and J aques (2002), Kolm and Lar sen (2003), and B oeri and G aribaldi (2006).
However, those models focus on the real economy and do not analyse the interaction
between the informal sector and monetary policy.

We introduce labour market frictions considering that firms face hiring costs, which depend
on the degree of labour market tightness, defined by the ratio of hires to unemployment.
These hiring costs generate a friction in the labour market similar to the cost of posting a
vacancy in the standard DMP model. Furthermore, we introduce informality within the model
by assuming firms in the wholesale sector can choose between two types of production
processes: formal and informal. The process labelled as formal has higher productivity and
larger hiring costs. In contrast, in the informal process workers are less productive but hiring
costs are smaller. We focus on an equilibrium where firms use both production technologies,
and thus informal and formal workers coexist.

The key implication of this dual-production technology is that firms' marginal costs depend on
the level of informality, measured by the proportion of informal employment in the total labour
force. During periods of high aggregate demand, firms find it optimal to use the informal
technology more intensively because marginal costs associated with this technology are
lower than those of the formal one. Accordingly, firms' behaviour optimally lessens the impact
of aggregate demand on their marginal costs. Conversely, when demand is low and
therefore hiring costs are lower, firms optimally increase their relative use of formal labour.

This result is similar to the one reported by Trigari (2006). In her model, the possibility that
firms adjust output using both the intensive and extensive margin of labour reduces the
response of marginal costs to output fluctuations. In our model, the informal sector allows
firms to reduce marginal costs and to expand output more flexibly because informal labour
has lower hiring costs. Differently from Trigari (2006), however, in our set-up firms choose
two different types of labour in the extensive margin. This additional degree of flexibility is the
crucial mechanism behind the lower response of inflation to output in our model. As Gali
(2010) points out, in the case of Trigari (2006) her results are sensitive to the assumption
that marginal disutility of labour is constant in the model with search frictions but increasing in
labour effort in her base model without search frictions. Our set-up does not have this
assumption, since marginal disutility of labour is comparable across models with and without
informal labour markets in this paper.

Furthermore, informality makes formal employment less cyclical, which is in line with the
stylised facts reported by Bovi (2007). When a worker receives an offer to sign a formal
labour contract, he has two options: either to accept the offer and receive the corresponding
wage rate, or to wait for another one in the hope of obtaining a higher wage rate. When the
economy includes informal labour markets, the cost of waiting is larger since the probability



of receiving a new offer of a formal labour contract is much lower. This possibility of waiting
for a longer period induces workers to accept job offers more frequently, particularly in the
informal sector, inducing firms to hire informal workers, which dampens the response of
employment in the formal sector. Hence, firms in economies with informal labour markets
have more flexibility to expand output, thus demand shocks generate lower inflation and
larger output expansions. In this case, the positive response of informal employment to
demand shocks is larger than the one observed in the formal sector.

At the aggregate level, the model shows that informality affects the dynamics of domestic
inflation along several dimensions. First, it generates a link between unemployment flows
and inflation dynamics. Second, through its relationship with firms' marginal costs, it reduces
the impact of aggregate demand on domestic inflation.

The paper is organised as follows: the next section presents the model of an economy with
monopolistic competition, nominal rigidities and dual labour market rigidities. Section 3
shows the implications of the informal economy in the equilibrium of the model. Section 4
presents, in some quantitative exercises, the effects of the informal economy in the steady
state, the inflation dynamics and the transmission mechanism of monetary policy. The last
section concludes.

2 The model

The economy is populated by a continuum of households that consume final goods and
supply labour in a dec entralised labour market subject to search and hiring costs. Firms
produce a wholesale good, which is used as input to produce differentiated final consumption
goods by retailers and the central bank that sets the nominal interest rate through a Taylor
rule. Retailers operate in monopolistic competitive markets, where prices are sticky.

2.1 Preferences

The representative household is made up of a continuum of members represented by the
unit interval. Each household maximises the following utility function,

I+¢

U, = E, {fﬁt |:log(Ct)—;(;\l_:_(p}}, 2.1)

t=0

where C, is a composite basket defined over a continuum of differentiated goods that have

an elasticity of substitution £ >1, ¢ is the inverse of the labour supply elasticity, y is a positive
preference parameter and g <1 is the discount factor.

1 =i p=
C, :UOC‘(Z) : dz} , (2.2)

and N, stands for the fraction of household members that are employed, that satisfies the
constraint 0 <N, <1. At the beginning of each period a fraction N, , of the family members
are employed and the difference is unemployed. From this pool of employed household
members, each period a fraction ¢ lose their jobs, and a mong those unemployed, a
measure H, is hired. Thus, employment evolves according the following condition,

N, =(1-8)N._, +H,. (2.3)

Household members, when unemployed, receive a constant income associated to home
production, W", whereas when they are employed they can either work under a formal



contract and receive a wage rate Wf, or they can work under an informal contract, where

the wage rate is W,'. Informal contracts differ from formal ones mainly because firms face

lower hiring costs under informal contracts.* Total employment in the economy is defined as
follows,

N, =N +N/, (2.4)

where Nf and N, represent the stock of employed workers under formal and informal

contracts. We introduce an index that measures the tightness of the labour market, denoted
by X, and defined as the ratio of hires to the level of unemployment before the hiring

S_: where U, =1-(1-8)N_,. Alternatively, labour
market tightness can be interpreted as the probability that a worker has of being hired, that is
the job finding rate. We further assume that the job finding rate is different for formal and
— HtF

informal contracts, in particular we define, XtF =35, as the job finding rate in the formal

decision has taken place, that is X, =

labour market and as X, =E—‘:, the corresponding rate in the informal market. It follows that:

X, =X +X/. (2.5)

Households can smooth consumption using a nominal one-period discount bond, B, which
pays a nominal interest rate, i, every period. Therefore, the households' budget constraint is
given by:

RC, +B, =[ W N +W/N/ + PW" (1-N,)|+B,(1+i)+RIT, (2.6)

where T’} stands for firm's profits in the retail sector and P, is the consumer price index. The

first order condition that determines the optimum level of consumption and savings is given
by the following Euler equation that equalises the cost of postponing consumption with its
expected marginal benefit,

RC,

t+1~t+1

I:ﬁE{ (1+ it)}. (2.7)

Optimal intratemporal consumption allocation determines the demand for each variety of
consumption good as follows,

C.(2) {P‘F()Z)} C,. (2.8)

t

2.2 Technology and Labour Market Dynamics

2.2.1  Wholesale Producers
There is a continuum of wholesale good producers indexed by z e[O,l]. All of them use two

different constant returns to scale technologies, Y,7 (z) and Y,'(z), such that,

YW (@)=Y @)+Y, (2. (2.9)

4 See Batini and Levine (2010) for a detailed discussion on the definition and implications of informality.



The first of these technologies, Y,7(z), uses formal labour for production whereas Y,'(2)

uses workers hired under informal contracts. These two production functions are presented
next,

Y ()= AN (2), (2.10)

Y (2)=yAN{ (2), (2.11)

where y <1 and A stands for the level of productivity.® Hiring costs capture the fact that

formal and informal jobs are subject to different regulation costs. Formal jobs usually require
that firms pay benefits to workers, which is not usually the case for informal jobs. Following
Blanchard and Gali (2010) we assume that hiring costs are increasing on each type of labour
market tightness,6 as follows,

Gf =B A(X)". (2.12)

G =B'A(X!)". (2.13)

where we restrict BF >B' and a; >«,. These assumptions capture the fact that for formal

jobs, given the same level of market tightness, hiring costs are larger and more sensitive to
labour market conditions due to regulation. According to this, formal labour contracts are only

offered when it becomes profitable to pay the higher hiring costs. Firms hire HtF(z) and

H/ (z) workers of each type every period. Therefore, the laws of motion of both types of
labour are determined by,

N/ (2)=(1-8)N), () +H)(2), drj={F.1}. (2.14)

Under these conditions, the firms' problem consists in choosing sequences of {Nt' (z)},

{Ht' (z)}, {Nf(z)}, {Hf(z)} to maximise the following expected discounted profit function,

Et {iQt,t-#er—j (Z)J’ (215)

i C
where QUH. = p’ C‘

is the stochastic discount factor and

PW
rt(z):%[ANf(z)wA(Nt'(z)]—wt'Nt'(z)—WtFNtF(z)—Gt'Ht'(z)—Gfo(z), (2.16)

where R" is the price of the wholesale good. The corresponding first order conditions are
given by:

An alternative way to rationalize this assumption is consider that firms that hire formal workers can have
access to public services, which can enhance their productivity levels. See Loayza (1997) for a model that
uses this type of setup.

Gali (2010) shows that this hiring cost formulation is equivalent to the matching function approach adopted by
the DMP search literature. More precisely, under the assumption of homogeneity of degree one of the
matching function M(V;,U;), which depends on the aggregate level of vacancies (V, ) and unemployment (U, ),

the cost per hire is also function of the job finding rate.



N (@) A W 67 +(1-0) 45, (0 BL) =0, (2.17)

t

N, (2): yPFI)—A\ “W,' =G +(1-8) BE,(Q Gl ) =0. (2.18)

t

The intuition of these two equations is simple. Firms hire workers of each type of labour up to
the point where the value of their marginal productivity equals the cost of hiring an additional
worker. In this case, this marginal cost is not given only by real wages as in the case of
perfectly competitive labour markets, but also by the costs generated by hiring. Also, from
the cost minimisation problem of the firms, it holds that,

R _wme, (2.19)
R
where MC, is the real marginal cost respect to output, equal to
W," +GS —(1-5)pE,(Q,,.,G.
MCtz t t ( ) t( tt+1 tl) (220)
A
th +th _(1_5)ﬂEt (Qt,t+thI+l)
= . (2.21)
rA

According to this expression, in equilibrium labour moves from one sector to the other (and
from or to unemployment) in such away that real marginal costs are the same in each
sector. Also, aggregate labour in each sector equals:

N :j;th(z)dz, forj={F,I}. (2.22)

2.2.2 Wage determination

We assume that wages are set in a Nash bargaining process. Let's denote by 1 the
bargaining power of workers and by V,", V', V\V the value functions of a representative

household that has a marginal member employed in the formal and informal sector,
respectively.

Vi" =W, — 2CN{ + BE, {Qt,m [(1 ~5+X, )V’:l + X Ve (1= Xy )thiJ}, (2.23)

V' =W, - 2CN{ + BE, {Qt,m [(1 ~5+ Xy, )Vt|+1 + XV + (1= X Ve ]} (2.24)

A worker that signs a formal contract enjoys in period t his wage net of the marginal rate of
substitution. Also, he faces the probability 6 of loosing his job at the end of period t and a

probability (1-5) of maintaining his formal job in t+1 and enjoy V,",. Given that he looses

+1 "

+1° t+1°

A similar interpretation applies for the value function of informal workers.

his job, he can enjoy V,};, V.., and V}, with probability X/,, X{,, and (1-X,,,), respectively.

Similarly for the case of unemployed household members, the corresponding value function
is determined by,

VtU =W" + BE, {Qt,m I:Xt'ilvtfl + Xt|+1Vt|+1 + (1 =X )Vtgl ]} (2.25)



An unemployed worker receives the current payoff of W" from home production and in the

next period he c an become either formally employed, informally employed or stay

unemployed with probability X7, X/,; and (1-X,,,), respectively.

As the firm’s surplus from an e stablished employment relationship is given by the hiring
cost,” from the Nash bargain the workers' surplus has to be determined by:

V,m -V =AGF, (2.26)
Vv, -V =G, (2.27)

Using this condition, we can transform equations (2.23) and (2.24), such that wages in the
formal and informal sector are determined by:

/1GIF ZWtF - (W "t Gy Nt(p ) + ﬂ(l - 5)/1EtQt,t+1 [(1 - xt'j—l )Gt'j-l - xtl+1GtI+l :| > (2.28)

26! =WEF —(W* + ZCNE )+ B(1-8) 2E Q[ (1- X! )" (- XEGE | (2.29)

These two conditions together with (2.20) and (2.21) characterise the labour market
equilibrium.

2.3 Retail Firms

Each retail firm uses wholesale goods to produce differentiated final consumption goods
using aone to one technology. This in turn implies that the marginal cost retailers face
(MC}) is exactly equal to the relative price of the wholesale good, that is

_RY

MCFH 5 =MC,. (2.30)
t

As we can see from (2.20) and (2.21), marginal costs depend on real wages from both the
formal and the informal labour market. Furthermore, we assume that each retailer sets prices
following a staggered pricing mechanism a la Calvo. Each firm faces an exogenous

probability of changing prices given by (1—49). The optimal price that solves the firm's
problem is given by

k=0
Et [ngQt,Hk Ft‘,gt_:kYHk J
k=0

where u=-% is the price mark-up, Pt*(z) is the optimal price level chosen by the firm,

&-1

: (2.31)

. HE (ZHI(QI,HK MCy Rl Yk J
(R (z)} _

F ek :P‘T*tk is the cumulative level of inflation and Y,,, is the aggregate level of output.

Since only a fraction (1—9) of firms changes prices every period and the remaining fraction
keeps its price fixed, the aggregate price level is given by the following equation:

This is because any current worker can be immediately replaced with someone who is unemployed by paying
the hiring costs.



RHe =Ry +(1-0)[R'(2)] (2:32)

Following Benigno and Woodford (2005), equations (2.31) and (2.32) can be written
recursively introducing the auxiliary variables NN, and DD, :

o(1,) ' =1-(1- 9)( ggz jl_g :

(2.33)
DD, =Y,(C,)" + 6BE, [(nt+1 ) DDMJ, (2.34)
NN, = 4, (C,)” MC, + 9BE, [(nt+1 ) NNHIJ, (2.35)

where Il; =R / B_;is the gross inflation rate. Equation (2.33) comes from the aggregation of

individual firms' prices. The ratio NN, /DD, represents the optimal relative price R’(z)/PR.

Equations (2.33), (2.34) and (2.35) summarise the recursive representation of the non- linear
Phillips curve.

24 The labour market and the marginal costs

After subtracting the labour demand equations (2.20) and (2.21) and the wage setting
equations (2.28) and (2.29) for both sectors, we obtain, respectively:

W W, =(1-7) AMC, —(&f —&t') (2.36)
w —w! :/1( f—&t') (2.37)

where étj =G/ —(1-6)EQ.,G, for j={I,F} is the cost of hiring a worker in sector j in

period t net of the expected saving on hiring costs next period. After equating both equations
we get:

(1-7) AMC, =(1+/1)(&f —ét') (2.38)

In this case of a dual labour market, marginal costs become a function of productivity and the
hiring costs. In contrast, in the case that only the formal labour market is present, marginal
costs would be:

AMC, = #C,N? +W" +(1+/1)éf + A(1-8)EQinG5 X, (2.39)

Condition (2.38) establishes that firm’s marginal costs are determined by the difference
between the hiring cost of a formal versus an informal worker, and the relatively gain in
productivity of hiring a formal worker. Notice that the marginal rate of substitution does not
affect marginal costs directly, but only indirectly through its impact on hiring costs.

Since the link between firm’s marginal costs and the marginal rate of substitution is the main
channel through which output gap affects marginal costs in the new Keynesian model, this
directly channel through is not present in our set-up. Demand shocks, which increase
consumption and labour supply, only affect marginal cost through its indirect impact on hiring
costs.

A demand shock generates an increase in hiring but since at the margin informal workers are
relatively cheaper for firms, hiring of informal workers increase more than for formal workers.



This substitution effect reduces firm’s marginal costs and it generates the buffer effects of
informal labour markets. Moreover, as marginal costs depend on hiring costs, in turn they
depend on the tightness of each sector. Then, the relationship between inflation and
marginal costs, becomes a function of inflation, aggregate unemployment and employment in
the formal and informal sector.

2.5 Market Clearing

Aggregating the budget constraint over all households we obtain,
Co =W, N +W NS +W" (1-N,)+I{ (2.40)

Since the wholesale sector is in perfect competition, profits are zero for each firm, thus we
have that,
PI;—YtW “W,'N, +WFNF +G'H, +GFHF (2.41)

t
and also since profits in the retail sector are T} =V, —P;—IWYtW, we have that,

Y, =C, +G/H +G HS -W"(1-N,) (2.42)
and

Y =YA, (2.43)

where A, = I;( P‘(f)

—&
5 ) dz is a measure of price dispersion.

2.6 Monetary Policy

We assume that the central bank conducts monetary policy by targeting the nominal interest
rate in the following way:

(1+i)=(1+ i)(%j% (v )" (2.44)

where, ¢_>1 and ¢, >0 measure the response of the nominal interest rate to inflation and

output gap (Y,**), respectively. The output gap is measured by the difference of output with
respect of its natural level. This latter is calculated at the equilibrium of flexible prices, in
which the probability of not changing prices for retail firms 6=0. Moreover, we express
variables in the steady state values without time subscript (i.e. X for variable X, ).

3. The role of the informal economy

3.1 The efficient allocation

The efficient equilibrium is equivalent to the social planner problem of maximizing the utility
of the representative agent (2.1), subject to: the production function for wholesale goods
(2.9), (2.10) and (2.11), and retail goods, the resources constraint (2.42), the law of motion
for both types of labour (2.14), and the aggregation conditions for both types of labour (2.22)
and for total labour (2.4), considering also the constraint 0< N, <1.



The optimality conditions for the social planner’s problem can be written as:

ZCN? <A ~(1+aF)GF ~W* +(1-6)E, {Qt,mc;fﬂ [1+a (1-%7, )]} , (3.1)

ZCN? <yA —(1+a')G! -W* +(1-5)E, {Qt,met'+1 [1+a' (1-X,, )}} , (3.2)

which must hold with equality if N,<1. These conditions determine, respectively,

employment in both the formal and the informal sectors. Note that in the absence of hiring
costs the second condition is irrelevant, since it is possible to produce more with the same
costs using only the formal technology. Moreover, if we also exclude the unemployment

benefits W* when B =B' =0, the optimal solution is N = N, and

NP <1 (3.3)

which comes from replacing the resources constraint in (3.1). In this case, a nec essary
condition for full employment is to have y =1. Moreover, with unemployment benefits this

condition becomes:

u

;({Nt-i- AWWU}N;/’Q (3.4)

By simple inspection of conditions (3.3) and (3.4) we can note that the inclusion of
unemployment benefits would reduce the employment level and consequently increase
unemployment.

Moreover, in the general case with hiring costs, a condition for both formal and informal
employment to coexist in the efficient allocation is that the RHS of equations (3.1) and (3.2)
be the same. A necessary condition for having both types of labour is that in equilibrium
hiring costs in the informal sector are lower than in the formal sector, which compensates for
the lower productivity in the informal sector.

3.2 The labour market equilibrium in steady state

We can analyse the steady state of the model as the intersection of labour demand with
labour supply for each sector. The complete system of equations is shown in appendix B.
The labour demand for each sector equalises the real wage with its respective marginal rate
of transformation, that is:

WFzAi—GF[I—ﬂ(l—é)] (3.5)

w'=yal_g' [1-p8(1-5)] (3.6)
U

where GF and G' are both functions of NF and N'.
The labour supply consists on the wage curve for each sector:

WF=ZCN«’+WU+/1[GF—ﬂ(1—5)((1—XF)GF‘XIGI)J (3.7)

W' = ,CN? +WY +/1[G' -p(1-8)((1-x")e' —XFGF)J (3.8)

where C,N,X" and X' are also functions of N7 and N'. The intersection of these two sets
of equations gives the solution for real wages and labour in each sector.
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In figure 3.1 we show a graphical representation of the labour market equilibrium in steady
state.? In the case without labour market frictions, labour demand is given by a horizontal line

at A/ u and the wage curve is an upward sloping curve with intercept at W" when N <1 and

a vertical line at the value of full employment. When introducing labour market frictions in a
dual market, labour demand in the formal sector is a downward sloping curve that starts from

the intercept at A/ 1 and the wage curve is an upward sloping curve that also starts in W",
but is steeper than in the case without labour market frictions. The intersection of these two
curves defines NF . For the case of the informal economy, labour demand is a downward
curve that starts at yA/ x4 and the wage curve is an upward curve that starts at W" . Both
curves for the informal economy are less steep than those of the formal economy, which
indicates that labour in the informal economy is more elastic.

Let's analyse for example the effects in steady state of anincrease in the parameter of

rigidity in the formal sector. In figure 3.2 we show that an increase in B generates in the
formal sector a downward movement of labour demand curve and an u pward shift of the
wage setting curve, which reduces formal labour. As unemployment increases, this reduces
tightness in the informal sector, moving the labour demand curve upwards and the wage
setting curve downwards, increasing employment in the informal sector.

Figure 3.1
Labour market equilibrium in steady state
A/n
YA/l

| /
|
| /
)
|
|
1
1
|
|

we !
|

NF NI N

8 Figures 3.1 and 3.2 are not drawn to scale and are presented only for didactic purposes.
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Figure 3.2

Labour market equilibrium in steady state.
The effects of an increase in hiring costs of the formal sector

A/p

4, Quantitative analysis

4.1 Benchmark Parameters

We parameterise the model using values commonly used in the in the New-Keynesian
literature:

Table 1
Standard Parameters of the Model
$=0.99 @, =15 9, =0.5
0=2/3 n=4 =6
x=1

We consider the reservation wage as a proportion of the value added of the informal sector
in steady state, that is: W" =1//(77A) for v =0.75. For the technology parameters we take

A=1 and y=0.95. For the hiring costs functions we use the following: oy =1.5>a, =0.75
and B. =2.5>B,=0.5 to characterise the flexibility of the informal labour market in

comparison with the formal one. The separation rate 6=0.20 is parameterised a bit higher
than in Blanchard and Gali (2010) to produce less endogenous persistency in the dynamics
of the model. The workers' bargaining power is set at 1 =0.5. The autoregressive coefficient

12



of both demand and supply shocks is set at 0.9 and their standard deviations are normalised
at1.

4.2 The steady state

Given this parameterisation, we show in Table 2 the implied steady state of the model for the

case when no | abour market rigidities are present (B =B' =0), the case with informal
economy and the case when informality is not present (y =0).

Table 2
Implied steady state of the model
Without labour market With informality Without Informality
rigidities
Y 1 0.670 0.640
N 1 0.680 0.640
NF 1 0.483 0.640
N' 0 0.198 0.000

In the case where labour market frictions are absent, labour is at full employment and output
is normalised at 1, labour is hired completely in the formal sector because of the lower
productivity of the informal sector. When introducing hiring costs in both sectors, informal
production arises. However, it is important to note that total production is higher in the
economy with informality than in the case without it, because the informal sector becomes an
optimal second best alternative to larger hiring costs in the formal sector. Moreover, total
employment is higher in the economy with an informal sector.

In figure 4.1 we show some sensitivity of the steady state to some parameters associated to

the labour market equilibrium. In panel (a) we show that an increase in the parameter B of
the formal sector’s hiring cost function, maintaining the other parameters constant, raises the
proportion of informal labour in total unemployment andr educes marginally total
employment. In contrast, the elasticity of the formal sector’s hiring cost to the tightening ratio

(a") in panel (b) has the opposite effect, since an increase on this parameter also reduces
the value of the hiring cost in the formal sector. In panel (c) we show that an increase in the
separation rate reduces employment and raises the participation of the informal sector in the
labour market. As shown in equations (3.5) to (3.8), anincrease in the separation rate
reduces the expected saving on hiring costs next period, which in turn increases net hiring
costs. The share of informal employment increases, because this sector is proportionally less
affected by changes in this parameter. Finally, panel (d) shows that al arger worker’s
bargaining power also reduces total employment, because it pushes-up real wages, which
also moves some workers from the formal to the informal sector. However, as shown, the
sensitivity of the equilibrium to this parameter is very small.
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Figure 4.1
Steady state — sensitivity analysis
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4.3 The buffer effect of informal labour markets

The empirical evidence reported in the introduction shows that informal labour markets act as
a buffer stock of labour, increasing the flexibility of the labour market and affecting the
transmission mechanism of shocks to the economy. The micro-founded model developed in
this paper delivers this result and shows how the presence of an informal economy affects
the transmission mechanism of monetary policy.

As figure 4.2 shows, inflation response to a d emand shock is more than double in an
economy where all labour contracts are formal than in an e conomy where informal
employment exists. Consistently, output increases more in this latter case, since informal
employment helps to reduce the pressure on marginal costs in formal labour markets,
generating a larger incentive for firms to increase production.

When a worker receives an offer to sign a formal labour contract, she has two options: either
to accept the offer and receive the corresponding wage rate or wait for another one hoping to
obtain a larger wage rate. When in the economy there are informal labour markets, the cost
of waiting is larger since the probability of receiving a new offer of a formal labour contract is
much lower in this case. This possibility of waiting for a longer period induces workers to
accept more frequently job offers. Hence, firms in economies with informal labour markets
have more flexibility to expand output, thus demand shocks generate lower inflation and
larger output expansions. The impulse response functions depicted on the three panels at
the bottom of figure 4.1 show this buffer effect in terms unemployment and employment
flows. As these pictures shows, in the presence of an informal sector, formal employment
increases less in response to demand shocks, but total employment increases by more
because of the reaction of informal employment. This lower response in formal employment
also imply less pressure on labour market tightening, since a fraction of labour demand is
being provided by informal jobs. As result, hiring costs increase by less and, consequently,
also marginal costs and inflation.
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When productivity shocks hit the economy, informal labour markets amplify the effects of
these shocks on inflation and output. As figure 4.2 shows, output increase and inflation falls
by more when informal labour markets operate in responses to productivity shocks. Informal
labour markets in this case also allow firms more flexibility when hiring workers, since they
can hire informal workers. This flexibility lessens the impact of firm’s hiring on the formal
labour market tightening, allowing a larger expansion of output at a lower marginal cost.
Inflation falls in response to an expected fall in future marginal costs. On impact marginal
costs rises to reflect higher hiring costs but it became negative in the future in response to
expected persistent gains in productivity. Although, at the margin the improvement in
productivity is larger in formal labour contracts, firms still have incentives to hire workers
under informal labour contracts since this type of contracts are relatively cheaper than formal
ones. Similarly to the case of demand shocks, the buffer effect generates flows of
employment from the formal to the informal sector in response to productivity shocks.

It is interesting to note as well that informal labour markets render formal employment less
procyclical and informal employment more procyclical, an implication that is in line with the
stylized facts reported by Bovi (2007).

The key implication for inflation dynamics that informal labour markets generate is that the
Phillips curve depends, not only on the level of aggregate unemployment, but also on the
flows of unemployment in the formal and informal labour markets. Furthermore, this result
implies that in economies with large informal labour markets, the correlation between inflation
and the output gap conditional on demand shocks is lower, thus changes in interest rates
have relatively less impact on inflation.

Another interesting result is that unemployment becomes more counter-cyclical in the
presence of informal labour markets, a result that has proven to be difficult to obtain in the
New Keynesian model with flexible wages. As Gali (2010) shows, labour market frictions
cannot deliver a large negative correlation between inflation and unem ployment unless
nominal wage rigidities are append to the analysis.

In the specification of the model we have assumed that some parameters associated to the
labour market are the same for the formal and the informal sector, such as the bargaining
power of workers and the job separation rate. Since other characteristics of the informal
sector are the less power of workers to negotiate their wage and the lack of job security,
which consequently imply a larger probability of being fired under a negative shock; it is
natural to think that parameter A is lower whilst & is larger in the informal sector. In figures
4.4 and 4.5 we present some sensitivity analysis to the responses to demand and supply
shocks, considering that a different parameterisation for 4 and §in the informal sector. More

precisely, we consider ' =0.1 and &' =0.3, keeping fixed AF =0.5and 67 =0.2.

As we can see from these figures, those changes in the parameterisation of the model do not
have ani mportant quantitative effect ont he dynamic of aggregate variables, such as
inflation, output and total employment. However, there are some significant changes in the
dynamics of the formal and i nformal employment. More precisely, the reduction in the
bargaining power of informal workers and the increase in the separation rate in that sector,
increase the responsiveness of informal labour to demand and productivity shocks, but this is
compensated by a lower initial response in formal employment. Yet, these changes do not
have an important impact on neither on total employment nor on real marginal costs and
therefore the dynamics of inflation and output are not affected.
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Figure 4.2
Impulse responses to a demand shock
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Figure 4.3
Impulse responses to a productivity shock
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Figure 4.4
Impulse responses to a demand shock — sensitivity analysis
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Figure 4.5
Impulse responses to a productivity shock — sensitivity analysis

Inflation Output Marginal Costs
0 2 0.6
-0.1 1 1.5 0.4
02 Benchmark | | ! 0.2
o3} Higher &' ] 0.5 0 .
""" Lower 2!
-0.4 0 -0.2
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12
Interest Rate Tightening Formal Sector Tightening Informal Sector
0
-0.1 b
-0.2 1
03 1
04l . . . .
2 4 6 8 10 12
Unemployment
0.5
0
05 1
- 0 L — 0.5
-1 -0.2 0
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12

17



5. Concluding remarks

Informal labour markets are widespread in emerging economies. This paper has shown that
this feature of labour markets has a profound impact on the dynamics of inflation and the
transmission mechanism of demand and pr oductivity shocks. A large pool of informal
workers is a buffer stock of labour that allows firms to expand output in a more flexible
manner without putting pressure on wages. In particular, firms at the margin can substitute
formal jobs with informal ones and expand output without raising their marginal costs. In this
case, inflation depends not only on the level of unemployment but also on the flows of
unemployment from formal to informal labour markets. Consequently, inflation also becomes
less responsive to demand shocks.

Furthermore, the buffer stock effect on labour markets that this model generates is consistent
with empirical evidence that formal employment is less procyclical than informal employment.
This result has important implications for the costs of stabilisation policies. In particular, since
inflation is less responsive to demand shocks, larger contractions in output would be required
to stabilise inflation. Therefore, in economies of this type it becomes even more important to
act pre-emptively to avoid deviations of inflation expectations.

The model presented in this paper is highly stylised, mainly to keep it tractable. However, it
can be extended in many directions; for instance, alternative frictions to generate informal
labour markets in equilibrium can be c onsidered besides hiring costs to examine the
interaction between monetary policy and labour market policies. Also, this framework can be
used to analyse optimal monetary policy, following the work of Thomas (2008).
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A. The non-linear system of equations

The dynamic equilibrium of this economy is given by the following set of 19 equations with 19
endogenous variables®:

Al Aggregate demand

_ C, (I+i)
1_IBEt|:Ct+I (1+Ht+l):| (A1)

(1+1)=(1+ i)[%j% ()" (A2)

A.2 Aggregate Supply
Price setting in the retail sector gives the Phillips curve:

1-¢
e NN
o(11,) " =1-(1-6) — A3
) =1-0-0 o a3
DD, =Y, (C, )" + 6BE, [(HH ) DDHIJ (A.4)
NN, = #Y; (Ct )_I MC, +6BE, [(Hm )g NNt+l:| (A.5)
The production function, which determines marginal costs:
YW =YF4y! (A.6)
YtF =A NtF (A7)
Y, =7AN/ (A-8)
A.3 Labour Market
Labour demands:
WtF = AMCt _[GtF _(1 - 5) EtQt,tJrth'il] (A.9)
th =7AMC, - [th - (1 - 5) EtQt,t+1GtI+l:| (A.10)
The wage setting curves are:
WtF = ZCt Ntw +WU + A{GIF - (1 - 5) EtQt,t-H |:Gt'j—l (1 - Xt'j-] ) - th+1 th+1 j|} (A1 1 )
W' = 7CNY +W" + /I{th ~(1-0)EQ |:th+1 (1 ~ X ) ~Gf X }} (A.12)

® A similar set @=0is given for the flexible price equilibrium. The output gap is measured by deviations of

output from its flexible price equilibrium value.
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where:

C
Qt,t+1 = ﬂc_t (A-13)
t+1
Hiring costs are given by:
Gf =87 A(Xf)" (A14)
G =B'A(X )" (A.15)
Labour market tightness evolves as:
F
XS =H—t (A.16)
1-(1-8)N,,
|
N =—Ht (A.17)
1-(1-6)N,,
The evolution of labour in the formal and informal sector:
NS =(1-8)NS, +H (A.18)
N =(1-6)N., + H, (A.19)
A4 Aggregation
The aggregate resource constraint:
Y, =C,+G{Hf +G/H -W"(1-N,) (A.20)
Aggregate production for wholesale goods:
Y =YA, (A.21)
where:
R(2)"
A, _jo{ - } dz (A.22)
Also, we have total labour as:
N, =N, +NS (A.23)

B. Solving the steady-state

When solving the steady state, we have 13 equations for the same number of variables
{Y,NWF W NF N CYR Y X, X!, GFG!}

Aggregate conditions:
Y=YF+Y! (B.1)

N=NF+N' (B.2)
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Consider each labour demand:

WF=A%—GF[1—ﬂ(1-5)] (B.3)
W' =yAL-G'[1-p(1-5)] (B.4)
u
Labour supply:
WF = ,CN? +WVY +/1{GF -p(1-5)[(1-XF)e" - x'e'}} (B.5)
W' = 7CN? + WY m{e' -p(1-0)(1-x")e! —xFGF}} (B.6)
The aggregate budget constraint:
Y=C+6G"NF+5G'N' -W"(1-N) (B.7)
The production function:
YF = ANF (B.8)
Y'=yAN' (B.9)
Labour tightness:
F SNF
- 97 B.10
1-(1-6)N (B.10)
SN
X'e——— B.11
1-(1-6)N (B.11)
Hiring costs:
G" =B'A(X)™ (B.12)
G'=BA(X)" (B.13)

We can replace the aggregate production function and labour equation (equations (B.1) and
(B.2)), the aggregate budget constraint (equation (B.7)), the production function for each
sector (equations (B.8) and (B.9)), the definition of labour tightness (equations (B.10) and
(B.11)) and the hiring costs functions (equations (B.12) and (B.13)) in the labour demand and
supply curve equations, to obtain a system of 4 equations for the real wage and labour in
each sector

C. The log-linear equilibrium dynamics
We denote variables in their log deviations around the steady state with lower case letters
li.e., x =1n(Xt/X)].The dynamics of the model are given by the set of equations for 19
endogenous variables {ct,it,ﬂt,mct,yf,yt' WLW L n0,n L0, 00,90 X % ,hF,h',yt,nt} and 2
exogenous variables {d,,a,}.
The aggregate demand is determined from the aggregate resources constraint:

C_ G'HF G'H' WYN

(97 +h )+

o=y & Y Y

(9! +h')+ n +d,, (C.1)
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where we have included an exogenous demand shock, d,,which follows an AR(1) process.

This exogenous demand shock can be interpreted as a shock in government expenditures,
when including the public sector into the model. In this model aggregate demand equals the
sum of consumption, total hiring costs and demand shocks. Consumption is determined by
the Euler equation:

G = ECy _(it - Etﬂm)v (C.2)

and hiring costs are equal to g/ =a, +a;x for j={F,1} and the measure of workers hired is

determined from the evolution of labour in each sector, n! =(1-3)n/, +sh} for j={F,1}.

(1-6)N
1-(1-5)N

The labour market tightness is defined by: x/ =h/ + n_, for j={F,1}.

Aggregate supply in this model with nominal rigidities and dual labour market rigidities is
equal to traditional New-Keynesian Phillips curve:

7, =kmc, + Ez,,,, (C.3)

where «=(1-0)(1-6B8)/6. The informal economy affects inflation through the effects on
marginal costs. Since the economy produces using two different types of technology, total
production is y, =*-y§ +¥-y!, where the production of each sector is given by: y/ =a, +n/
for j ={F, I } where the technology shock (&, ) is also assumed to follow an AR(1) process.

Labour demand in each sector is equal to
i

w =@ (a +mct)+mg):jtj,

(C.4)

for j={F,I}, g);t' =g/ —(1—5)ﬂEt(qM,t + gtj+l) and Eq,, =¢ —Ec, Iis the stochastic
discount factor. These relative weights in the labour demand of productivity and m arginal

costs are respectively " =2 and @' =y A,
W™ u W' u

On the other hand, the labour supply of each sector is given by the respective wage curve
. 1)
w! =QJ(c, +77nt)+/1mgt +
(1-5)BA
Wi

(C.5)
[GF XF (Ch,m +00, + Xt'j-l)+ G'x' (qt,t+l + G+ X )}

for j={F,I}. The weights are given respectively by Q= yCN” /W' Total labour equals:
no=Nn +8nF,

Also, note that we can use the labour market equilibrium equations to solve for the real
marginal costs, as in equation (2.38)

me, =§[%J(3Féf 33! J-a. (C6)

which, in turn, depends on pr oductivity, unemployment and em ployment en eac h sector.
Finally, monetary policy is determined under a standard Taylor rule:

Ik =@, 7m + @y yo®. (C.7)
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