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Abstract

In this paper I analyze the optimal monetary policy in emerging countries whose labor
markets are mainly characterized by the presence of a large informal sector. I develop
a closed economy model with nominal price and wage rigidities, search and matching
frictions and a dual labor market. A formal one characterized by matching frictions, and
nominal wage rigidities, and an informal one where wages are fully flexible. Under this
framework, a trade-off between price and wage inflation emerges. I find that informality
increases the response of price and wage inflation to aggregate productivity shocks. As a
result, the presence of an informal sector increases the inefficient fluctuations of the labor
market variables, such as unemployment, labor market tightness, and formal hiring rate. I
derive the second-order approximation to the welfare of the representative agent, and then
I characterize the optimal monetary policy for standard calibration of the model. I find
that optimal policy with informality features significant deviations from price stability in

response to aggregate productivity shocks.

JEL classification: E26, E52, E12, E61.

Keywords: Informality, Monetary policy, Nominal wage and price rigidities, Inflation targeting.

1 Introduction

In developing and emerging countries the informal sector often accounts for a substantial part
of the urban labor force. According to the International Labor Office (2018), informal employ-

ment accounts for more than half of non-agricultural employment in most developing countries:
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around 68 percent in Asia and the Pacific, 68 percent in the Arab States, 66 percent in sub-
Saharan Africa, 65 percent in East and Southeast Asia (excluding China) and around 51 percent
in Latin America. Most of the workers in this sector are self-employed, and their income comes
from operating small unincorporated enterprises® that are hidden from regulatory and mone-
tary authorities and are hardly registered by official statistics. While offering the advantage of
employment flexibility in some economies, a large informal sector is associated with low pro-
ductivity, reduced tax revenues, poor governance, excessive regulations, poverty, and income
inequality (World Bank, 2019).

The implications of informality have drawn considerable attention in the literature. Most of
the research on this topic aims to study how informal jobs in the labor market are generated
and to analyze the effect of fiscal and labor market policies on the informal economic activity.
These studies focus on the real economy and, hence, do not analyze the interaction between
informal sector and monetary policy. In fact, very few papers have been devoted to the analysis
of the monetary policy when the economy displays a large informal sector. The main objective
of this paper is to contribute to this literature by studying the optimal monetary policy design
in emerging countries, whose labor market is mainly characterized by the presence of a large

informal sector.

I develop a closed economy model with dual labor markets, formal and informal, that inte-
grates labor market search into a New Keynesian model with nominal price and wage rigidities.
Following Thomas (2008) and Gertler and Trigari (2009), I introduce staggered nominal wage
bargaining, where firms and workers in the formal sector bargain over wages in a setting with
search and matching frictions. Under this setting, formal wages are going to affect employment
at an extensive margin. They influence the rate at which firms in the formal sector add new
workers to their respective labor forces. As emphasized by Hall (2005), in this kind of setting
the Barro’s critique does not apply (Gertler and Trigari, 2009). Wage rigidities are assumed
to be present only in the formal sector. The informal labor market in developing countries is
mainly characterized by self-employment, and in this case, it is more accurate to assume that

informal wages are flexible.

I obtain the approximated quadratic welfare loss function that allows me to analyze the optimal
monetary policy under commitment, assuming that the model steady-state is efficient. Welfare
decreases with inflation and wage volatility. Inflation causes inefficient dispersion on prices
across retail firms, and similarly, wage inflation generates inefficient dispersion on wages across
formal firms. Welfare also decreases with output and labor market tightness volatility. Here,

the composition of total production between formal and informal goods can be inefficient if the

!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; 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, fortune-telling, shoe cleaning, street theater, house cleaning, and the like (Blades et. al. 2011).



labor market tightness in the formal sector differs from its efficient value. Finally, inefficient
fluctuations in employment also decrease welfare. To better understand the effect of informality
on optimal monetary policy, I compare the predictions of the model against a case in which

there is not an informal sector in the economy.

I show that for the case in which only price rigidities are present, wages in the formal sector are
Nash bargained every period, and the steady-state is efficient, full-price inflation stabilization is
optimal. I subsequently show that in the case where the negotiation of formal wages is staggered,
a trade-off between price inflation and unemployment stabilization emerges. In the presence of
price and formal wage rigidities, complete price-level stabilization is no longer optimal. As a
result, the central bank should take into account both price and formal wage stability, since
fluctuations in price and formal wage inflation, and also in the output gap and unemployment,

generate inefficient fluctuations in the allocation of resources in the economy.

I find that in the presence of an informal sector the inefficient fluctuations on the labor market
variables such as employment, labor market tightness, and formal hiring rate are higher. This
effect comes from the fact that in response to a productivity shock, only a fraction of firms in
the formal sector is able to adjust their nominal wages. This rigidity generates a gap between
the actual and natural formal wages (the target wage) that translates into wage dispersion
and inefficient job creation in the formal sector. Therefore the path of unemployment and
informal employment is also distorted. In the presence of informality, the response of the target
wage to productivity shocks is higher. Indeed, under this framework, the natural wage in the
formal sector depends on the informal wage (the outside option) and on the formal labor market
tightness, and after a negative productivity shock, the decrease in both variables is bigger than
in the case without informality. On the one hand, the outside option decreases with an adverse
productivity shock. On the other hand, the informal sector works as a buffer that absorbs
workers in bad times, and vice-versa. Consequently, a proportion of unemployed workers are
going to move to the informal sector, which decreases the probability that a formal vacancy will

be filled, pinning down the formal firms’ surplus and therefore their incentive to hire.

Therefore, in response to aggregate productivity shocks the Central Bank should use price
inflation so to avoid excessive unemployment volatility and excessive dispersion in the formal
hiring rate. By controlling the inflation rate, the central bank can affect the real value of nominal
wages and then bring real formal wages closer to their flexible-wage levels. The presence of an
informal sector requires a higher adjustment of inflation to reduce this gap. I find that under
the optimal monetary policy the volatility of inflation is relatively larger in the presence of
informality. This result suggest that for emerging countries it is optimal to allow more inflation

volatility to decrease the higher dispersion in the hiring rates and the unemployment volatility.

To illustrate the implications of the trade-off faced by the Central Bank, I analyze the behavior

of the decentralized economy when the monetary authority implements a policy of full inflation
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stabilization. For a standard calibration of the model with informality, I find that the welfare
loss under a zero inflation policy is about 2.8 times as large as under the optimal policy. For the
case without informality, the welfare loss under a zero inflation policy is about 0.08 times as large
as under the optimal policy. These results show that a policy designed to minimize inflation
volatility can generate significant welfare losses in the presence of nominal wage rigidities and

informality, as is the case for most emerging countries.

Related Literature

This paper contributes to the scarce literature that analyzes the implications of informality
for monetary policy. Castillo and Montoro (2010) is the first paper that analyses the effect
of informal labor markets on monetary policy. They extend Blanchard and Gali (2010) by
modeling a dual labor market economy with formal and informal labor contracts within a New
Keynesian model with labor market frictions. In this framework, informality is a result of hiring
costs, which are a function of the ratio of vacancies to unemployment. The key implication
of this dual-production technology is that firm’s marginal costs would depend not only on
wages, productivity, and unemployment levels but also on the level of informality measured by
the proportion of informal employment within the total labor force. The authors show that
informal workers act as a buffer on employment that allows firms to increase output without
generating pressure on wages. Arberola and Urrutia (2019) also analyze the effect of informality
on monetary policy. They develop a general equilibrium closed economy model with labor and
financial frictions and nominal price rigidities. They found that informality has a buffering effect
on the propagation of demand and supply shocks to prices. As a result, informality dampens
the impact of demand and financial shocks on wages and inflation but amplifies the impact of

technology shocks. Informality also increases the sacrifice ratio of monetary policy actions.

Batini et al. (2011) and Gomez and Hairault (2019) analyze optimal monetary policy with
informality. Batini et al. (2011) develop a two-sector, formal and informal, New Keynesian
model. The informal sector is more labor-intensive, can avoid taxation, has a classical labor
market, faces high credit constraints in financing investment, and is less visible in terms of
observed output. In equilibrium, workers who do not find a job in the formal labor market
move to the informal sector. In their model, public goods are produced formally, and the two
sectors have different technologies. They find that the importance of commitment increases in
economies characterized by a large informal sector and that optimal simple rules that respond
only to observed aggregate inflation and formal output can be significantly worse in welfare
terms than their optimal counterpart. However, these optimal simple rules are still far better
than discretion. The authors conclude that the benefits of reducing the informal sector (i.e., tax
smoothing and net benefits from stabilization with tax smoothing) outweigh the cost in terms

of less wage flexibility.



Gomez and Hairault (2019) consider a New Keynesian model with a formal and an informal
sector, with labor income taxes in the formal sector, and lower labor productivity in the informal
sector. They derive the optimal policy device from an approximated quadratic welfare function
and characterize the role of the size of the informal sector for monetary policy analytically.
They find that informality amplifies cost-push shocks on inflation and the aggregate sacrifice
ratio. They also find that in the presence of endogenous labor tax variation, optimal monetary
policy under discretion generates an inflation bias that leads to positive average inflation as a
result of the central bank’s incentive to boost production above its natural level. That incentive

increases with the size of the informal sector.

Different from Batini et al. (2011) and Gomez and Hairault (2019) I introduce search and
matching frictions in the formal sector and nominal wage rigidities. Under this framework, I
can analyze optimal monetary policy with informality in a scenario where there is a trade-off

between inflation and unemployment.

1.1 Outline

The rest of the paper is organized as follows: Section 2 presents the model. In section 3, for
comparative purposes, I consider both the equilibrium of the model with flexible price and wages
and the Social Planner Solution. In section 4, I derive a log-linear approximation of the rational
expectations equilibrium around the efficient steady-state under staggered wage bargaining in
the formal sector. Section 5 analyzes the optimal monetary policy under commitment and the

role of informality on the optimal monetary policy design. Section 6 concludes.

2 Model

The analysis builds on a New-Keynesian closed economy framework with dual labor markets.
The model consist of: households whose utility depends on the consumption of market goods,
and whose members are either employed in the formal sector or the informal sector or are
unemployed searching for a new match in the formal sector; wholesale formal firms who employ
formal labor to produce a wholesale formal good that is sold in a competitive market, the labor
market in this sector is characterized by search frictions and nominal wage rigidities; wholesale
nformal firms who employ informal labor to produce a wholesale informal good that is sold
in a competitive market, the labor market in this sector is fully flexible; and retails firms who
aggregate the two wholesale goods and transform them into differentiated final goods that are

sold to the households in an environment of monopolistic competition.



2.1 Households

Each household is thought of as an extended family that contains a continuum of members. In
this household a fraction i/ = fol 1/.di of its members are employed in the formal sector, where
lf; represent the number of workers in firm ¢. A fraction [} is working in the informal sector
(self-employed), and the remaining fraction 1 = 1 — 1/ — I are unemployed and searching for a
job in the formal sector. Following much of the literature, I assume that households pool their

income and maximize the following utility function:

U= 3" {u (e - (1] + 1))
t=0

where

= ([ %]

is an aggregate of differentiated final goods purchased from the continuum of retail firms, in-
dexed by j € [0,1]. The function wu; (¢;) is strictly increasing and strictly concave, ¢ is a fixed
component of labor dis-utility.

The demand for each variety is determined by the intra-temporal optimal choice across goods
that implies that:

P\ °
%:(éﬁ . (1)
where
1 o-1 9?1
P, = V (Pj;) ® dj} : (2)
0
is the Dixit-Stiglitz price index. Each period, the household faces the following budget con-
straint:
wl ! +w!ll + (div?’ + div?) + Mbt_1 =c¢ + B
tot tht t (1 +7Tt>

where r;_; is the nominal interest rate, b, are bonds , m; is inflation, divi’f are the dividends
from the intermediary formal firms, and divY are the dividends from the monopoly firms. The
household chooses ¢; and b; that maximize their expected discounted utility, subject to their
budget constraint. The intertemporal first-order condition for this optimization problem yields
the standard consumption Euler equation:

uy (ct) = BEruy 4y (1) ( d+i) (3)

L+ men)’

where u} (¢;) is the marginal utility of consumption.
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2.2 Wholesale Firms

I assume that there are two types of firms in the wholesale sector: formal and informal. Whole-
sale formal firms produce a homogeneous formal intermediate good that is sold to retailers
at a competitive price p{ . The labor market in this sector is characterized by the presence
of search and matching frictions and staggered wage bargaining. On the other side, wholesale
informal firms produce a homogeneous informal intermediate good that is sold to retailers at a

competitive price p;. The labor market in this sector is fully flexible.

2.2.1 Wholesale informal firms (informal sector)

In the informal sector, each firm is composed of one worker. The total number of employed

workers in the informal sector every period is I} = [ I%,di. Firms are indexed by 1.

Every period, each firm in the informal sector produces output y}, using only labor. The

aggregate output of the informal sector is given by:

Yyt = 22l (4)

where z; is a common productivity shock, and z* is a parameter denoting the productivity
associated with workers in the informal sector. In(z;) follows a first-order auto-regressive process,

In(z) = p.ln(z—1) + €7, where &7 is an independent and identically distributed shock.

In this sector, workers are self-employed, and wages in this sector are equal to the marginal

productivity of labor:

wy = Py ()

2.2.2 Wholesale formal firms (formal sector)

The matching function

Wholesale formal firms produce a homogeneous formal intermediate good that is sold to retailers
at a competitive price p{ . In this sector, the number of hires is determined by a search and
matching process. Each period, the number of successful matches between firms that post
vacancies, vy, and unemployed workers looking for a job in the formal sector, [}, is determined
by the matching function:

m(ve, 1) = N(I)" (0)' 7", (6)

where N is a scale parameter that reflects the efficiency of the matching process, and (1 —p) €

(0,1) measures the elasticity of the matching function with respect to vacancies.



The probability to fill a vacancy, q(6;), is equal to:

g(6) = ") _ gy ()

Ut

where 0; = 7& is the labor market tightness in the formal sector.

t
Similarly, the probability that an unemployed worker find a job in the formal sector, p (6;), is
equal to:

(vta lf)

p(0) = o =N (@), (8)

Equation (8) implies that an increase in the number of vacancies with regard to the number of
unemployed that search for a job in the formal sector, increases the probability for an unem-
ployed person of finding a job in this sector. Indeed, any additional worker looking for a job
in the formal sector implies a negative externality for the rest of the job seekers. On the other
side, an increase in 6; decreases the probability to fill a vacancy. Both firms and workers take

q (6;) and p (6;) as given.

Assuming that firms in this sector are sufficiently large, ¢ (6;) represents the fraction of vacancies
that are filled in period ¢t. New hires do not become productive until the next period, due to

the time involved in finding and training them.

Therefore, the number of employed workers in the formal sector at time ¢ can be represented as

follows:

l:{ﬂ =1 =p) i +q(6:) v, (9)

where p is the exogenous destruction rate of formal employment.

Formal producers

In the formal sector, firms are indexed by 7. Each firm employs li; workers in period ¢ and also
posts v;; vacancies in order to attract new workers for the next period of operation. The total
i di. I

i it

number of vacancies and employed workers in the formal sector are v, = f; v di and lj; =

the search process is successful, the firm in the formal sector operates the following technology:

flf

ity

yz]:‘, = 2tz



where z/ is a parameter that represents the productivity specific to the formal sector. I assume

that labor productivity is bigger in the formal sector z/ > 2. y{l is sold to retailers at a price

v

The hiring rate F;; is defined as the ratio between the number of vacancies, v;;, and the number

of already hired workers 1/;:
Ut

Fir = .
i

Because of the staggered wage bargaining process, there will be a wage dispersion across firms.
As in Thomas (2008) and Gertler and Trigari (2009) I assume quadratic labor adjustment cost
in order to ensure an equilibrium where all formal firms post vacancies in the presence of wage

dispersion. This cost is given by:
K
57 alh

This labor adjustment cost is measured in terms of utility for the firm’s management. Then,
conditional on the current wage and employment, the present value of the flow of benefits Q%

for each firm in the formal sector can be expressed as:

_ fo.f fif K
Q% = max {pt Yir — wiplsy, — 9

kit,vit

i
s +Etrt.,t+1@fit+1,}

(o)

subject to the law of motion of employment in firm ¢:

Uoor = Q= p) Ul +q(8,) var. (10)

Tiigs = B° uu(i:)) is the stochastic discount factor between periods t and t + s. Firms choose
the hiring rate by setting a number of vacancies in a period. They maximize the present value
of the flow of benefits, )°;, taken as given the probability of filling a vacancy and the current
path of expected wages. In case the firm ¢ is able to renegotiate the wage, it bargains with its
workforce over a new contract. Otherwise, the firm sets the wage at the previous period’s level.

The first-order condition with respect to vacancies is given by:

kFit anqt+1
= E . 11
u/(c) q (Ht) tltt+1 6lift+1 ( )

The value of the marginal worker for the firm is given by:

2 o
r_ Q% — ol ! — w! KT 1— VET Q741
pymply — wi + 20/ (cy) +( P)EL 41 8l£+1

(12)

Therefore, the value for a formal firm of having an occupied job at time ¢ is equal to the marginal

product of a worker, minus the real wage that is set in time, plus the saving on adjustment cost,
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plus the discounted value of having a match in the following period. Combining equations (11)

and (12) yields the following condition for the hiring rate:

kFit ’ f f f KJ 122t+1
=pBFE ) —w?! R ok
q(6:) BE; {U (cev1) (pt+1mp 1~ Wiy + 20/ (corr)

)a-nge

which equates the cost of hiring a worker, discounted by the probability of filling a vacancy,

(13)

to the expected value of a match. The hiring rate thus depends on the discounted streams
of benefits from having a filled job plus the savings on adjustment cost. Note that the wage

wi’; set by the firm ¢ is the only firm-specific variable that affects the hiring rate F;; of the

firm. Consequently, all firms with the same wage wf are going to choose the same hiring rate,

independent from their respective employment size.

The dividends that the household receive from formal firms are equal to:
div%ﬁf = p{ysz - wzftlzft

Given constant returns to scale in production, it is possible to express aggregate output of the

intermediate good as:

1
ytf :/ zfztl{tdi = zfztl{
0

2.3 Retailers

In the retail sector, there is a continuum of monopolistic competitive retailers indexed by j
on the unit interval. Let y; be the quantity of output sold by retailer j. Retail firms use one
unit of an aggregate of intermediate goods to produce a final differentiated good using a one to
one technology. This aggregate intermediate good is a composite of formal and informal goods,

according to the CES aggregator:

~—1

it = [(yﬁ) i (y;w} o (14)

where 7 is the elasticity of substitution between formal and informal produced goods.

To determine the demand for y}; and yj, retailers solve the following minimization cost problem:

min piy}, + pl vl

subject to (14).The First Order Conditions imply:
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v ¥
F [ me y J = (mct> y
vie =\ — | e =) u
o pl ! pi

where mc; represents the real marginal cost of producing and additional unit of y;,

1

mey = {(Pf)kv + (pi)lﬂ} =

Total production of final goods, denoted with w; is the following composite of individual retail

goods:

e[ ]

where O is the elasticity of substitution between differentiated goods. In line with Calvo (1983),
retail firms can change its prices optimally every period with a probability (1-w?), and set a

price Pf. With probability w? the firm will set the price of the previous period, P,_;.

In the case that the firm has the chance to set prices optimally, it will choose the price that

maximize the present discounted value of the firm’s benefits, as follows:

max By i @) [+ 7™ Plyerose — MCiiopityeres)
¢ £=0

subject to the sequence of demand constraints:

P\ °
Yo/t = (Hie) Ytte- (15)

where y,4,/y and MCyyy, denotes, respectively, the output and nominal marginal cost in period
t + ¢ for a firm whose last reset of prices was in period ¢. In order to offset the distortion caused
by monopolistic competition in the retail sector and to ensure the steady state equilibrium is
optimal, I assume that the firm’s output is subsidized at the fixed rate ™ = %. The solution

to this maximization problem gives (see Appendix A2 for the derivation):

l1-—0o -0
foe) Y l(c P,
Py Ey 320 B (WP) (722) (ptjré) MCtyp

P, B, 8 (wp)! (%)17 (Pf,iz)l—e (16)
2.4 Value functions and wage settings in the formal sector
The present discounted value for a worker in the formal sector is:
Qf, = W];'Z{ + Eilt i ((1 — P)Q;, + pmax [@ﬁl,@hﬂ) (17)
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A worker that is hired in the formal sector receives w/. In the next period, she will continue
working in this sector with probability (1 — p), in which case she will obtain an expected value
of @/,,. The probability that a formal worker losses her job is p, in which case she will decide
whether to become unemployed or work in the informal sector. This decision will depend on

the max (@141, Qhpy]-

Additionally, the present discounted value for a worker in the informal sector is:

we
Q; = ?’:t + E’tl—‘t,t_,_l max I:Qiil7 Q;_"_l] . (18)
In this case, a worker in the informal sector receives wj”*. To for formal jobs, informal work-
ers have to become unemployed. Therefore, next period workers in this sector will become

unemployed or will continue working in the informal sector depending on the maz [Q}%,,Q},,].

Finally, the present discounted value for a worker of being unemployed is equal to:

= u,it) + Bl i (P(Qt) @fqtﬂ + (1 —p(6;)) max [Qﬁp@iﬂ]) ; (19)

where @;,t = fol Q/.di is the average value of employment in the formal sector. Unemployed
workers get utility from leisure ¢ and search for a job in the formal sector. The probability to
find a job in the formal is sector in period ¢ is p(6;) , in this case the will start working in the
next period and obtain en expected value Qfm +1- There is a probability (1 —p(6,)) that they will
not find a formal job, in which case they either will continue to be unemployed or will go to
work in the informal sector, depending on the maz [Q}%,,Q},,]. In equilibrium I have Q!* = Q.
It should be noted that the value of finding a formal job in the next period for a worker who
is currently unemployed is (@ffyt 4+1- This is because the unemployed worker does not know in
advance which firm would be paying higher wages next period. The unemployed agent can only

choose randomly among the formal firms posting vacancies.

The surplus derived by the worker at the firm paying a wage w7/, is denoted as H/,, and Hj;t

the average formal worker’s surplus conditional on being a new hire, this is

f —_nf l
Hit_@it_ t

A !
H;—',t = Qf]—‘,t - Q"
Worker’s surplus in the formal sector can therefore be expressed as:

WzJ; 14

P, u ()

H, = + Bl 41 [(1 — p)H,, —p(0) H;—',Hl} : (20)

Additionally, in equilibrium, the value of being unemployed, equation (19), should be equal to

the value of being informal, equation (18). This condition implies:
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! Yo
p(64) Etrt,t+1Hf’t+1 + r(c) = w, (21)

The opportunity cost of being in the informal sector, i.e the sum of the expected value of
searching for a job in the formal sector and the labor disutility, must be equal to the labor

income in this sector.

Finally, by making use of the hiring rate condition (13) and the relation for the evolution of the
workforce (10), the value to the formal firm of having a worker in period, JJ in equation (12),

can be expressed as follows:

Jh, = plmpt] —

Wzé Ii"/_'?t qf’Ut f
P 2u/(¢y) L=r= N Bl o415 (22)

3 Natural and Efficient Equilibrium

For comparative purposes, I consider both the equilibrium of the model under flexible prices
and wages, henceforth referred to as the natural equilibrium, and the social planner solution

that is referred to as the efficient equilibrium.

3.1 Equilibrium under flexible prices and wages

In this sub-section, I derive the three main equations of the model that govern the labor market

dynamics outside the steady state.

As in the conventional formulation, with period-by-period Nash bargaining, the wage is a convex
combination of what a worker contributes to the match and what the worker loses by accepting
a job, where the weights depend on the relative bargaining power. Therefore the first-order

necessary condition for the Nash bargaining solution is given by:

[1- ¢l =¢J/, (23)

where H/ and J/ are defined in equation (20) and (22) respectively. Given that all firms in
the model behave in the same way, they all set the same wages, which is why the subscript @

disappears.

Then, replacing the expressions for Hf and J/, and equation (21) into equation (23), I find that
under a flexible wage setting, all firms in the formal sector set the following real wage every

period (see Appendix A3 for the derivation ):

wf =wp = (a0t 570+ 2750) + 1-0) (35) - (24)
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From the equilibrium condition Q¥ = Q! in equation (21), combined with equation (11), gives:

kF0y & o8
vl T—a T wle >

Replacing (25) into (24) I obtain an expression for the average formal wage as a linear combi-

nation between the firm’s income from having a job filled and the outside option for workers:

wl =wl= ¢ (at + oy + ;,—get) +(1—¢) (u,(Ct)) . (26)

Replacing (25) into (26), I obtain an expression for formal wages which depends on informal

wages:

wf =wp = o (a+5705) +(1- ) (w) (27)

Differing from the case without informality, the outside option for workers depends on informal
wages. Therefore, after an adverse aggregate productivity shock, wages in the informal sector,
wy, will decrease, decreasing the outside option for formal workers and therefore increasing the
negative effect of the shock on formal wages. Additional to this, the effect of a productivity shock
on the labor market tightness is also going to be exacerbated by the presence of informality.
Indeed, the informal sector works as a buffer that absorbs workers in bad times, and vice-versa.
Therefore, after a negative productivity shock, a proportion of unemployed workers will move
to the informal sector, decreasing the probability of a formal vacancy being filled. This, in turn,
pins down the firm’s surplus and, therefore, the incentive to hire. The decrease in the firm’s

surplus will have an even larger impact on the bargained wage in the formal sector.

Finally, combining (26) with (13), which under flexible wages is the same as equation (38), it is

possible to obtain the following job creation condition:

/€]:t
q(6:)

= ﬁEt

W1 oy W41 wFP KFi41
1—p)u(c pl —Ympl} ;+——"— | +(1— 28
(1 —p)u(cr) (8y{+1 Plit1 — Oyt Dlit 2 (Ces1) ( P)q () (28)

where mpl}, ; is the marginal productivity of labor in the informal. The total wholesale output
is equal to o, = [(ytf ) = + (yz)”?l] - . Under flexible price and wage setting I have that prices

in the formal and in the informal sector are equal to the marginal increase in production due

to one unit increase in y/ and in y! respectively, this is: pf = ay’ and pi= 54

3.2 Efficient equilibrium

In this section, I consider the social planner solution. The efficient allocation will be the bench-

mark relative to which monetary policy outcomes will be evaluated.
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In a scenario of perfect competition in goods and labor markets, the social planner chooses the
state-contingent path of ¢;, I/, I* and v; to maximize the following joint welfare of households

and managers:

o0 , K
U, = E, ;ﬂt (ue o) = (i + 1) o= 57 ).
subject to the law of motion of employment and the aggregate resource constraint: I =
(L—p)lf +mu, 1), 1 =1+ 1] +12and y, = c,.

0
F=

with y, = |:<ytf> Ty W "and m(vg, 1%) = N (v,)' 7" (1#)*. The first-order conditions with respect

to v, f,, and I are given by:

[Ut] R <;);> = thmu (Ut7 l?) s (29)
t
2
f f_ / Oyt 41 8Z/tf+1 K [ Vgg1 g u

|:lt+1:| T =B |u(c) Foets g ) T Tl (1= p) —mue (vig1, 149)) | (30)

i1 Ol lia

. 9y dyt "
(1] U/(Ct)ay’ alf —p= thmlu (v, 1}, (31)
t

where m., (v, 1%) = (1 — 1) q (6;) and myu (vg, 1%) = pp (01). p(8;) = 0:q (6;) and 1—p = 2me 2 Y/ represents

dvy my

the social value of an additional worker in the formal sector.

Reorganizing and combining equations (29), (30) and (31), I obtain the following efficient job

creation condition (The algebra is given in Appendix A4) :

Iﬂ‘/]:t ’ 8yt+1 f 6yt+1 Ii]:t2+1 H]:t+1
= — u (c mpl — = m ll + — + 1-— 32
) B l( ) ' (cest) <8ytf+1 DPhia Oyt Pl 20/ (crr1) (I—p q(0ri1) (32)

Now it is possible to compare the efficient equilibrium with the equilibrium with flexible prices
and wages (natural equilibrium) found in the previous subsection. Notice that equation (32) is
equivalent to (28) when u = ¢, which means the elasticity of the matching function with respect
to vacancies (1 — ) is equal to the firm’s bargaining power (1 — ¢) . This is known as the Hosios
condition that is necessary to achieve constrained Pareto efficiency in an economy with search
and matching frictions (Hosios, 1990). This result implies that in the absence of wage rigidities,
in a New Keynesian model with dual labor markets, search and matching frictions, and an

efficient steady-state, it is possible to attain the efficient allocation with a zero inflation policy.

On the other hand, under the same framework with both price and wage rigidities, efficiency is

attained when both price inflation and wage inflation are equal to zero.
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4 Equilibrium under staggered wages in the formal sec-

tor

In an environment with search and matching frictions, wages are fixed through a negotiation
process between firms and workers. Once wages are set, firms choose the level of employment
that maximizes their benefit. I assume that only a fraction of firms in the formal sector is able
to renegotiate their nominal wage at period ¢. In line with Gertler and Trigari (2009) and Tomas
(2008), I assume staggered wage contracting, where every period, each firm in the formal sector
has a fixed probability (1 — w) of renegotiating salaries. When the firm has the opportunity to
renegotiate its nominal wages, it negotiates with both the existing workers and the new hires,
so that all workers in the firm receive the same wage. For the firms that can not renegotiate
wages, they will maintain the nominal wage from the previous period and new hires will receive

the same wage.

I denote Wz’:* as the nominal salary of a formal firm ¢ that renegotiates their wage in ¢. Given
the constant returns to scale, all firms face the same optimization problem. In this way, firms

and workers choose the nominal wage, WZ’;* that solves the following maximization problem:

maoc= 7] 1]’ @

it

subject to:

wi = WZ{_1 with probabitty w®
1t

Wi with probabirty (1 —w™)

where ¢ measures the worker’s relative bargaining power. The first-order necessary condition

for the Nash bargaining solution is given by?:

11— B! (Wf) = o0 (W]). (35)

I next characterize the relation between the contract wage Wt*f , and the evolution of the average

nominal wage Wtf across workers in the formal sector, which is given by:

2For simplicity, I assume that, in renegotiating firms, the match surplus is split in the same way as in the flexible-wage case,
same as in Thomas (2008).
By maximizing the weighted average of firm and worker surplus, the Nash bargaining solution is given by:

[1 = xeCwp?™)] B @) = xa(wp )0

I
where x¢ (wff*) = ¢/ ((i) +(1—-9) %ﬁt)) €t is the cumulative discount factor the workers use to value the contract wage

stream, while p (w{*) is the same for the firm. x (w?f*) is the relative share that depends not only on the bargaining power but
also on the horizon over which the worker and the firm value the impact of the contract wage.

I assume instead that firm and worker split the surplus as in the flexible-wage equilibrium.The results obtained by Gertler and
Trigari (2006) in a similar setting suggest that this "horizon effect" is unlikely to have an important quantitative effect.
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w/ = / Widi. (36)
0

Since the probability of a wage adjustment is assumed to be independent and identically dis-
tributed, and since all workers and firms that renegotiate wages in the formal sector negotiate

the same contract wage, so that W;* = W/* equation (36) can be expressed recursively as:
wi =1 —w W +urwf | (37)
Finally, the aggregate job creation condition can be expressed as follows:

Ii}—t
q(0:)

W/, KF? K F,
— BE.T / f lf M4 t41 1_ t41 38
BET 11 [u (c1) (ptﬂmp 1Py + 2u/(cr41) T p)Q(9t+1) (38)

4.1 The linearized model

In this subsection, I derive the log-linear approximation of the rational expectations equilibrium
around the efficient steady-state. In what follows, I denote Z; as the log deviation of variable
x; from its steady-state value x. I start by deriving the log-linear version of the three central
equations that govern labor market dynamics outside the steady-state: the relation for formal
wages, the job creation condition in the formal sector, and the equilibrium condition in the

informal sector.

In Appendix 5, I show that log-linearizing the first-order condition for the Nash bargaining in
equation (35), results in the following law of motion for the average real wage in the formal

sector:

b = Yf + 1 B, (@{H + 7ATt+1) + (1@{71 - ﬁt) , (39)

where

P = [Taat Yot + Tr (2ﬁ - ﬁ’(c))} (40)

is the the real formal wage that would arise under period-by-period Nash bargaining. T, = %

wf
Tr= #fic), Yo = %5, and ¥, +¢1 + 92 = 1. Due to staggered wage negotiation the average formal
wage, @], depends on its lagged value, @/ ,, as well as on the expected future wage, E,if, .
Under flexible wage setting, where w* = 0, both ¢; and 1, become equal to zero, and 1, becomes

equal to 1, and thus @] = @?.

Additionally, log-linearizing the aggregate job creation condition, equation (38), yields:

fa N 1 N “ fay N 1 N
<ft — q{) = W (aat_,_l — U]UJ{+1) + Fft_t,_l +T (1 — p) qtf+1 + Et (CL — w) W’U/(Ct-‘rl)' (41)
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Finally, log-linearizing the equilibrium condition in the informal sector, equation (21), yields
(see Appendix A5 for details):

w
w

Ethwa (]}t —+ ét — 'ELI(Ct) — Ali
v

e[y — o] ) = woi + _2si) (12)
where A = %u (I‘{’—ﬁ; + 1).

To gain some intuition, I next express the job creation condition (41) and the equilibrium

condition in the informal sector (42) in terms of the inefficient fluctuations on the marginal cost

} (43)

Ei [Twt+1 — e (44)

and on the formal wage gap, as follows (the algebra is given in Appendix A6 ):

y—1

N ~ ~r I\ " . Sw ~o -
sitse (et Fu) = 0T] = B, {ﬁ {(yy) e + gt (00 — )

w

P28y (2 AN ausm (Y WT_IL“A 1428, w
o (Fir ) ”t<y) T ) S T

kT2
sF2f

u’(c)e

fif - .
where s, = = is the steady-state formal labor income share, and s, =

is the vacancy
posting cost in consumption units as a fraction of total consumption. th is the social value of
an additional job in the formal sector, whileY" is the social value of an additional worker in
the informal sector. In equation (43), the LHS represents the difference between the marginal
cost for a formal firm of adding a worker and the social value of an additional job in the formal
sector. This difference depends on the expected fluctuations in the marginal cost and on the
formal wage gap. In the same way, the LHS of equation (44) represents the difference between
the social value of an unemployed worker and the social value of an additional worker in the
informal sector. This difference also depends on the fluctuations in the marginal cost and on the
formal wage gap. Under the social planner solution, found in subsection 3.2, both differences

are equal to zero.

The Phillips curve, wage inflation equation and IS curve

By log-linearizing and combining equation (16) and (2) it is possible to obtain an expression of

the price inflation that is known as the Phillips curve (see Appendix A7 ):

il = Kpa (micy) + BB (45)

_ (1—wM)(1-w’B)

where r,, o
In order to obtain an expression for the wage inflation I start from the expression: @/ — @/ | =
7wt — 7. Real wage inflation is equal to nominal formal wage inflation, minus price inflation.
Combining this expression with equation (39) I obtain an expression for the nominal wage

inflation as follows (see Appendix AS8):
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B % (w;’ —wf ) + %Et (Twts1) (46)

vo _ 1-w*) o _ (1-p)é
Where P2 ww(1+(1—p+p%)wwﬁ¢)7 P2 1+(1—p+uﬁ)wwﬁ¢7

According to equation (46), wage inflation depends on the gap between the target and actual
average real wages (wg — o ) This equation implies that, if actual real wages @/ are below
(above) their target @y, renegotiating firms will increase (decrease) their nominal wages, resulting
in a positive (negative) wage inflation. Consequently, an aggregate productivity shock in the
economy will affect @w¢, and formal real wages will converge slowly towards their target levels.
In this case the gap (wg - wg) # 0 generates an inefficient wage dispersion that translates into

hiring rate dispersion in the formal sector.

Additionally, replacing (??) into (44) and reorganizing yields:

- . 1\ . o ) N
glflf + quly — (1 — ;) 2 = mcyy <l{ — l{_l — T{_l) + Do By [Tt i1] + Mo (w,{ — wt) (47)

Finally, by log-linearizing the Euler equation, equation (3), I obtain the following expression for

the IS curve:

Ut = Bt (G141) — 0 (it — Eymeqn) - (48)

5 Optimal Monetary policy

In order to analyze the optimal monetary policy in an economy with informality, I derive the
second-order approximation of the welfare criterion, which will be the objective function in the
central bank’s optimal monetary policy problem. To keep the analysis simple, I assume that
the steady-state of this economy is efficient. It implies that the Hosios condition holds (p = p)
and that there is a subsidy to monopoly firms (finance by a lump-sum tax to the same firms)

that eliminates the monopoly distortion.

In Appendix A9, I show that the second-order approximation of the household’s welfare can be

written as follows:
S0 B = — S B L, 4 tpi 4+ O3
where
Ly =V m2 + Uppm2, + L0 (49)
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with

£t = (071 = 1) 97 + 25, [103 + FP] + 0y (Z{)2 0y, (})2 ,

1—v 1—~
2 weo 1—w¥)(1—Bw®™ — I,h
Ur = & Uy = 524, h = B0, Tu = 57 0y = () " andw, = ()" . £
measures the success of monetary policy in stabilizing output and labor market variables around

their efficient steady-state value.

Notice that in the case of a logarithmic utility function, o = 1, and taking into account that the
steady-state is efficient, the value of £} does not depend on output, and the efficient allocation
of employment remains constant after an aggregate productivity shock. In this specific case, the
variables in L; would be measured in terms of deviations from their efficient values. Hereafter

I assume o = 1.

From equation (49), it is possible to observe that welfare is decreasing with price and wage
inflation volatility. Under this framework, price inflation causes inefficient dispersion on prices
across retail firms, and in the same way wage inflation generates inefficient dispersion on wages
across formal firms3. Welfare also decreases with output and labor market tightness volatility.
Indeed, the composition of total production between formal and informal goods can be inefficient
if the labor market tightness in the formal sector differs from its efficient value. Additionally,
since the utility cost of hiring is convex in hiring rates, dispersion in F increases the welfare
cost involved in job creation in the formal sector. Finally, inefficient fluctuation of formal and

informal employment also decreases welfare.

5.1 Policy trade offs

From the Phillips curve in equation (45) , the wage inflation (46), the hiring rate condition in
the formal sector (43) and the equilibrium condition in the informal sector (44), it is possible

to notice that the monetary authority faces several stabilization goals.

31 show in appendix A5 that is is possible to express the hiring rate as follows:

By [Fu (i) = Fo (wi!)| = —wrm gy 05" —w}7].

Co . . . S 2 .
This implies that wage dispersion creates dispersion in hiring rates: var; (]:it) = (www%) var; (wft’f *)

2
var (]:—”) - (%) var; (wﬁf*)
var; (Fir ) = B2var; (00"
z( zt) 7,( it )

Since the utility cost of hiring is convex in hiring rates, dispersion in the latter increases the welfare cost
involved in aggregate job creation. Thomas (2008)
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I first consider equations (45) and (46)
il = Kpe (Mict) + BEfii

_ P
Vs

Tawt

(zbf — w{) + %Et (Twt+1)

After an aggregate productivity shock, wy will be immediately affected. Because of the presence
of wage rigidities, formal real wages will converge slowly towards their target levels. In this case
the gap (wg—w{ ) # 0 translates into formal wage inflation that results in inefficient wage
dispersion. By completely stabilizing inflation, 7/ = 0, the central bank is not able to close the
gap between actual and desired wages in the formal sector. It follows that the central bank

faces a trade-off between price inflation and wage inflation in the formal sector.

I next consider the job creation condition in the formal sector, equation (43):

1

A

Yy A Sw ~0 ~f

— mc 1—1—7(111 —w ) .
<y> e T +”

Notice that when (mg — o] ) # 0, the job creation condition is inefficient, ﬁsv (uét +]f"t) £

Sy (Mét + ﬁt) - Tf’f{ =E {5

p(1—p)

T/T!. As a result, formal employment, that is driven by the aggregate formal hiring rate, is

also distorted.

Analogously, from the equilibrium condition in the informal sector, equation (44),

y—1
2s A N . LN L 2s w®
Gy (Freo) 0T = (%) et o g AT g B e = el

the optimal composition between unemployment and informal employment is inefficient when
(w,? —@f ) £0.

Therefore, under this framework, both price and wage inflation generates a distortion in the
formal hiring rate, as well as in the optimal composition between informal employment and

unemployment. As a consequence, the Central Bank also faces a trade-off between price inflation

and unemployment.

Equations (43) and (44) also indicate that by stabilizing a weighted average of wage and price
inflation, instead of aiming only to stabilize price inflation, it is possible to reduce the inefficient
fluctuations in the formal hiring rate and in unemployment. Under a flexible wage setting in
the formal sector, @/ = @¢, along with a zero inflation policy that would make mic,y; = 0, it is
thus possible to attain the efficient job creation condition and an optimal composition between
informal employment and unemployment. However, in the presence of wage rigidities it is not

possible to have @/ = @¢ and mic,.1 = 0 at the same time. The presence of this formal wage
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gap generates inefficient fluctuations in the formal hiring rate and in the informal employment,
and therefore on unemployment. The higher this formal wage gap the higher the inefficient

fluctuations in unemployment.

Notice that the size of the wage gap is mainly determined by the effect of the aggregate pro-
ductivity shocks on w¢. Equation (40) shows that the target wage in the formal sector, Wy,
depends, apart from productivity, on the informal wage (the outside option ) and on the hiring
rate (which depends on the labor market tightness). After an adverse aggregate productivity
shock, the decrease in both variables is bigger than in the case without informality. On the one
hand, the outside option decreases with the shock. On the other hand, a proportion of workers
who lose their job in the formal sector are going to move to the informal sector. As a result,
the increase in unemployment is lower (or even could decrease given that the informal sector
is completely flexible) in the presence of an informal sector. This buffer effect of informality
on employment decreases the probability that a formal vacancy will be filled, pinning down the
formal firm’s surplus and therefore their incentive to hire. The decrease in the firms surplus

will have an even larger impact on wy.

As a result, for a given level of inflation, the wage gap (ﬁ)t" — u?f ) is larger in the presence of an

informal sector. On that account, the inefficient fluctuations on the labor market variables such
as labor market tightness, hiring rate, formal and informal employment, and unemployment are
also larger. It follows that the trade-off between price inflation and unemployment faced by the

Central Bank increases in the presence of an informal sector.

5.2 Responses Under Optimal Monetary Policy and Quantitative
Analysis

In this section, I use numerical methods to characterize the optimal monetary policy with
informality. For simplicity, I focus only on the volatility generated by exogenous aggregate

productivity shocks.

Calibration

This section describes the calibration of the parameters of the model. The model is calibrated
at a quarterly frequency for the Colombian economy. Some parameters are standard in the
business cycle literature. I set the quarterly discount factor 5 to 0.988, I also choose a standard
value for the intertemporal elasticity of substitution o = 1. Following Restrepo-Echavarria
(2014), T assume the elasticity of substitution between formal and informal inputs equal to 8,

v = 8 . In this paper, she argues that formal and informal goods are close substitutes and
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describe the kind of goods sold in some informal markets of large metropolitan areas in Latin

America with attributes similar to those found in formal markets.

Based on most of the existing literature, where the bargaining power has typically been set
either to satisfy the Hosios (1990) condition or to achieve symmetric Nash bargaining, in which
the surplus is equally shared, I set the worker’s bargaining power parameter, ¢, and the elasticity
of matches with respect to vacancies, i, to both be equal to 0.5. This assumption ensures the
efficiency of the equilibrium in the flexible version of the model (Hosios, 1990). Additionally,
since the inefficiency generated by the existence of monopolistic competition is off-set by a
subsidy, the steady-state of the benchmark model is also efficient. I set the probability w? that
a firm does not change its price in a given period at 0.7, and the probability that a formal firm
does not change its wages in a given period, w", is assumed to be equal to 0.8. The markup of
prices on marginal costs is assumed to be on average 20 percent. This amount is obtained by

setting © equal to 6.

I calibrate the rest of the parameters such that the steady-state of the model matches the long
term properties of the data. Particularly, based on the information from the Colombian System
of National Accounts (SNA) I want to replicate an unemployment rate of 13,2% and a share of
informally employed workers equal to 48%. The wage gap between the formal and the informal
sector is set to 30% as found by Ramos et al. (2009). Based on the work of Morales et al.
(2019), I set the job destruction rate in the formal sector at 9%. Finally, I set the probability
of filling a vacancy at 69% based on the findings by the Labor Observatory of SENA (National
Service of Formation and Training) for the period 2007-2012. See table 1 for a summary of

parameter values.

Table 1. Parameters for the baseline economy

Description Symbol Value
Discount rate 15} 0.988
Intertemporal elasticity of substitution o 1
Elasticity of substitution between formal and informal inputs ~ 8
Elasticity of substitution between varieties G} 6
Bargaining worker’s power 10) 0.5
Elasticity of matches with respect to vacancies n 0.5
Probability that a formal firm does not change its price wP 0.7
Probability that a formal firm does not change its wages w® 0.8
Adjustment cost parameter K 14.2
Efficiency parameter of the matching function N 0.43
Separation rate of formal employment p 0.09
Unemployment Benefit %) 0.196
Formal labor productivity 2t 1
Informal labor productivity 2" 0.66

Note: quarterly data
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Optimal Monetary Policy under Commitment

I start the quantitative analysis by simulating the behavior of the decentralized economy when
the central bank implements the optimal monetary policy in an economy with and without an

informal sector.

At time 0, the central bank chooses the state-contingent plan that minimizes:
Z:o:o BW L =~ Z:.;O B L(QC)CLt +tpi+ O3,

with
Ly = Uom} + Urymay + E?h’

Lyt = (o7t —1) g2 + 250 [uéf +J1‘t2] + W,y (Z{)Q + Wy (l})Q :

subject to the Phillips curve, equation (45), the law of motion of labor, equation (9) and the

equilibrium condition in the informal sector, equation (44).

To better understand the effect of informality on optimal monetary policy design, I compare the
predictions of the model against the case in which there is no informal sector in the economy,
in which case I assume 2' = 0. Figure 1 shows the Impulse Response Functions (IRF) of all the
variables in L; and the interest rate in response to a 10% negative productivity shock under the
optimal monetary policy. Relative to the situation without informality, the optimal response of
inflation is much larger with the presence of informality, while the optimal response on output
and wage inflation is lower. In response to a negative productivity shock, only a fraction of firms
in the formal sector is able to adjust their nominal wages. This rigidity generates a gap between
the actual and natural formal wages that translates into wage dispersion and inefficient job
creation in the formal sector (therefore inefficient unemployment). Consequently, by controlling
the inflation rate, the central bank is able to affect the real value of nominal wages and then
bring real formal wages closer to their flexible-wage levels. The presence of an informal sector
requires a higher adjustment on inflation in order to reduce this gap. The trade-off between

price inflation and wage inflation increases in the presence of an informal sector.
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Figure 1. Impulse response functions to a 10% negative aggregate productivity shock

under the optimal policy
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I found that the contribution of wage inflation volatility to the welfare loss, relative to the

contribution of inflation ‘I&}’:, is lower in the case with informality. This result is explained by
the fact that in the presence of informality, the proportion of firms facing wage rigidities is lower.
It means that with informality, the optimal policy will result in a lower price inflation volatility
for a given level of wage inflation volatility. Additionally, the presence of an informal sector
also increases the effect of an aggregate productivity shock on formal worker’s target wage, thus
generating a larger dispersion in wages after a productivity shock. Due to the welfare cost of
high wage dispersion, the Central Bank has to move further away from a full-price stabilization

policy in order to reduce the gap between the target and actual formal wages.

Table 2 shows the standard deviation (relative to the standard deviation of output) of price and
wage inflation, output, employment, and unemployment under the optimal monetary policy,
for the case with and without informality. The optimal volatility of inflation is about four
times higher for the case with informality. This result suggests that for emerging countries,

characterized by the presence of a large informal labor market, it is optimal to allow more

inflation volatility.
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Table 2. Relative standard deviations under Optimal

monetary policy: with and without informality

" =0.48 "'=0
Standard Deviations®
Price Inflation 0.0415 0.0128
Wage inflation 0.0904 0.0930
Output 0.1944 0.1944
Formal employment, 0.1206 0.0204
Informal Employment 0.2399 -
Unemployment 1.0311 0.0600
®The standard deviation of output is expressed in absolute terms. The standard

deviations of all other variables are divided by the standard deviation of output.

Zero inflation and Taylor Rule policy

To illustrate the implications of the trade-off faced by the central bank, I analyze the behavior
of the decentralized economy when the monetary authority implements a policy of full inflation
stabilization and a standard Taylor Rule. I then quantify the welfare loss from a zero inflation
policy in a framework with real wage rigidities and the presence of an informal labor market.
Figure 2 plots the response of the economy to a 10% negative productivity shock under a zero
inflation policy. The decrease in the aggregate productivity reduces target wage in the formal
sector, wy, via a fall in the marginal product of labor, and through a decrease in informal wages
and on the labor market tightness. As wy falls, nominal formal wages in renegotiating firms will
fall. Notice that the decrease in wage inflation is bigger in the presence of informality, as well

as the fluctuations in the rest of the labor market variables.
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Figure 2. Impulse response functions to a 10% negative aggregate productivity

shock under a zero inflation policy
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Table 3 shows the standard deviation of wage inflation, output, employment, and unemployment
under a zero inflation policy, for the case with and without informality. Comparing the results in
table 3 and table 2, we see that under a zero inflation policy, wage inflation, formal and informal
employment, and unemployment are much more volatile than under the optimal monetary
policy, especially for the case with informality. By allowing some price inflation, the Central

Bank is able to significantly reduce the inefficient fluctuations in the labor market variables.

Table 3. Relative standard deviations under zero

inflation policy: with and without informality

I*=0.48 '=0
Standard Deviations®
Price inflation 0 0
Wage inflation 0.1362 0.0990
Output 0.1753 0.1947
Formal employment 0.7191 0.0228
Informal Employment 0.8614 -
Unemployment 1.5564 0.0671

®The standard deviation of output is expressed in absolute terms. The standard

deviations of all other variables are divided by the standard deviation of output.
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Table 4 shows the standard deviation of price and wage inflation, output, employment, and
unemployment when the Central Bank follows a Taylor Rule. I consider three different Taylor
rules. The first rule considers a response of the interest rate to inflation of 5 and the response
to output of 0.5 (7 = 5m; + O.5yA). The second rule considers a response of the interest rate
only to inflation of 5 ( = 5m;). Finally, the third Taylor considers a response to inflation of
5 and to unemployment of 1.5. In all cases, the volatility of unemployment is higher in the
presence of an informal sector. Particularly, under the first Taylor rule that responds to output
the volatility of price and wage inflation, and the labor market variables are much higher for
the case with informality. In this model, a policy rule that targets output at the extent of wage
inflation generates too much volatility in unemployment. This is more the case in the presence
of an informal sector. By targeting only inflation or inflation along with unemployment, the
central bank is able to considerably reduce the labor market volatility. A policy rule that targets
unemployment, can considerably reduce unemployment volatility in the presence of informality.

However, this is at the cost of more inflation volatility.

Table 4. Relative standard deviations under a Taylor Rule and Optimal Policy:

with and without informality

iy = by + 0.57, i =bm iy = by + 1.51% Optimal Policy
'=048 | I'=0 |I'=048 | '=0 | I'=048 | I'=0 | I*=0.48 "=0
Standard Deviations
Price inflation 0.1640 0.1426 0.0123 | 0.0191 | 0.1040 | 0.0170 | 0.0415 0.0128
Wage inflation 0.2549 0.1121 0.1428 | 0.0969 | 0.0461 | 0.1034 | 0.0904 0.0930
Output 0.1901 0.1918 0.1672 | 0.1944 | 0.1905 | 0.1950 | 0.1944 0.1944
Formal employment 3.2293 | 0.0298 1.0053 | 0.0221 0.0932 | 0.0246 | 0.1206 0.0204
Informal Employment 4.1206 - 1.2146 - 0.1195 - 0.2399 -
Unemployment 9.2823 0.0878 2.3402 | 0.0651 | 0.2811 | 0.0725 | 1.0311 0.0600

@® The standard deviation of output is expressed in absolute terms. The standard deviations of all other variables are divided by the standard deviation

of output.

Welfare loss analysis

In line with Tomas (2008), I also consider a simple targeting rule that stabilizes a weighted
average of price and wage inflation, with the same relative weights as in the welfare loss function.
It writes:

\I/ﬂ' f \I/ﬂ'w

ww =0
Vo Uy T, 0,

Table 5 shows that any deviation from the optimal monetary policy under commitment generates

higher welfare losses in the presence of informality. This results in wage deflation and thus
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inefficient wage dispersion. A full inflation stabilization policy induces a substantial welfare
cost under a staggered wage setting and in the presence of an informal sector, due to the
excessive variation in nominal formal wages and unemployment. The welfare loss from a full-
price inflation stabilization policy, compared with the welfare loss under the optimal policy, is
much bigger for the case with informality. The welfare loss under the zero inflation policy is
about 2.8 times as large as under the optimal policy, while for the case without informality the

welfare loss under zero inflation is only about 0.08 times as large as under the optimal policy.

On the other hand, a simple targeting rule that stabilizes a weighted average of formal price
and wage inflation, which is ¥,x{ + U, ow ¢ = 0, is more welfare-enhancing than a zero inflation
policy. However, differing from the results in Thomas (2008), where this rule performs almost
as well as the optimal policy, in the presence of an informal sector this rule also generates
significant welfare losses. By comparing equations (43) and (44), one can observe that the
weighted average of price and wage inflation in the RHS of equation (43) is not equal to the
weighted average of price and wage inflation in the RHS of equation (44). As a result, a simple
targeting rule that stabilizes a weighted average of price and wage inflation is not enough to

stabilize the formal hiring rate and the informal employment at the same time.

The last two columns of Table 5 show that for the case where there are not wage rigidities,
w" = 0, and the economy’s steady-state is efficient, the Central Bank can replicate the efficient

equilibrium with a full price inflation stabilization policy, even in the presence of informality.

6 Conclusions

In this paper, I analyze the optimal monetary policy in the presence of informality. I develop
a closed economy model with nominal price and wage rigidities, search and matching frictions,
and a dual labor market. I found that in the absence of wage rigidities and under an efficient
steady, state full price stabilization is optimal in the presence of an informal sector. In a more
realistic scenario, where both price and formal wage rigidities are present, a trade-off between
inflation and unemployment emerges. I compare the predictions of the model against the case
in which there is no informal sector in the economy. I found that the trade-off between price

inflation and unemployment increases with the presence of an informal sector.

Under this framework, the optimal monetary policy with informality features significant devi-
ations from price stability in response to productivity shocks. In the presence of informality,
formal wages are more responsive to productivity shocks. Therefore, after an aggregate produc-
tivity shock, the adjustment on wages for those formal firms that are able to reset their wages
would be larger, thus generating a higher dispersion on wages in the formal sector. This wage

dispersion translates into inefficient fluctuations in formal and informal employment and thus
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on unemployment. Therefore, by controlling the inflation rate, the central bank is able to affect
the real value of nominal wages and then bring real formal wages closer to their flexible-wage
levels. The presence of an informal sector requires a higher adjustment to inflation in order to
reduce this gap.

To illustrate the implications of the trade-off faced by the Central Bank, I analyze the behavior
of a decentralized economy when the monetary authority implements a policy of full inflation
stabilization. I found that the welfare loss under the zero inflation policy is about 2.8 times as
large as under the optimal policy, while for the case without informality the welfare loss under
the zero inflation policy is about 0.08 times as large as under the optimal policy. These results
show that a policy designed to minimize inflation volatility can generate significant welfare
losses in the presence of formal wage rigidities and informality, as is the case for most emerging

countries.
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Appendix Al : Steady State and log-linearized equations

Steady State

1O0)F =p
m(v, 1*) = N(1*)" (v)' "
q(0) =N(@6)™"

i = BB () (a—w!) + 572+ (1= p)icy
KkF0

— T _ P
wle) — (w u'<c>)

wl = ¢ (a+5:55) +(1-9) ()

w' =p'2'z
T
Y= z2'l

v
y= o) T +a-am= |
yl = (,%f)vy
yl =

Y
1
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log-linearized equations

gi=%+1

wy = Py + 2

ol =2+ 1/

a =7 + 9 —1f

U =

gt = v (mey — pi) + B¢

g){ = (mee —pf) + G

Ui = Uy’ + Uyt where U, = (%)T Wy = (%)T
me = ([QL) + (1 — ) (91)

il =0 +a(0) F (d(0) + )

Q(6:) = 1 — o

0=y + 0+ 11

Fi=1t,—1If

0= Etft,t+1 + 0 — Toq1,

Etft,t+l = xt~|>1 - S\t

W(c)=—L¢ =X\

(ft -q (9t)) =g (adtJrl - wfwfﬂ) +TF 1 +T (1= p) G (0r41) + Er (@ — w) 770/ (ci41)

WY = ¢{X¢mg%rf<zﬁgwywn }+ (1 - ¢) (Tt

EJM@H%@+ﬂfW@QfA£;ﬂPﬁHfﬁ+mHD:w%ﬁw&ﬁ%)

W] = ol + 1 By (w{H + 7Tt+1) + 92 (wil - Wt)
T = knicy + BBy
TI}{ = ’12}7{_1 + Twt — Tt

2{ = pggg:l + 5{-

Appendix A2: Price settings

Total production of final goods in the informal sector, denoted with y{ is the following composite

of individual retail goods:
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=[]

In the case that the firm has the chance to set prices optimally, it will choose the price that

maximize the present discounted value of the firm’s benefits, as follows:
o0
77})6}30 Ey Z Ft,tMWe [Pt*ytJré/t - MCtH/tZ/ZH/J
¢ £=0

subject to the sequence of demand constraints:

£\ —©
P
Ytte/t = (Pt-s-e) Yite- (50)

The maximization problem can be written as follows

o . Pt* -0 Pz* -0
max E Tyt owyiye | PY ( ) —(1=7"™)MCyyy ( )
pf Zz:% * * ¢ Py e/ Py

The FOC wrt p; writes

=0

oo
¢
£, Z Ft,t+£w Yt+e

pr\"° P\
(1 - 9) ( ¢ ) + @(1 - Tm)MCt+e/t (t )
= Py

Py Piye

oo -0 , p \1-© o1 — +m oo -0 , p \1-©
(PO)° Efzﬁewe <ﬂ> ( - > PP = -t (Pr)~° Etzﬁe“’e (Cti> ( - ) PPMCyye/t

=0 ct Pre (1-9) =0 et Prte

l1—0 -0
P MC
(1 —-7m) By 37 B (%re) (Ptiz) P bt

VARS (1-0) B 2, Blw! (Cgf)ko (pie)k@

Divining by P;, and with p; = %t:

l—0o -6
(__)(1 o Tm) Et Zzo ﬁéwé (th%g) (Pf:—f) et

*_

pt - ( — _
1— @) o 1 1-©
e b cre P
B3 emg B ( o ) (Ptiz)
-0 -
. E: >0, Blwt (LC':Z) (P}:'_Z) mctiy
Py = = - o 0 ( Ciae -0 P, 1-©
SR s () (5h)

Finally, the general price index in the formal sector is equal to:
P= (w(P)' "+ (1 —w) (7)) 7.
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dividing both sides by P,

1

1= (w(m) ™+ -w) ) °) 7

Appendix A3:Wage bargaining under a flexible wage setting
mcac= 4] [wl]’ 2

subject to:
Wif _1 with probabitty w*
Wi = /I . . (52)
W™ with probabirty (1 —w™)

(23

Given the equation the surplus of the workers and the firm that re-negotiate wages can be

expressed as follows:

EtFt,H»l |:p (gt) H_J;:,t+1j| = wz —_ (pt

w'(c)
f wtnf* Pt f f
;= '3 - w'(c) + Eil't 41 [(1 - p)Hit+1 —p(6) H}-,t+1 (53)
/{.7:1-2
Th=ar - i+ 2u/(Ctt) + (1= P)Bilua1 (54)

The first order necessary condition for the Nash bargaining solution is given by

1 - @) H] (") = ¢J] (i) (55)

Replacing (53) and (54) into (55) obtain:

w?f* o B KFZ KkFy
(1-9) ( PRI + Bl ipq [(1 —p=p (et))H{tﬂD =¢ <at —wh + 20/ (cy) +(1- p)u’(c)q(9)>

nf* 2
w' KF5 KF0¢ 7 oy
SRl CRE - AL €c)

nfx 2
IUt :¢<at+ H]:it +I€]:t0t)+(1—¢)<wz—’%]:t9t d) )

Pt 2u'(cy)  u'(c) w(c) 1—¢
w !t 5F N L ,
e ¢(at+2ul(6t)) +( 7¢) (wt)
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Appendix A4 . Efficient Equilibrium

The social planner chooses the state-contingent path of ¢, If, I" and v; to maximize the joint
welfare of households and managers, subject to the law of motion of employment and the
aggregate resource constraint:i/,; = (1 — p)if +m(v, 1), 1 = ¢ + 1 +1},and y, = ;.

0
=1

with ¢, = {(y{) 4 wH 7 | and m(v,,1%) = N (v)' ™" (1)*. The first-order conditions with respect

to v, 1., and I are given by

,
[ve] K (ZJf) =T/ m, (ve, 1}") (56)
t
2
{l } Y/ = Dyer1 0yl K[ Vg1 f u
t+1 ¢ B v (ctq1) 7 5|7 +Tt+1 ((1 p) — miu (Ut+1alt+1)) (57)
i1 Oliy 2 \ Ul
,L 9y 0 .
(e )ay azzjf — o =T mp (v, 1Y) (58)

where my, (vg, 1%) = (1 — p) q (6) and myu (v, 1) = pup (6;), p () = 0,q (6;) and 1 p = 2 2. YT is known

Ove my

as the social value of an additional worker in the formal sector.

i = T and w/(e) g5 — ¢ = T/ (ma(v, 1)) into (57)

I obtain the following expression for the efficient job creation condition:

reorganizing and replacing s ( >

vt 1 , Oyt ! K [ V41 f u
" u'(ct41) Empl —etg +T (1= p) + ma(vit1, 1) (—1)
( > T-wa { aym Pt i i ( £1)(=1)

2
vt 1 , K [ vt41 Ut+1 1 / Ay Oyia
k| —= =08 |u(c 1) mpl -+ - +K —— (1 —p) — | u'(ct41) -
(zf) (1—ndf Ty T 2\l i A= ma " T

Ii}—t ’ 8yt+1 f 8yt+1 Ku]'—H_l Kft+1
= 1—p)u(e ——mpl mpli g+ ———— |+ (1 —p) ——— 59
q (Ht) 5 ( /’L) ( t+1) <8yg+1 t+1 ayz+1 t+1 2 ( t+1) ( p) q (0t+1) ( )

Appendix A5: Wage dynamics in the formal sector under staggered

wage bargaining
The worker’s surplus can be written as:

* wtf* *
B (wf*) = 5= = g0 + BTy { (L= B (w]5)) —p (0) B

+(1 = pw® |:Htf+l( nf*) - t+1(w?+fik)} } (60)

the term F [Htﬂ(w?f*) Htﬂ(wtﬂ)} writes as follows:
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nfx wnf*
W

H{H( ?f*)_ t+1(wt+1):| =k Pt Pii1

+(1 = p)w Erl'y 42 [ t+2(wtnf*) - t+2(wﬁff ]

log-linearizing this equation and iterating forward, we have:

E; {Htﬂ(w?f*) H{+1(wt+1 )] H/ = Eyw! {wt I w?—{ﬂ
nfx

+(1 = P HITE, [Hua(w)’) - B, (wf})]

B By ) ~ B D] =
BB (1 T [0 —apfi]

By (B, (wp) — B (wpf)| = % ap T — o} ]

- _
with w P " and e = T=A—p)o"]

In this way, the complete loglinearization of:(60) takes the form:

B/ (wf*) = wiof” =ty + B0 { (1 = DB/ HL (wf5) = p O) B (5(0) + Hron)
+<1 - ) wHf [Ht+1(w?f*> Hfﬂ(“’fjf)} } + [( - P)Hf -Dp (0) Hf] ft,t+1
- * wf A~ fx w A~ fx ~ fx A
I (w]*) = &5 ( [* + (1 - p)w®el {wf — w7 —7Tt+1D — i
+EX{ (1= p) (Bl (wf21) + Do) =2 (0) (B(0) + B + D) §

where ht = % With p(9) H/T (ﬁ (et) + Hf7t+1 + f‘t,t—l—l) = (w’uﬁ — flﬁt), I have:

0 * f ~E w NS F
HY (wf*) = e (wf + (1 = p)w™el’ {wt wtf+1 - 7Tt+1})

— g (wri) + B { (1= p) (B, (wff)) + Tun ) |

(61)

The producer surplus writes as

f wil ok 2 1 f ¥
Jt = a¢ — pL - 2 T + (]. —p + qf]-'t (wf )) Etrt7t+1Jt+1
t

f nf* _ o wpt 2
J = a¢ Pt ‘Ft u’(c)

+ (1 —p+ad'F ( )) Eilt 441 [w Jt+1 ( nf*) + (1 —w?f) th+1 (wfﬁ)}

nfx* nf
H (") = o= 25+ 57ty
nfx

+ (1= p) BT a1/ (wt+1

+ (1= p)w Bl 141 [th+1 (w?f*) - th+1 (wﬁf)}

The term E; |Jf,, (w)™) — /. (w}l; } can be written as follows:
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By [ p”) = T it =

wpd* t w?f; K nfx* nfx*
- [ ;}t pf’T - pt11:| + 2u’(c) |:‘Ft+1(wt )2 — ]:t+1(wt+f1)2} (62)
+
0 (1= p) Bl va [ Hya (0} ") = Ha(wid])]
2 | Jey2 t+2\ W41
From BTy 1 J/,, = u"zf)tq - I can obtain an expression for F, (w{‘f *) - F (wt"ff )

nj*x nj* R nJf*x

By pqw® [th+1 (wt d ) —Jiu (th)] = {]:t (wtf ) Fi (wt+1)} : (63)
u'(ct)q

replacing (63) into (62) and iterating forward I obtain

B [ ) = s ld)] = =2 [ — 3]

f
- * - * w ,u Anf*x ~ *
E; {f’f“ (w?f ) —Fin (w&fl)} =t Jf [w?f B wﬁl}

where m = l—w;“’l"

in this way the log-linearized version of the formal firms and workers surplus can be written,

respectively, as follows

T n*x a - w ~nfx* nf* ~nfx* F - * ~
I wf™) = g = 37 [0 + (1= p) Dwv by [0 = apfy = mn]] + 257 (2F (w]*) - #(0))
+(1—p)TE; [JtJrl (wt+1)+rtt+1]

Af( f*) _w ( o 4+ + (1 — p)w®el’ {w[* — ﬁ)tf_:l - 7Tt+1})
+E,I’ {(1 -p) ( t+1(wt+1) +1y t+1) -p(0) (ﬁ (0:) + Hf’t‘*‘l + ft’t+1)}

where @, is the marginal productivity of labor a, = p* + 3/ — i/
The salary contract would be in the following way:

log-linearizing the Nash solution:

(1-¢)H] = ¢J/

log-linearizing

HY (wp") = I/ (w}") (64)

replacing the expression for HY (w"*) and J; (w}'*)
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N w! ~ fx A~k
= 757Gt — J7 { +(1—p)Tw Eip [wtf - w{+1 - 7Tt+1”

057 (2F (w]") — () + (1= ) drlwf )
(1= p)TE, (Do + B (0ff}) = (1= 0) 7 b ()]

%\s
/\
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(1= 0)w (0] + (1= puel [of* = off, = m] ) = Y52 (i)
= ¢ad; — wl¢ [ o/ + (1 — p)Tw Eyp (wt - wﬁl — 7Tt+1)}
(27 (u") ~5(0)
rearranging

wd!* + (1 — @) e + o) (1 — p)w*Tw! {w[* - wﬁl - 7Tt+1}
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" = (1J1\I/)wto b [wtf+1 + 7”+1}

(65)

where ¥ = (1 — p)w*T'O and wy is the target wage given by:

e (w{*) - [Taat Yol + Tr (zﬁ (w{*) - ﬂ’(c))}
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Formal wage and Hiring dynamics

the target wage is
W (w{*) - [Taat Yol + Tr (zﬁ (w{*) - ﬂ'(c))}

Let’s find expressions for F (wt*>, and ]I:]I;,Hl in terms of gaps between contract and average

wages. Previously, I found E, [ﬁtH (w;’f*) — Fip1 (w;ﬁﬁ)} = —wwf £ [wff* - wgfﬂ then
E, {]:"t <wff*) - F (wffﬂ = —wvwl 2 [w;?f* — wff}

where F, (w? ! ) is the average hiring rate

Using the results in previous section
By [ Ha ™) = Ha if)] = —w! 2 [ap ! — ]

~ nfx nf* ! ~nfx Anfx
E; {H{-Q—l(wt ! ) — H{-s-l(wt-f-cl )} = % {wtf - wt-{l}
By [ il)) = i wid)] = —w! 45 [apfy — wid)]
N . A we " n
E; {H{H(wﬁl) - Htf+l(w£{1)] = o {wﬁﬁ - th{J
with ¢, = w!
E; {th+1(w?-{r) - th+1(w;]-€1)} = —Pult {w?-;)-cik - w?—{l}
orf nf* o f nf 1- ¢ nfx* nf
Ey [Ht+1(wt+1 - Ht+1(wt+1)} = Pp—r—¢€ {wt+1 - wt+1}
Start from the Nash first order condition in ¢ + 1

B (wiy) = Bl (i)

f . f . .
o w’ e « & W[ oy fx
Hf .y (wif)) + i {w?jjl - wﬁl} = Jl (i) - 77 [w;{l - wﬁl}
arf nf wle wf'u f w w n f* nf 7f nf
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where A = ¢, u (ﬁ—f; + 1). Using By 1 J), = 12

u/(c)qtf
<Ft t+1 T+ Jt+1(wt+1)) =F (wnf*) — @/ (cr) =4 (6r)

we have then

B, (i) + A |l = F — /() — G(0;) — Topprt

t+1(wt+1) Wi — wt+1 t W (ce) — G (6:) tt+1
By [0y (i) + Do | = F (w}F) = @/(e) = 4(00) = AB [w}fy —wid)]

where H/ , (w]'/,) = Hz 41, then

B[y + o] = B (wp!) = 0/(c) = 4(0) — AB, [wpl — wi]
substituting in the target wage and rearranging

e (w{*) - {Taat Tt + Tr (2ﬁ (w{*) - ﬂ’(c))}

5 (7)< ()] =y [
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Wy (w-[ ) - [Taat Yol 4+ Tr (2ﬁ (w-[ ) - ﬁ'(c))}

Wy (w,{*) = {Tadt +Yyey + T r (2.7:} (w;’f) fwwwf% [ﬁ)ff* fwff} ﬂ/(c))}

in real terms

Wy ( f*) = Wy + wo [w{—w{*]

where wy = w¥ gy, (Y72), 0§ = Yoas + Loyt + T r (Qﬁt — ﬁ’(c)). Additionally, the average salary of

the formal sector is defined as:
A"f =(1-w") A”f*—Hu [wffl]

Combining this expression with the equations that define the evolution of the contract wage,
then yields the following second order difference equation for the aggregate wage:

~nfx ~mfx
Wy = gy f + ey B {w&l}
Wy (wff*) =W + wo {wtf—u??f }
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Anf
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where ¢ =14+ W + (wy + W) w®, v = U2 gy = L gy = Iy gy 4ypy = 1

Appendix A6: Job creation condition and equilibrium

condition in the informal sector

In this appendix I express the job creation condition in the formal sector ans the equilibrium

condition in the informal sector as a function of the marginal cost and the formal wage gap.

From the Nash wage bargaining under flexible wages and the formal job creation condition I

have, respectively

wf = ¢ la+ 5Tty + 0| 1 -el| 5 | (66)
kFie / f Fo wF i K
(I(et) = PEu (CHI) (ptﬂmplt“ Wirer + 2U/(Ct+1) ( ) (9t+1) (67)
Equations (66) and (67) at the steady state (SS) can be written as follows
su= ¢[Lats,+ L5 +[1-d][ 55 | (68)
S B
Sy {6 1+2} —2Et[<ya Sw>:|
where s, = w , plf =q(0)v, s, = % = i];;)lg,

Log-linearizing equations (66) and (67) around the steady state gives:

2 PO M . i . 2 . 1-p)2 -
;51; (Net + ]:it) =4 { (y&atﬂ swwlft_,_l + <ya - 5w> U/(Ct+1)> + ;Sv]:itJrl + ( pp) Syﬂ9t+1} (69)
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¥ o
o — _ S 1 _ _
SwWy (b y aay ( (]5) y U/(C)

N 2 . 2 N 2
W' (ct) + ¢ (P (9) ;Sv + 25u> Fi—¢ (p (9) ;37) + 51)) ' (ct) +¢p (0) ;Svgt (70)

Combining both equations in the way that it is possible to express equation (69) in term of

(w{H - wg’H) I obtain:

p%sv (uét + j_”) = {(%a/&t+1 — Sw (wa — wfﬂ) + (%a — sw) a’(cm)) + stﬁitﬂ + MS Mét+1}
— [#¥ aai — (1= 0) 5 i o) + 6 (p(0) 2ou + 250) Frr = 6 (p (6) 250 + sv) (ciar) + 90 (6) 25,011

reorganizing

p%sv (uét + ]:"lt) = {((1 —9) gfaaHl (uﬁfﬂ - wfﬂ) + (%a — sw> ﬂ’(ctH)) + %svﬁit+1 + (1_pp)25vuét+1}
— [— (sw —¢ {%a + s, + ?sv D @ (ciy1) + @ (p (9) %sv + QSU) Fis1— ¢ <p(9) %sv + sv) @' (civ1) + op () %své]

then with s, fqb[%aJrstr@ng} — [1,(;3]{ o L }

p%sy (uét + ]:'“) = {((1 — ) ( alyy1 + —au (ct+1)) — Sy (ﬁ){H — wgﬂ)) + %svﬁit—o—l + (1_pp)25v,uét+1}
- [¢ (P (6) 25, + 281;) Fis1+op(0) %SvéHl}

BS (uez +]:1t> =
{((1 — ) (—aat+1 + —au (ct+1)> — Sw (wt+1 wt+1) ( ( 0) %SU + 2$U)> .7:'¢+1 + (%sv —p(0) %sv) ,uét+1}

% v (Mét + f'-t) =
f {0 2 ) N o
{@=0) (P (plr +mptl + (1)) + srgyse (1= P (O) + ) Firer + srigysn (1= ) = p(O) whrr) = sw (0] —wiy, ) |

I have that prices are equal to the marginal cost that in perfect competition should be equal to

the marginal income ( 88 =4

p% (#ét +]:—t) =
{0=6) (52 (pfyy +mpl] 1y + @ (coi1)) + 5i2gy50 (1= w0 (0) + ) Fivsr + 5igy50 (1= p) = p(0) plir ) — s (0], —wpyy) }
From the Hosios condition I have ¢ = i1 , then previous equation becomes
p% (,uét +ﬁt) =
{0=6) (252 (plyy +mpll 1y + @ (coi1)) + 52g50 (1= w0 (0) + ) Firr + 52mgs0 (1= p) = p(0) w1 ) — s (0fy1 —wiyy) }
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reorganizing

1

Zs, (nhe+ 7)) = {(1 ~0) () (s =2 (e 0 ) )+ (L= VT — s (- w§+1)}

}

where T{ is the social value of an additional job in the formal sector found in the social planner

50 (Mét + ]:-t) = {(1 - 9) |:(yyf) 7! micee1 + YT — =) (wgﬂ - ﬁ’?ﬂ)
solution.

Appendix AT7: Phillips curve

from the optimal price setting we have

l1—0o -0
o0 0, 4 [ Ctte Py
E Y g Bw ( o ) (Pt“) MCtip

Py - . 1—
E; Ze:o ﬂgwe (%)

=701 -9) D,

p; = N:— Dy

[ c 1-1 P -0
Ny =E Y B’ (?8) ( . > MCtie
t

P,
=0 t+e

o Cons 1-1 P 1-©
D, = E Blwt (H> < t )
‘ ‘ ; Ct Piye

loglinearizing N; and D,

Dy =wp ((1 = 0) (P — Pr+1) + (1 - ;) (Coy1 —C) + Dt+1>

~ mc N N N 1 ~ ~ A
Ny = Wmct +wp <—@ (Pt — De1) + <1 - 0) (Ct41 — &) + Nt+1>
with pr = Ny, — D, I obtain

p; = (1 —wp)micy +wp (@kﬂ + 7Tt+1) (71)

43



Additionally, the general price index in the formal sector is equal to:

1
1-©

P = (B0 + () (1))

P70 = (w(Po1)' ™0+ (1-w) (P)'7°).

dividing both sides by ﬁ
t

Ps p\'7°®
———=w+(1l-w t > .
(Pio1)'™® ( )<Pt—1 B

loglinearizing around the SS

m = (1 —w) (p; + ).

replacing (71) into (72) I obtain

my = knicy + BEym 1

(A-wp)(1—wpl’)

with k =

Appendix A8: wage inflation

(72)

By definition, real wage inflation is equal to nominal formal wage inflation minus price inflation,

UA}tf = 1,2){71 + Tt — T
I obtained
] = o + 1By (f1 + )+ (6 - )

because ¢, + 91 + 12 =1

wf —wf =, (1@? - 'd’{fl) + 1 By (UAG{H — il + 7Tt+1) + 92 (wgfl — ], - Wt)

Twt — Tt = Yo (wto - 717{_1) + Y1 By (wic_l,_l — 121{_1 +7Tt+1> + ) (—¢)

Tt = % (w;; — 121{) + %Et (Twtt1)
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where ¢, = A=) ¢ = Wome?) 1y, _ (Zatlib)e”

Yo — _(F—mw?) P _ (T—wmiw®)w®
then P2 T (w1 P)wv and Vs = (matit )

Appendix A9: Welfare loss function

The second-order approximation of the welfare criterion

Uy =E; Zﬁt (Et) ,
t=1

1—1

oS} p 1
c K
U, =E,; E Itk (1t T (ltf +l§) P = 5/0 filiftdi) )
=1

o

o0 1
Uy=E Y p' <Ut (ct) — (lf + li) P - /0 hcitdi> ;
t=1

We can then expand every function in the logarithm of its arguments around their steady-state

levels,

-1

g (cr) =u(e) (1—o?) (ét 1z c§> +t.pi+O°

where OF indicates terms of order k —th and higher in the size of the shocks and t.i.p represents

terms independent of policy. using u (c) (1 — o~ !) =« (¢) ¢ and ¢ = s.y I obtain

1—
ug (cg) = (c) e <ét + é?) +tpi+ O3

-1

1_
u (cp) =’ (¢)y <scét + scé§> +tpi+ O3

Similarly, I do the following approximation

1 e 1 /ap\2 I s 12 .
(z{+l§)¢—u’(c)c[ul(§c <l{+2<l[) )+u,(gc <l;+2<l§) >] +tip+ O

In order to eliminate the linear terms in the previous equation, we need to approximate the

aggregate resource constraint.

Individual hiring costs can be written as

_ R _ = Y oe gt o (i) X , 3
hCit = i‘Fitlit = hC 2./—"1t + lit + 5 2 ‘Fit + lit + 2(2).7:'“[,“5 + t.z.p + O
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_ f
employment in the formal sector IF = f lg;di and the average hiring rate F; = f .Etlfftdi can be
t

approximated respectively by

. . 1 R
il = B, + iVarillft +0°

~ ~ 1 ~ PN PPN
ft:E,Et—ﬁ—iVar]it—&—Elllft]it—ltf}"t—i—Og

where for any variable e;;, Eie; = fol eiwdi and Variey = B; (e; — Eiey)*denote its cross-sectional
)\ 2 N e\ 2
average and variance, respectively. I have also used the identity E; (l{l) = Vard!, + <Ezlzft) and

the fact that (l[ )2 = (Eifift)z + 0%(and similarly for %;). On the other hand, the average hiring

rate can also be written as F;, = ;’—f’ which allows me to write %, = 6, — if
t
then

combining the previous three equations, the total hiring costs can be written as follows
pz{’fzf - o L 2 o \? A of . 3
/Tfitz” — he {2/@ +/lit + 5/ <2 7 (i) + 2(2)]5»,51“)] +lip+O
N ~ ~ N ar\ 2
= he {2 (]—‘t +3 (Var]—'it +l[)) +3 (2]—} +l{) ] +tip+ O
1 R N2 .
/0 SFalld: = (c)es, {(2@ ~if) +4 {(2@,f i)+ 2Varfit} } +tip+ O3 (74)

1 . N2 R
/ g]—ﬁlﬁdi =u/(c)cs, {(%t — l{) + % [(2@,5 — ltf) + 2Var}",-t} } +tip+ O3
0

§72

u'(c)e

where s, = % = is the vacancy posting cost in consumption units as a fraction of GDP

therefore

U= (c)c <ét plete s e (Z{ +1 (Z{)2> it or (Z; +1 (f§)2> +tip+ (93)
—u'(c)esy {(21% — ZA,{) + % {(%t - f[)Q + 2Var.7-:it} } +tpi+ O3
we have v, = Ay¢y , then 7, = Ay 4 ¢ and from the equilibrium in the intermediate good market
(Z;g + t.p.i) =g
(if ) +twi=of
U = ‘I’yfy;f + Wyt = D+

G = Wyl +Wlt +tip =D+ &
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Ut:u/(c)c<<\llyf 1 ,(C)C) lf ( yi — 1 u,(c)c) lZ A+ 1*0 A2 %([g)z_llu %(ll) )
—u'(c)cs, {(Z@t — Z,{c) +1 {(2@,5 — f{)Q + 2Va7'}£it} } +tpit+ O3

The Beveridge Curve and law of motion of the employment in the
informal sector

In order to eliminate the linear terms in the previous equation, I perform the following second

order approximation of the law of motion of employment in the formal and in the informal

sector
o ==p)tf +N@Y" @)
then
g ()= 00 (g (1)) o i et mmree g i+ ) o
r=1-1f-r

l“(lt (l}‘)) lf(l{+%(i{)2>—ﬂ<lg+—(ﬁ))+03

fu lfiflj (s 1 /a0\2 ) 2 3

peen (5 @)) -5 (B3 (@) -5 (@) o
or

()= (5 (0)7) -5 (5 @) -5 )"+ 0
replacing in
Uty (i) == (i 5 (1)) o [uli @ =yocs 5 (uit + 1= )] +0°
multiplying by 3! and iterating across t
(61— (1-p) Zﬂt (it+5 (1)) - Zﬁf [t + = ot 5 (ult+ 1= wa) ] + 08 (75)
Reorganizing

S () S e o
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iﬁt [(ﬂ’l —(1-p)if —p<(1 — 1) ¢ +ufi‘)] = Zﬁt% {p (uf?+(1—u)ﬂt)2 - (' =1-p) (lA{)Z} +0°
t=0

t=0

from the efficient job creation condition in the steady-state I have

()07 2)

11—~

combining the two following equations

(Bt -1-p)= (1_“)§ [S“l ((yyf>177 - <%>17TW llf) +1]

S (BT = (=)l —p((1— ) b0+l =§:ﬂtl Pl + (1= p) 2*(,3_1*(1*@) i)’] + 0
t=0 2

t=0
I obtain

~

= ()7 () T8 e
=o' |t (it - -ma) =2 s () T ()7 )

and combining with

=2 (i ot =

(i{)2}+03

Yoo, BHU =/ () esy { =D}
00 ’ 1 -1\ 52 728 n)
— X A () ey [— (L= 2+ (w,) (i) + (v, (i)
= 2oiey B (c)es, { [M (007 + (F)* + Var}:it} } +t.pi+ O
then, reorganizing I have
—2A, — (0_1 — 1) g}? — 25y [,uéf + F2+ Varfit] }

T AU = 32, B { (@) (i) - w0 (i)
+t.pi+ O3

Price dispersion and inflation

e
A second order Taylor expansion of A; = fol (%) &

N 1. R (C] .
A+ 50 =-0 (Ejpjt -5 E; (pjt)2> +0°

where
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Dt = log (@) and we have A\ = 1.At is proportional to the cross-sectional variance of relative

Dpj
prices. Therefore, A, ~ Svar; {p(i)}

In Woodford (2003, chapter 6) is proved that

;5 var; {p(i)} = m;ﬁ o

then
oo R o0 @
Y B A=Y B vari {p(i)}
t=0 t=0

= tA NOO t@ w 2
;5&_;52(17%)(17@“

with T = % we ca express U; as follows

—%wf — (e =1)97 — 25, [uéf +F2 + Var]-:it]
! A\ 2 2\2
S, U = i, e = () () - (w0 (1)
+t.pi+ O3

Dispersion in hiring rates and wage inflation

Analogously, the cross-sectional variance of nominal wages can be approximated by

ww
varilog (wzft) = wvar;log (wl?;_l) + 1 2,
— ww

(76)

(77)

Multiplying (77) by /3! integrating forward and using the fact that var;log (w;;_1) is independent

of policy as of time 0, I obtain

w

w
Btvar;log (wf) = B2, + ti.p
= ) am e &

By using Lemma 1 in Thomas (2008) I found that

Vaﬁ:fit = hQUCLTiIOQ(wzJ;)

wasw lfw
(1*/8‘*’1”)%31) ’

state ratio of vacancy posting cost (in consumption units ) to GDP

where i =

then it is possible to write

Z 5tva7’i}:it =

t=0

h2ww i ‘9
- By, +ti.p
(1= w") (1 — fwr) 2=
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Sw = ¢ Is the steady state formal labor income share, s, is the steady
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oo . h2 oo
Z BVar; Fi = Con Z tn2, +tip (79)
t=0 W =0
. _ (1=w")(1—Bw™)
with T, = ~——3"——
finally inserting (78) into (76)
9 = (o7t = 1) 37 = 2s0 [} + 72+ doml ]
oo oo u'(c)e ~r\ 2 AN\ 2
Y1 AU = T2, B (W) (i) - (o) (1)
+t.pi+ O3
Uon? — W2, — (01 — 1) §2 — 25, [Még + }'2]
[eS] %) u'(c)e ~r\ 2 ~\ 2
5 B = T2, 4 e = (wy) (i) - (w0 (1)
+t.pi+ O3
\I/ﬂﬂ'f + \Ifﬂwﬂ'ﬁ,t + (0*1 — 1) gg + 254 [,uéf + .7:2]

oo oo u’(c)e ar\ 2 A\ 2
S U = = 7 A (W) (i) - (o) (1)
+t.p.i+ O3

) -t
where U, =  and ¥, = 8”2%}’ U, = (7%) Uy, = (y—) K
©° t — _ o tu/(c)c N7 2 U 2 -1 _ 1 ~2 2 é2 2 N [f 2 U, . Zz 2 ; 03
2t=0 B'Ut =085 Ty + Wy, + (U )yt +2sy |ub; + F +( yf) 7))+ (W) (& +tpip+

S B = = B L 4 tpi + O3
with

L, = \II7T7Tt2 + \I/ﬂwwit + Ei’h

L = (071 = 1) 97 + 25 [} + F2] 4+ 0 (i{)2 F 0y, (Z;)Q
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