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1 Introduction

The informal sector accounts for a large fraction of the economy and labor force in many
emerging market and developing economies.! According to the International Labour Orga-
nization, in several Sub-Saharan African economies such as Niger, Burundi, Chad, and the
Democratic Republic of the Congo, informality rates exceed 90%. This pattern is also preva-
lent across parts of South Asia (e.g., India and Bangladesh) and Latin America (e.g., Bolivia
and Guatemala), where rates remain well above 80%. In contrast, high-income economies,
particularly in Europe, report informality rates below 5%, with countries like Switzerland,

Austria, and Belgium seeing less than 1.5% of their labor force in informal employment.

Figure 1: Informal Employment Rate by Country
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Notes: This figure is from the International Labour Organization and presents the informal employment
rate by country. Boundaries shown do not imply endorsement or acceptance.

While informality is associated with several structural weaknesses — such as lower pro-
ductivity, lower growth in equilibrium, a weaker tax base, job and income insecurity, and
limited access to social protection (International Monetary Fund, 2021), the informal sector
can provide a flexible margin of adjustment in labor and product markets when countries are
faced with economic shocks. Informal employment tends to be countercyclical (Fernandez
and Meza, 2015), expanding during downturns as formal employment contracts and firms re-
duce their workforce. Additionally, the informal sector demonstrates greater wage and price
flexibility in both its labor and product markets (Agudelo and Sala, 2017; Ahmed et al.,

'We define informality as economic activity that falls outside the regulated economy and tax system
(International Monetary Fund, 2021).



2014), enabling faster adjustments to changing economic conditions.

In this paper, we develop a dynamic stochastic general equilibrium model of a small open
economy with an informal sector to analyze the role informality plays in the propagation of
domestic and foreign shocks. In our model, nominal price and wage rigidities are present in
the formal sector, while prices and wages are flexible in the informal sector. Price stickiness
in the goods market comes from Calvo price adjustment for intermediate goods. Similarly,
wage stickiness in the formal sector arises from an ex-ante wage bargaining arrangement
conducted by unions. Production of traded goods relies more on formal intermediate goods
(which can be produced at home or imported) while non-traded goods relies more on informal
intermediate goods. The informal sector has lower productivity and is characterized by
tax evasion; thus, a larger informal sector results in reduced tax revenue, decreased public

investment, and lower overall output.

The model reveals that the informal sector can help buffer the impact of domestic and
external shocks. Since formal input prices and wages are sticky and do not immediately
adjust downwards in response to a negative shock, production shifts to informal inputs,
consumption shifts to non-traded goods, and labor shifts to the informal sector. This results
in a smaller impact on output, employment and exports, and lower inflation with informality
than without.

We calibrate the model to the Bolivian economy, where the informal sector is large at 85%
of employment and 68% of GDP, and simulate the effects of a range of macroeconomic shocks.
We compare the responses of the full model—including an informal sector—with those of
a counterfactual specification without informality. The results suggest that informality in
Bolivia plays a significant shock-absorbing role: it dampens the adverse effects of negative
supply-side shocks—such as productivity declines or increases in import prices—on output
and inflation. In the case of a positive external demand shock, informality amplifies the gains
in output while mitigating inflationary pressures. Moreover, it cushions the contractionary
effects on output from a decline in domestic demand, such as a sharp fiscal consolidation.

The inverse effects also hold symmetrically in response to opposite shocks.

This paper builds on the economic literature studying informality. Early theoretical
work on informality builds on the Harris and Todaro (1970) framework, modeling segmented
labor markets with dual wage equilibria. Extensions such as Brueckner et al. (1999) introduce

endogenous wage setting through land markets, while more recent studies incorporate search



and matching frictions (e.g., Boeri and Garibaldi, 2005; Fugazza and Jacques, 2003; Badaoui
et al., 2006), allowing for flows between formal, informal, and unemployed states. These
models often emphasize the intersectoral labor margin, particularly for workers (Albrecht
et al., 2009; Zenou, 2008; Satchi and Temple, 2009), and analyze how institutions and
fiscal policy influence informality. The closest papers to ours are Ospina (2023), Alberola
and Urrutia (2020), and Castillo and Montoro (2010) who study the interaction between
informality and monetary policy in closed economy models. Our paper focuses on how
informality affects the propagation of macroeconomic shocks in an open economy set up.
Other papers that explore similar questions abstract from price rigidities and monetary
policy (Yépez, 2019; Fiess et al., 2010).

The rest of the paper is organized as follows. Section 2 presents the dynamic stochastic
general equilibrium model of a small open economy with informality. Section 3 presents the

results. We conclude in Section 4.

2 Model

Our model builds on Gonzalez et al. (2022). There is a continuum of workers who decide
to supply their time to the formal or informal labor market. There are tradable good and
non-tradable goods, produced by perfectly competitive firms that source a continuum of
composite intermediate goods. Domestic intermediate goods are composed of formal and
informal inputs from monopolistically competitive domestic suppliers. Price stickiness in
the goods market comes from Calvo price adjustment for intermediate goods. Similarly,
wage stickiness in the formal sector arises from an ex-ante wage bargaining arrangement

conducted by unions, which can result in underemployment.

The government generates revenue through taxes on consumption, labor, and capital,
as well as from commodity-related income and transfers from the central bank’s quasi-fiscal
activities (such as seigniorage). Public spending includes household transfers, public invest-
ment, government consumption, and interest payments on sovereign debt. The government
can borrow from financial markets, with both the central bank and the private sector par-

ticipating as buyers of government securities.

The model features key elements of neo-Keynesian economics. First, rigidities in nominal

prices and wages allow aggregate demand to influence output and employment, as workers
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may not be able to supply their desired labor at the current wage. Second, it distinguishes
between Ricardian households and those with limited liquidity, “hand-to-mouth” households.
Lastly, investment decisions face adjustment costs, which dampen the immediate crowding-

out effects of public spending on private investment.

2.1 Households

There are two types of representative households in the economy, indexed by ¢ = 1,2. The
first type of representative household (i = 1) has access to credit markets and owns physical
capital. They use this access and adjust their holdings of physical capital to smooth their
consumption. The second type of representative household (i = 2) does not have access
to credit markets and can only consume each period according to their disposable income.

These households maximize their lifetime utility.

Each representative household consists of a continuum of workers, each with a different
labor variety j, these labor types are uniformly distributed across household types. Workers
can decide to supply their time to the formal labor market, the informal labor market, or
both. Time supplied to the formal market results in their labor variety remaining differ-
entiated from other workers’ labor varieties (e.g., ij,t
informal labor market results in their labor variety being perceived as homogeneous to the

). In contrast, time supplied to the

variety of other workers in the informal market N/;, = N/,.

Workers in the formal sector pay payroll taxes. The representative household wage W/ is
the average of the wages of the differentiated labor varieties of the workers in the household
(e.g., W = [W/dj). The wage of each variety, W},
market by a continuum of labor unions indexed by j. In the informal sector, households do

is set in a non-competitive labor

not pay payroll taxes, and their wage, W/, is determined competitively.

The total labor effort of the representative households is a composite of their labor effort
in the formal labor market, N F]t = f N ftdj , and in the informal labor market, NZ{t. Work

2

in these two labor markets and their corresponding types of jobs is not fully substitutable:

o
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Preferences are common to all households and are represented in each period by the following



utility function:

M, 1 " 1 M\ oM

where ¢; denotes consumption, /N; labor, and %t the stock of real money balances, with P,
denoting the nominal price of consumption goods, which is the numeraire in this economy.
The parameters in the utility function are ¢ (the parameter controlling the importance of
the habits in consumption), oy (the inverse of the Frisch elasticity), oy (the elasticity of
money demand), and yy and vy, (the weights in the preferences of labor and real money

balances, respectively). zf is the preference shock which follows and ARMA process.

The budget constraint for the first type of households is given by
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where P! is the nominal price of investment goods, I; is investment in physical capital goods,
B! is a nominal government bond that pays a risk-free nominal interest rate Ry, Bf s a
nominal bond denominated in foreign currency that pays a risk-free nominal interest rate Ry,
S; is the nominal exchange rate defined as domestic currency per unit of foreign currency, R¥
is the nominal return rate on physical capital, ), is the nominal price of a unit of installed
capital, K; is the physical capital available at time ¢, P° is the external nominal price of
commodity goods, O is the flow of commodity exports. 7¢,7, and 7F are consumption taxes,
payroll taxes, and capital income taxes, respectively, T; ; are government transfers in nominal
terms, and & are the firms’ profits in nominal terms. ¢ is a parameter that determines the
depreciation rate of physical capital, v© is a parameter that governs the share of revenues
coming from the commodity export sector that households receive, and % is the per-capita

share of the revenues coming from the commodity export sector for type ¢ = 1.

Rapid changes in investment are costly, and this cost is given by the following function:



Considering the adjustment costs of investment, capital evolves according to the following

K= (1—6) Koy + 2*1, (1 g (#))
t—1
k

where z;’ is an investment-specific exogenous shock that follows an ARMA process.

law of motion:

The budget constraint for the second type of households is given by:

(1+70)Pocay + Moy = (1 —72) / Wﬂij’tdj + WgNQ{t + Ty + May o

2.2 Labor Markets and Wage Setting

The formal labor market is dominated by a continuum of labor unions, which make formal

labor supply decisions, NF.

i.;1» on behalf of the households and set the nominal formal wage,

WJFt Due to its structure, the formal labor market is characterized by nominal wage rigidity.

Once the labor supply to the formal labor market is determined by the unions, workers
in the representative households decide how much of their remaining time to supply to the
informal labor market, N/,, where they take the informal nominal wage, W/, as given, and

which is determined competitively.

Workers from both types of households (i = 1,2) are randomly assigned to the unions,
ensuring that all unions have an identical representation of workers from both households

types as in the overall population.

Labor unions maximize their profits, subject to two constraints. The first is a resource

constraint:

N > Nf; = Q/Nfl,tdj + (1 - Q)/Nf?atdj

where N corresponds to the maximum available time to dedicate to work for any labor type,
Q) is the share in the population of households of type ¢« = 1. The constraint limits the total
available labor of union j. The second constraint is the demand for formal labor for workers

in the union j from the firms:

w

F —€
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where € denotes the elasticity of substitution across formal labor types represented by each
union, NtF’d is the aggregate demand for formal labor, Wft is the nominal formal wage at

time ¢ for workers in union j, and W[ is the aggregate nominal wage for formal jobs.

Every union sets its wage according to Calvo’s staggered wages setting. In each period,
there is a probability 6* that the union will not be able to set a new wage. Consequently,
wages are only updated in periods when the union receives a random signal, which occurs
with a probability 1 — 6*. When the union can adjust its wage, it does so by maximizing
the average lifetime utility of the representative households, which will depend not only on
the marginal utility of wealth of the workers, but also on their labor supply in the informal

labor market. This optimization is subject to the two constraints:

0o
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The optimization by the unions correspond to the optimization for labor type j of a weighted
average of the lifetime utility of labor type j as part of both types households, i = 1,2, as
labor types are uniformly distributed across household types. Therefore, the demand for
labor of type j is spread uniformly across households. When unions are not able to adjust

wages optimally, they adjust them accordingly to the indexation rule:

F _ F 2, XY =(1—-x¥)
Wj,t = VVj,t—lg T T

where 7;_; denotes the consumer price inflation of the previous period, and 7 is the inflation
target. The indexation rule implies that nominal wages are indexed to a weighted average of
past inflation and the inflation target and long-run productivity growth g*. x* is the wage

indexation parameter. If y* = 1, there is full indexation to past inflation.

The unions’ optimization problem can be written (in real terms) as maximizing the

F

i+, and subject to their aggregate

lifetime utility of its union members, i with respect to w

budget constraint.
The union j’s period utility is given by:

Ml,tJrs
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2.3 Final Sector Firms

There are different types of firms in the economy. Firms producing final goods and services,
firms producing investment goods, and monopolistic competitive firms producing intermedi-

ate goods.

2.3.1 Producers of Final Consumption Goods

These firms are competitive and produce final consumption goods ¢; combining final tradable

cI' and non tradable goods ¢ according to the following technology:

P
1 p=1 pf=1 | pc-1

eo= ()7 () 7 + (=) ()7

where p¢ is the elasticity of substitution between tradable and non tradable goods, and (€ is
the share of tradable goods in the production technology of final consumption goods. These
firms take as given the nominal prices of their goods, and the tradable and non tradable
goods, P, PI' and PN respectively, and minimize their production cost, subject to the

previous production technology. Their cost function is given by

T T NT NT
Ptct:PtCt+Pt Cy

Prices and inflation are given by

C

Pt — |:LC (PtT)lfpc + (1 o Lc) (PtNT)lfpc]ﬁ

~—

1

mo= o (o) (=) (=T ]
where " and 77 are the inflation rates in the tradable and non tradable sectors and p!
and pMT are relative prices of the tradable and non tradable goods in terms of consumption

goods.



2.3.2 Producers of Composite Tradable and Non-Tradable Consumption Goods

Tradable and non-tradable consumption goods are also composite goods, produced by com-

petitive firms taking as given their prices and the prices of their respective inputs.

Tradable goods, ¢!, are produced combining exportable, ¢X, and importable goods, ¢

according to the following technology.

A
PTfl p- =1 | pT—1

() + (=) ()T

o = | (1)

where p? is the elasticity of substitution between exportable and importable goods, and

is the share of exportable goods in the production technology of the tradable consumption

goods.
Non-tradable composite goods, cMT, are produced competitively by aggregating S types
of services, cf ifori=1,...,5, according to the following production function:
NT

S N ANT g pNT 1
CiVT _ (Z (LﬁVT) NT (sz) oNT )

i=1

where pV7T is the elasticity of substitution between the different types of services, and (N
is the share parameter for service type i in the production of the non-tradable consumption
good, with SN (NT — 1.

i=1bi
The producers minimize their cost functions, which are given by:
Ple; = Pe +Ple)!
R = Y
PX is the price of exportable goods, and PM is the price of the importable goods. While
exportable goods are produced domestically for domestic and the foreign good markets, im-
portable goods are bought from producers abroad. Services goods are produced domestically

for the domestic market only. Producers of non-tradable goods take the price of their goods

PNT and the prices of their inputs (P) as given.
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The price indexes are given by

1

PtT _ |:LT (PtX)lpr I (1 B LT) (PtM)lpr] 1-,T

1
N 1_NT 1=pNT
T NT A
= E L (Pt )
=1

This can be rearranged and written as

1
T

X 1-pT M 1-pT 1,7
7TtT = [T <7TtX—tTl> + (1 — LT) (wa—tTl)
Pi Pi

NT

1
1-p 1-pNT
NT ( S, Pr— 1)
E L Ty

t—l

where ¥, 7 and 7" are the inflation rates in the exportable, importable, and services

sectors and pX, pM, and pf  are the corresponding relative prices.

2.3.3 Producers of Investment Goods

Investment goods, I;, are also composite goods. They are produced combining exportable,

X, and imported goods, IM according to the following technology.

pl-1

1= |7 (59

o
pf-17] o1

(=)o (1)

where p! is the elasticity of substitution between exportable goods I;X and importable goods
IM  and ¢! is the share of the exportable in the production technology of the investment

goods.

The producers of composite investment goods are also competitive firms that take as given
the price of exportable P and imported goods PM, when minimizing their cost function,
which is given by:

P, = PXIX + PMIM

11



Prices and inflation is given by

_1
Pl = [LI (PtX)lpr + (14 (PtM)lipI} o

X 1-p! M 1-pl T
o (WtX—tfl) + (1 — LI) (7rtM—tII)
P P

where 7! is the inflation rate of the investment goods and p! the relative price of the

7Tt:

investment goods.

2.3.4 Producers of Final Goods and Services
Final goods and services Y;* for a € {X,S;} are produced by competitive firms combining

formal Yta’F and informal composite intermediate inputs Yta’l, according to the following

production technology:

e%—1 e?—1 %
Yta _ ((ﬁa)gla <Yta,F) S (1 . Ra)g% (Y;(l’]> c )

F I o . . : :
where Y," and Y, are composite intermediate goods that combine a continuum of in-

termediate goods of two different types, formal and informal inputs, respectively. These

intermediate goods produced by intermediate firms are indexed by (a, ) and (a,’):

Ea,F
5a’F71

a,F ! a lF ea, F a.F ro
vl = (ve) T e
0

a,l 1

a,l ! a lI ‘ ea"; a.F el
vl = () e
0

€® is the elasticity of substitution in sector a between composite intermediate goods
Y;a’F and Y;a’l, which are produced by formal and informal intermediate firms respectively,

ECL,F

is the elasticity of substitution between intermediate goods Yta’lF produced by formal
firms, and €*! is the elasticity of substitution between intermediate goods Yta’ll produced by

informal firms. Producers take the prices of their inputs as given and choose the quantities

12



of intermediate goods that minimize their costs.

! a F a F a ! a I a I a
Pt(l}/;(l — / Pt ,l n ,l dl ,F + / Pt ,l }/; 7l dl ,I
0 0

The price index is given by

1

1—® 1—e®| 1-e@
=l () s ()]

which implies

pa’F 1—e? pa’I 1—e% | 1—eC
FPil1 1Pt
mo= |k T + (1= s |7

Py Py

F I : : . . : .
where 7" and 7"’ are the inflation rates in the formal and informal intermediate goods

sectors Y,** and Y;*! that are used for the production of the final good or service Y In
turn, the demand for intermediate varieties (a, ') and (a, () are given by

alf\ 7€
Y;a,lF _ (pta F) Yta,F
Dt
all\ ~€¢7
Y;a,ll _ <pta - ) Y;a,]
Dt

F I
IF pol I pat . . L. .
where py” = ——, and Py = . The price indexes for the composite intermediate
t t

goods in the sector are given by:

Pth _ (/1 <Pta,lF>1—€a,F dla,F> 1—ea,F
0

Pta,l _ (/1 (Pta,lI) L-et! dla,]) et
0
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Demand for the final goods and services are given by
Y =+ X+ G+ I+
VS = G

where ¢;*" is the foreign demand for domestic output (exports).

2.4 Intermediate Sector Firms

Intermediate goods Yt“’lii for a € {X,5;} and 7 = F,I are produced by a continuum of
monopolistic firms. The firms are indexed by ¥, in the case of formal intermediate goods
firms, and /! in the case of informal intermediate goods firms. These firms face the demand
from the final firms in the sectors a € {X, S;}, and ii = F, I below

i
a,l’ —e!
Ya,l” _ pt 7 Ya,ii
t - pa,ii t
t

Intermediate sector firms use capital and labor to produce Y;a’lii. There are a couple of

important differences between formal and informal firms: Formal producers only use labor
hired formally from the unions; informal firms hired their labor in the informal labor market,
and if they are caught doing so, they face a penalty imposed by the government. Additionally,
total factor productivity in the informal sector is a fraction 9, such that 0 < ¥ < 1 of the

total factor productivity in the formal sector.

The production function of the intermediate firms is given by

a,it a,it

a,l™ _ _ai aii)l—a®" —a®9r a,l™ @ a,l* g a®dn
Y, = Z (Zt ) K™y Ny (Kt—l)

where a® is the capital share of output in the intermediate goods firms producing for sector

a € {X, S;} respectively, Z;

K1

is a permanent productivity shock such that

14



Z(l,’i’i

1 _ 7
ng Gt
z\ _ z
9 = (1—09 )gz+99 9, +el

where z; " is a transitory productivity shock, g7 is a transitory shock to the growth rate of
productivity, and
zi =9zp"

K7 | is public capital. Note that each intermediate sector firm [** i = F I has access to

the same public capital stock, which grows along the balanced growth path.

2.4.1 Cost Minimization Problem

The main aspect that differentiates the firms corresponds to the labor input that they use.
As in Schmitt-Grohe and Uribe (2007), we assume that the labor input used by firm [*%
is a composite made of a continuum of differentiated labor services. This differentiation in
labor services implies that the labor input of formal intermediate firms, N;' ’lF, is provided

as follows

Ew

1 -1 -1
Nt = ( / (Vi) de>
0

However, while formal workers are able to provide differentiated labor services, workers
hired informally are not able to differentiate their labor varieties from that of other workers,
resulting in perfect substitution among informally provided labor services. This perfect
substitutability of labor hired informally implies that the labor input of informal intermediate

firms, N}’ ’ll, is provided as follows

1
all all ;.1
Npt = / Nt
0

Formal and informal intermediate firms select the optimal combination of labor varieties to
obtain their labor input by minimizing their labor costs, giving the technology defining their

composite labor input.

Specifically, their cost minimization problem to select labor varieties is given by :

15



1
. it ara, i nra, 0t i
min  W/'N; —/ WHANG dj
0

114
N
Jst

subject to the definition of the composite labor input for firm (%%,

The solution to the formal sector firms cost minimization problem aimed to select their

labor input implies that the optimal demand for labor services j by firm (%! is

w
F —€
a,lF _ w.]vt avlF
Nj,t - <wF Ny
t

where w/" is the real wage index (notice that formal intermediate firms in all sectors combine
labor varieties in the same way to create one unit of the composite labor input N, ’lF, and

therefore the nominal wage index is identical across formal intermediate firms in all sectors).

1 P
o~ ([

The total demand for labor services j in sector a is

1
(2 alt j70.F
Nj,t = / Nj,t dl
0
1 F\ ¢
w: F
’t 7l
ACI
0 Wy
w
F\ ¢ 1
wr; F
7t ,l
s / Nl
Wy 0
w
F —€
wj,t a,F
Wy

and the total demand for labor services j by all intermediate firms hiring in the formal
labor sector (which is the demand for services j faced by the households in the economy) is

given by:

s
NtF,d _ NtX,F . Z NtSF
i

The solution to the informal sector firms cost minimization problem aimed to select their

16



is such that

= w!. Since the wages are the same, the supply of labor to the mformal sector a firms

labor input implies that optimal demand for labor services j by firm [%/ N it
I

wjt

is also the same for all types j, therefore

1
a, 1 a, I, a,
N#::/J@j@ﬂsz
0
Total demand for informal labor (the one faced by the households) is defined as:
S
NtI7d — Nt)(,] + Z Ntsiyf

Once the firms have chosen the composition of their labor inputs, they need to determine
their demand for labor and capital. The firms choose N;' " and Kf_ll to minimize their costs
Ooa lll

. s . a1t a1l
al’L'L al'L'L b b
NG KN Ny N7

. i - Kayii Ka,ii
min  cost = mef P = wf NP 4o KR (14 f | - R
subject to their production technology.

Intermediate firms are subject to adjustments costs in their capital demand, which depend

au

on the evolution of per-worker capital in their sector (e.g. Ka =). The firms’ adjustment cost
function represents costs for firms [*f to increase their demand for capital if the capital

per-worker level in their sector is increasing rapidly through time.

2.4.2 Firms Optimization

Intermediate firms produce differentiated intermediate goods, and therefore are able to
choose the price of their good, Pf’lii, to maximize their profits, but these firms cannot
optimally update their price in every period, instead in each period a share (1 — 6%) of the
firms will adjust its prices optimally, while the remaining share 0% will adjust their prices

following a simple indexation rule given by:

altt _ pa,lt lzz —(1—1i7)
P =P T
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where [i7 is a parameter that controls the degree of price indexation in the formal and

informal sectors. If l7i = 1, there is full indexation to past inflation, if [ii = 0, price changes

follow the inflation target.

Consequently, the firms will choose their price knowing that with a positive probability,

this price might not be optimally adjusted in the near future. Because the informal sector

firms are producing hiring labor informally, and workers don’t report their working income

oy . . o,
and therefore are able to avoid income taxes, once an informal firm produces Y, | it faces

a probability Z! of being caught breaking labor rules, and upon that finding a share ! of

its revenues is confiscated. The probability of being caught is the same for all sectors a. In

nominal terms, the profits of the intermediate firms in period t are Hf’l“, 1w = F, I which are

given by:

a,lf
Ht

a,l!
Ht

Pta,lFY%a,lF . MC?,FYZJ,ZF
[(1 . EI) + =l (1 . ¢I)} Pta,lly;a,lf . MCta,vata,lI
(1 . EI I) Pta,lly;a,ll - MC?’IY?’II

where Pta’lii might be an optimal price Pta’lii’* or a price updated following the simple index-

ation rule previously defined.

Firms in the intermediate sector maximize their value V" which corresponds to the

discounted sum of their profits and is given (in real terms and adjusted by productivity

growth) by

[ee)

aiii
alit i\ S )\1,t+sZt+5 —iii, i1\ a0ty ra,l? a,iiy ra,l®
max V= 37 (60%)" 2R T (1 i) eyl ey

a,lii
Py s=0

a,it

subject to the demand for their goods

_ aJZl

A €
Ya,l“ . p?’ Ya,ii,d
t - pa,ii t
t

and the simple indexation rule for those periods in which the firms cannot optimally adjust

their prices
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alt _ pal? i —(1—lid)
B =P mT

The simple indexation rule implies that in the periods in which the firm cannot adjust

its price, the price in period t 4+ s can be expressed as

a,l  palt yragii
Pt+5 - Pt Xt+s

where
S

ajii _ li  =(1—lii)
Xits = H [7Tt+j—17r }

j=1

As firms in the formal sector don’t break any rules =" = 0, and ¥ = 0.

2.5 Monetary Policy

The model allows for two monetary policy regimes. An inflation targeting regime with
flexible exchange rates and a peg regime. In the inflation targeting regime, the central bank
controls the short-term nominal interest rate and sets it following a rule that responds to

deviations of inflation from the target. In particular, the monetary policy rule is:

=\ 1—-of
R, R4 et 7Tf v ‘ m
Nzl = R = exp (z{")

where of is the smoothing parameter, ¢™ measures the sensibility of the policy rule to

deviations of inflation from the target, and 2" is the monetary policy shock. This shock is

exogenous and follows an ARMA model.

In the peg regime, the nominal devaluation rate is constant

— St
St

dt :J

To completely characterize the policy regime, we write down the balance sheet of the central

bank. The bank issues money M;, holds foreign reserves Btd”*, and net domestic assets

comprising government and central bank bonds, B&. Hence, the balance sheet of the central
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bank is
M, = B + 8, B{""

The central bank flow of funds is

M, — M,_1 + R,_1B® |, + Ri_,S;B™* = B® + S, B&* + Pqfb,

Accordingly, the quasi-fiscal balance, ¢fb;, is a function of the return on external and do-

mestic assets, the domestic inflation rate, and the real exchange rate.

2.6 Fiscal Policy

The government collects taxes on consumption, capital, and labor, receives the quasi-fiscal
balance from the central bank and revenues from the commodity sector. It issues public debt
to finance its overall balance. The central bank holds a fraction ¢? of the government debt
and households the remaining part. The government spends on consumption, investment,

transfers to households, and interest payments on its debt.

The government budget constraint is
S,PO" (1 =79) 0, + 6F + OF + ©F + B, + Prqfb, = PX (GtX + If’X> + pM <GtM + If’M>

S
- Z P (Gfl + [tgﬁi) + R 1B+ T,

Consumption tax revenues in period t are given by @f = PfrCy, with Cy = f] (c1,50+c250)dj

Payroll taxes in period ¢ are given by OF = 7% f] W/NTdj, with formal labor in a given

union j defined as NJ; = (N{, + Nj,). Capital tax revenues are given by O = 7F (R} — 6Q;—1) K.
G¢ and I} for a € {X, M, S;} are government expenditures in consumption and investment

goods.

Transfers are set optimally to maximize the following government objective:

UPT = U (¢, Nyymy) + w! (b — 5)2 + w9? (try — 5)2
U (ct, Ny, my) is a weighted average of the two types of households. The terms w9 (bt — 5)2
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and (tr; — t_r)2 capture respectively the costs of changing the indebtedness of the govern-
ment and of adjusting the level of transfers (due to inability or unwillingness to make this

adjustment abruptly). b and ¢r correspond to the real level of public debt and transfers in

steady-state. Low w?! and w9? make the adjustments less costly.

Public investment is used to build public capital that enters with a lag in the production
function of the intermediate good producers. Public capital is accumulated according to the

following equation:

K{=(1-08)K{ +2747

where A;_ denotes the authorized budget for government investment in period ¢t — L. Gov-

ernment investment implemented in ¢ is:
L—1
I} = Z In AL,
h=0

with Zﬁ;& vy, = 1. This specification of the investment process assumes that it takes time to
build public investment and there are lags between the announcement of public investment

and its implementation. ztI Y is a productivity shock in public investment.

2.7 External Sector and Current Account

The external interest rate is the sum of an external risk free rate R} and an endogenous risk

premium. That is:

_ nfa;, _ nfa
R =R; — ) [exp | s —5=— -1
o "( p(tGDB GDP) )
The country risk premium is a negative function of the ratio of net foreign assets to GDP

nfay, and €2 is the elasticity of the country risk to the net foreign asset-to-GDP ratio, nfay,
which is defined as (nfat " b?*)

We define gross domestic product, GDPF;, as follows:
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S
GDP =YX + ) Y + spf" O

Non-commodity exports are modeled as

X\ ¢
(Jt*’X:(pl> o

St
where C} is proportional to the external output and €* is the elasticity of exports to the
exchange rate. The balance of payments equation is found by aggregating the households

budget constraint, the government budget constraint, and the balance sheet of the central
bank.

Si (Bl + B = Ry Bl = BB ) = BXCS + S,0P0 = P (CY 4+ 1 + G + 1)

The country trade balance tb; in real terms is given by

thy = exports; — imports; = [thCt*’X + stp?*ét} — [st (C’tj\/l +IM L GM 4 ]tg’Mﬂ

3 Results

This section presents the results of four shock scenarios: a productivity shock, a fiscal con-
solidation, a foreign demand shock, and an exchange rate devaluation. We compare the
responses of the full model—including an informal sector—with those of a model without

informality. The inverse effects hold symmetrically in response to opposite shocks.

The model is calibrated for Bolivia using the past twenty years of Bolivian macroeconomic
data to capture the main structural parameters of the economy, following Gonzalez et al.
(2022).? The initial state of the model, calculated to reflect Bolivia’s situation at the end of
2024, incorporates an external deficit of 5.0 percent of GDP,? a fiscal deficit of 10.3 percent of
GDP, and foreign reserves at 4.1 percent of GDP. We combine World Bank Enterprise Survey

and International Labor Organization data to calibrate the relative size of the informal sector.

2See Table A1 for a summary.
3Includes both the current account deficit and net errors and omissions.

22



Figure 2: Informal Employment Share in Bolivia
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Notes: This figure presents estimates of the informal employment rate for Bolivia from the International
Labour Organization, the World Bank Enterprise Surveys, and an augmented factor model based on Yao
2024.

Following the International Labor Organization, we assume that 85 percent of employment
is informal. Further, we use an augmented factor model (following Yao, 2024) with World
Bank Enterprise Survey data from 2006, 2010, and 2017 and estimate that the informal
sector makes 68 percent of GDP as of end-2024.* In Figure 2, we validate the accuracy of
our augmented factor model estimates by showing that its estimated informal employment
shares over time in Bolivia match that of the International Labor Organization. We split
the services sector by two types: basic and technical services. Basic services are more reliant
on informal inputs, while technical services are more reliant on formal inputs. By sector,
informality makes up 34 percent of technical services value added, 79 percent of basic services
value added, and 75 percent of exportable goods value added. We assume that the elasticity
of substitution between formal and informal inputs is higher for exportable goods and basic
services (e = ebsicl = 5) than for technical services (e‘**hncal.f = 2)  In the model
without informality, we assume that all labor is formal (or (¥ = 0 and N;; = Nﬁ) and all
production relies solely on formal inputs (or k* = 1 and Y;*' = 0). All other calibrated

parameters and variables are held fixed.

4See Annex A.2 for details.
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Figure 3: Impulse Response of Output and Inflation to a 1% Negative Productivity Shock

%1073 Output Inflation

Informality Informality
— ——— No Informality — ——— No Informality
0.025 | 1

0.02 1

0.015 |

%
Yo

0.01

0.005 |1

10 . . . . . . . -0.005 . . . . . . .
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16

Quarters Quarters

Notes: This figure presents the impulse response functions of output and inflation to a uniform 1% negative
productivity shock to all sectors. The impulse response from the full model with informality is presented in
blue and that from a model without informality is presented in red.

3.1 Negative Productivity Shock

We find that informality reduces the negative output and inflationary impact of negative
supply shocks. Figure 3 presents the impulse responses of output and inflation to a uniform
1% negative productivity shock across all sectors, comparing the full model with informality
to a model without. The initial output decline is smaller in the model with informality, and
output subsequently overshoots to partially recover early losses—an effect not present in the
model without informality. Inflation also responds more mildly and returns more quickly to
baseline in the model with informality, whereas inflation remains elevated for longer in the

model without informality.

Because formal input prices and wages are sticky and do not adjust downward in response
to the negative productivity shock, production reallocates toward informal inputs, while con-
sumption shifts toward non-traded goods. As shown in Figure 4, this leads to a reallocation
of labor and production toward the informal sector: informal labor increases significantly in
the initial quarters, while formal labor contracts. Similarly, informal production falls by less

than formal production when the shock hits and then rises temporarily following as firms
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Figure 4: Impulse Response of Informal vs Formal Labor and Production to a 1% Negative
Productivity Shock
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Notes: This figure presents the impulse response functions of labor and production to a uniform 1% negative
productivity shock to all sectors. The impulse response for formal labor/production is presented in red and
informal labor/production is presented in blue.

substitute away from costlier formal inputs, cushioning the overall output and inflation im-
pact. In Figure 5, we report the impulse response functions for other variables in the model

for completion.

3.2 Fiscal Consolidation

We find that informality buffers the negative impact on output from a contraction in domestic
demand. Figure 6 presents the impact of a fiscal contraction via a 1 percent reduction in
government consumption on output and inflation,” comparing the full model with informality
to a model without. The simulations show that the negative impact on output is significantly
smaller with informality. However, the presence of informality amplifies the deflationary
response: inflation initially falls more sharply and takes longer to stabilize, with some output

cost in the longer term.

In Figure A1, we report the impact of a 1% increase in the income tax on labor.
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Figure 5: Impulse Response to a 1% Negative Productivity Shock: Other Variables
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Notes: This figure presents the impulse response functions of consumption, investment, fiscal balance,
current account, domestic interest rate, and real exchange rate to a uniform 1% negative productivity shock

to all sectors.
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Figure 6: Impulse Response of Output and Inflation to a 1% Reduction in Government
Consumption
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Notes: This figure presents the impulse response functions of output and inflation to a 1% reduction in
government consumption. The impulse response from the full model with informality is presented in blue
and that from a model without informality is presented in red.

The price of informal inputs decreases relative to that of the formal sector due to nominal
rigidities. As a result, tradable production shifts to cheaper informal inputs, consumption
shifts to cheaper non-traded goods, and labor shifts to the informal sector. Figure 7 presents

the impulse responses of informal versus formal labor and production.®

3.3 Foreign Demand Shock

We find that informality bolsters the gains in output from an increase in foreign demand,
while softening the impact on inflation. Figure 8 presents the impact of an increase in foreign
demand on output and inflation,” comparing the full model with informality to a model
without. The simulations show that the positive impact on output is slightly larger with
informality. At the same time, the inflationary impact is slightly smaller with informality.
Since formal input prices and wages are sticky, formal sector production and employment
expands more slowly in response to an increase in demand. The informal sector expands

more quickly as its wages and prices adjust flexibly. Since formal and informal inputs are

6We report the impulse response functions for other variables in the model in Figure A2b.
"We report the impulse response functions for other variables in the model in Figure A2c.
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Figure 7: Impulse Response of Informal vs Formal Labor and Production to a 1%
Reduction in Government Consumption
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Notes: This figure presents the impulse response functions of labor and production to a a 1% reduction in
government consumption. The impulse response for formal labor/production is presented in red and informal
labor /production is presented in blue.

substitutable in the production of tradables, output in the tradable sector expands more
with a smaller increase in price. Additionally, domestic consumption shifts to non-tradable
goods as the price of tradables increases, also since that tradable and non-tradable goods are
substitutable in consumption, further boosting output and softening the upward pressure on

prices.

3.4 [Exchange Rate Devaluation

A devaluation of the exchange rate raises the price of imports but increases foreign demand
for exports. However, Bolivia’s exports are mostly commodities which are relatively inelastic
to the exchange rate.® We find that informality reduces the negative output and inflation-
ary impact of a devaluation from increased import prices. Specifically, we consider a 30%
devaluation of the exchange rate and present the impulse response functions of output and
inflation in Figure 9. We find that GDP contracts by about 0.4% in the first year relative
to the baseline in the model with informality, while the negative impact is larger at 0.5% in

the model without informality. We find that inflation spikes by 8 percentage points in the

8In the case where exports are more elastic to the exchange rate, a devaluation would boost exports and
hence output.
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Figure 8: Impulse Response of Output and Inflation to a 1% Increase in Foreign Demand
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Notes: This figure presents the impulse response functions of output and inflation to a 1% increase in
foreign demand. The impulse response from the full model with informality is presented in blue and that
from a model without informality is presented in red.

first quarter following devaluation in the model with informality, while the inflation impact

is 10 percentage points in the model without informality.”
Figure 9: Impulse Response of Output and Inflation to a 30% Exchange Rate Devaluation
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Notes: This figure presents the impulse response functions of output and inflation to a 30% exchange rate
devaluation. The impulse response from the full model with informality is presented in blue and that from
a model without informality is presented in red.

9We report the impulse response functions for other variables in the model in Figure A2d.
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4 Conclusion

The informal sector accounts for a large fraction of the labor force in many emerging market
and developing economies. This paper develops a dynamic stochastic general equilibrium
model of a small open economy with an informal sector. Simulation results suggest that
informality can play a significant shock-absorbing role. Informality dampens the adverse
effects of negative supply-side shocks—such as productivity declines or increases in import
prices—on output and inflation. In the case of a positive external demand shock, informality
amplifies the gains in output while mitigating inflationary pressures. Moreover, it cushions
the contractionary effects on output from a decline in domestic demand, such as a sharp

fiscal consolidation.
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Appendix

A.1 Appendix Figures and Tables

Figure Al: Impulse Response of Output and Inflation to 1% increase in the Income Tax on
Labor
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Notes: This figure presents the impulse response functions of output and inflation to a 1% increase in the

income tax on labor.
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Figure A2: Impulse Response of Other Variables
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Notes: This figure

(d) 30% Exchange Rate Devaluation

presents the impulse response functions of consumption, investment, fiscal balance,
current account, and real exchange rate to shocks as specified by the panel titles.
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Table Al: Key Model Parameters

Parameter Value
External deficit 5.0% of GDP!?
Fiscal deficit 10.3% of GDP
Foreign reserves 4.1% of GDP
Share of informal employment 85%
Share of informal GDP 68%
Informal share of value added, technical services 34%
Informal share of value added, basic services 79%
Informal share of value added, exportable goods 75%

Elasticities of substitution

Formal vs. informal inputs, exportable goods eSF =5

Formal vs. informal inputs, basic services ghasicF — 5

Formal vs. informal inputs, technical services glechnical,F' — 9
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A.2 Informality in Bolivia

The informal sector accounts for a large fraction of economy in Bolivia, as in many other
emerging market economies. Micro data on informality is only available infrequently, making
it difficult to assess the current size and dynamics of the informal economy. The most recent
World Bank Enterprise Survey, measuring informality among firms in Bolivia, was conducted
in 2017. Recent International Labor Organization data points to 85 percent of employment

being in the informal economy.

For our analysis, we use an augmented factor model based on Yao (2024) that estimates
factors that link the causes and indicators of the informal economy (Table A2). The model es-
tablishes a predictive relationship between the estimated factors and survey estimates across
countries to estimate informality in Bolivia over time. It also allows for decomposition of the
estimated degree of informality into contributions by factors and by projected indicators.!
World Bank Enterprise Surveys were collected in Bolivia in 2006, 2010 and 2017 report firm
level data on informality. These survey data points discipline the predictions by the aug-
mented factor model by setting the model average in these years as the average of these data

points.

The model estimates that 84 percent of firms operate informally, accounting for 68 percent
of GDP. Informality is higher in the services sector and firms with lower value-added are
more likely to be informal. Informality makes up 34 percent of technical services value added,
79 percent of basic services value added, and 75 percent of exportable goods value added
(Figure A3a).

The model estimates that the informality has increased since 2016 (Figure A3b). The
share of informal firms rose from around 80 percent in 2016 to 84 percent in 2023. The model
reveals that this increase was driven by a decline in export sectors, slower per capita income
growth, higher unemployment, and a larger footprint of the state. Likewise, the share of

informal employment rose from 76 percent in 2016 to 85 percent in 2023.

1'The MIMIC model is a special case of the augmented factor model. Its latent variable is the first principal
component of the augmented factor model under strong assumptions about the indicators and Yao (2024)
shows that it is not a useful predictor of the degree of informality in survey data.
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Table A2: Causes and Indicators of Augmented Factor Model

Variable

Source

Causes

PPP GDP per capita, unemployment rate

Rule of law, control of corruption, government effective-
ness, voice and accountability, regulatory quality, polit-
ical stability and absence of violence/terrorism

Trade openness, tax-to-GDP
consumption-to-GDP

ratio, government

World Development Indica-
tors

Worldwide Governance In-
dicators

World Economic Outlook

Indicators

PPP GDP per capita
Currency in circulation
Labor participation rate (aged 15-64)

Electricity consumption

World Development Indica-
tors

International Financial

Statistics

World Development Indica-
tors

World Development Indica-
tors

Figure A3: Agumented Factor Model Estimates of Informality in Bolivia
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Notes: This figure presents estimates of the informal value added and employemnt shares for Bolivia from
an augmented factor model based on Yao 2024.
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A.3 Additional Model Details

A.3.1 Households First Order Conditions

As informal labor markets are non-unionized, households also choose on their own their

supply of hours in the informal labor market.

The first order conditions for the households ¢ = 1 are given by:

1 1
y————— — PR ——— =AM (1+ 7)) R
C1,t —SC1-1 Cli+1 — SC1g

Ay = BEA R
AiSy = BEN 14181 Ry

I I I I I
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T = BT (1=08) + BEA 0 ((1—7/41) Ry + 7/510Q0)

M

M —0
M ( Plc’t> = (A — BEA 111) Py
t

Where f’(-) refers to the derivative of f with respect to Itl—il which corresponds to
I

The additional, new first order condition is the one for the informal labor supply:

N O'N 8N17t
No, 2t
T ONL,

ONy, _ (1—LN);%N N_1It N
ON{, Ny

and T is the Lagrange multiplier of the labor force constraint stating that labor supply must

= Al,tWtI - Tl,t

where

be less than the available household time endowment, e.g., Ny < N.

In real terms these conditions are given by
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u u C
2 — PBEiz4¢ = A (1+7)
C1t —SC1 -1 C1,t+41 — SC1 4
Ry
/\1,t = 5Et)\1,t+1
Tg+1
sk
t
)\1,t5t = 5Et)\1,t+18t+1 "
M1

I I 1 I
Al,tpf = utztf (1 —f (_t) — (_t) _t) +5Et/it+12’tl+1f/ ( t+1> (
It*l [tfl [tfl It

e = B (1 —=0) + BB [(1 - Ttk-l-l) 7’?4—1 + Ttk+15 Qtl]

Tt
—oM 1
VM (ml,t) = >\1,t - BEMLtH
Tt4+1
1
. Ny | oV
1,

The first order conditions for the households without access to credit markets are:

1 1

Z?m - ﬁEtﬁHm =N, (1+7)Pf
M
7™ (%) = (Agy — BEAg 1) Y
t
and
VNNQT,;V g%}i = AW — Ty,
where

In real terms these conditions are

1 1
y———— = BEizs————— =X (1+ 7))
Cot — GCot—1 * Cot+1 — SCat
M M 1
Y (m2,t) 7 = )\Q,t - 5Et)\2,t+1
Tt4+1
1
I S N N N N2,t PN
)\27twt — T27t = 7 Ngt (1 — ! ) ~T
7 Ny,
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A.3.2 Unions

The optimization problem of the unions for labor type j -which corresponds to choosing

the wage rate W1, subject to the households preferences, budget constraints, the law of

It
movement of physical capital, and the law of movement for the formal sector wages when
= Ni] . =0,

the unions are not able to adjust the wage, and under the assumption that N/, , =

and therefore N;; = [ N; ] .- is given by the following Lagrangian :

L= 50 Z (Bew)s {(1 — V) (Ztu+8 1H(Cj’17t+s — §Cj’1’t+371)
s=0
1 140 1 1—0o
TN T o Nj,l,tjrvs + Re e — o1 mj,l,tfs)

+ V(Zt+s In(¢joits —SCjotrs—1)

1
1+o l—0o
Rk 5—
+ (1 - V))‘j 1t+s [((1 - Ttk-;i-s> +7 t+s QtJF 1)Kjt+5—1
w Tits—1 Tits—1 ’

0]
w i a) *
+ (1 - Tt—‘,—s) gt+sN1Fg ts T wt—l—sN]Il ts T 1—w wStOt-‘rSPt(-)FS

R, R

+s—1 t+s5—1 7%

+ bj,tJrsfl + 5t+s*—b] t+s—1 + tTJ}LtJrS
Tits—1 Tts—1

ftJrs ml,tJrsfl
+ 224

P, t+s Ti4s—1

- (1 + th—l—s)cl,t—i-s

I *
- pt+sft+s — Mit4s — beys — 8t+sbt+5:|

w F 1
+ V)‘j,Q,tJrS [(1 - Tt+s)wj,t+sN],2 t+s + W; t—i—ij 2,t+s + trj 2,t+s
M52 t+s—1
j7 ) S
4 Lo
T4+s—1

C
— (1 4+ 75) ¢4 — mz,t+s}

the first order conditions are given by
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oL 1
=(1-v)=* (Zt+s — €251 be > +

el Cjlt+s — SCjltts—1 Cjlttstl — SCjltts

1 Bs
V*\ Zits — &2yt
Cj1t+s — SCj1t4s—1 Cj1,t4+s+1 — SCj1t+s

where from the point of view of the unions 7 = 1 and N/;, = 0 which implies:

N N 1 pN—l

Nua = [V (5) T (=) (40) 7T = () NG -

F _ F F
Nji = Nijo+ Ny,

w

WE\
F it F.d
Njp = (W_ZF> N

Wages are given by the following in the periods in which unions are not able to optimally

adjust them
WEy = W niinex

Therefore real wages are adjusted as:

wh, = wk, g i
gt Tat=l c
-1
The first order conditions with respect to ¢j; (¢;+ = ver e+ (1 —v)coje = vers +

(1 — V) CQ’t), mj¢ (mM = VM —+ (1 — V) Mot = VMg —+ (1 — V) m27t), Kt, [t; bt, and b;k are

given by:

41



oL ' ( v 1—v ) 41 ( v 1—v )
= gv)" z* + 4 (86" Ezt¢ +
acj,t (ﬁ ) ¢ C1t —SC1t—1 Cot —GCCo¢—1 (ﬁ ) e Cit+1 — SC1t Cot+1 — SCat
—(B0“)' Ny (1=7) =0
oL w\t —YM —YM w\t Y w\t+1 5‘j,lH-l
5 = (BO") yar (v (mag) ™+ (1 =) (maa) ™) — (B6")" N\ju + (86°) &=2— =0
Myt T
oL wyt |~ w41 3 k k koot ~
= —(BO) vitj, + (BOY) " vE | Ajusr (1 - Tt+1) Teor F 70— ) F i (1—=0) ) =0
({9Kj¢ Tt

oL t 3 I ~ I I; t I; t 1
— Qv )\ . 1 — bt ) T f >
014 (B6%)" v ( Pt HgaZs d L el Liv1) Ljs

N I; I
+ (50111)15-‘1-1 Vgtﬂj,tJrlngrle,tJrlf/ < ]I,t‘+1> j,t+12 _
it/ (Lje)
oL ~ ~ R
8_b = — (ﬁ9w>t V>\j,t + <59w>t+1 V(‘:t)\j7t+1;t =0
t t
oL ~ ~ R
= —(B0) vhjus + (BOY) T VEN 11811 — =0
ob; ("
They imply

v 1—v v 1—v ~
2 <C + ) _ 59%5,523“ ( + ) = )\j,t (1 — th)

1,t — SC1¢—1 Cot —GCCo¢—-1 C144+1 — SC1g Cot4+1 — SCoyt

: ey Y
(v (ma) 7 (L= v) (mag) ) = Ay = BOUESLE
t

. w < q .
Mt = BOVE, ()‘j,t+1 ((1 - tk+1) Tf+1 + Tt’i157r_t) + [ t+1 (1 - 5))

t

- I, I, I, I I\
vl e (1= 1 (725 ) = (72) (25)) = o (ot (52) (%2)
b = fars / it I lie1) \Lji POE Borizin ] L T

- N
>\j,t — Bewgt/\j,t_;'_l—t
Tt

- - R*

>\j,t5t = ﬁewgt)\j,t-&-lst-‘rlﬁ_i

t
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The first order condition for consumption implies that

v 1—v v 1—v
2 < + ) + B0YcE 2 ( + ) —
Cit —SC1 -1 Cot — SC24—1B80w¢

Cit+1 — SC1t Cot+1 — SCot

z v U Su
v <—t o ﬁewggt t+1 > + (1 . V) ( t o ngggt t+1 _
C1t — SC1e—1 C1t+1 — SC1 c

2.t — SC24—1 Cot+1 — SCat
v{Ue(cr)] + (1 =) [Uc(c20)] = Ny (1 — 7))

Therefore
s U ()] + (1= v) [Ue (cz0)]
(1—7)

. . wk o
The first order condition with respect to wf . = ?Jt't is given by
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P —e¥—1 F\ —€
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7 = (B0Y) yne F 7Vt i3 t
ow;, wy wy wy
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—e¥—1 —e¥ oN
F € 2= (1—®) X F
+E& (ﬁew)t+1 w wj7t+1 1 NF’d g ﬂ-( X_)ﬂ-t —wj’t+1 NF’d
t YNE F F Vi1 c F t+1
Wiyq Wiyq Ly Wiyq
—ew_1 —e€
F € z=(1—x") 2 _xv _xv F
& (86" 42 w [ Wit+2 1 NEd (g T ) T 1T Wi 142 NEd
+<4 ) INE —F F AViro ¢ ¢ F t+2
Wiyo t2 T 1Ty Wiyo
F\ €1 F\ —€
~ W wi
t w F w 7t Fd 7.t Fd
+(BOY) Ny (1 — —ws e’ | —% —N, "+ | == N;~
(37) Xy (=) | wfie () o
_ew_1
F € —(1=x®) X"
- W3 1 2g(=x") g
wyt+1 w Fw jit+1 Fd [ Y t
+(B80)" E A (1_Tt+1) Wi €\ TF 7N c
Wit Wy 4
w
2=(1—x),_x¥ F —¢
n gFrtx )7Tt Wy 141 N
e U)F t+1
t t+1
_ew_1
F € z=(1—x¥)\2 X" X"
+(69w)t+2€5\4 (1_ w ) _F w [ Witr2 1 NEd (9 m ) Ti1Ty
tAG 42 Tito W 1426 wk wk 2 c e
t+2 42 Ty Ty
_Lw
( Zﬁ(l_xw))27rxw ax wt ‘
n g t+17¢ G2 N
we, e wk, t+2
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This condition implies

. _ew 1+on
1 w;
w Jst Fd
INE U)F ’LUF Nt
7t t
F _ew 1+on
1 (I
J4+1 F.d
+ (501‘]) ’}/Nﬁw Ia gt JF Nt+1
w:; w
It t+1

14+on

wFt+2 - Fd
+(59w) INE w_gt L Niio

it Wiyo

+ e
- AN
= (Ew — ]_) )\jﬂg (1 — T;LU) (w_]}f) NtF’d

t

PN 2 (1ox) X
w Wi t41 d [ 9T i
PR A e e

t+1 T

F - 2=(1-x")\2 XY _x¥

Wjyio 7 g°m T T
(€ = 1) (80°)* ENjea (1 = 7i4) | =25 N5 ( c)

Wy o T 1T

©++

s-1
When unions can’t adjust optimally their wages those are WF, . = W TT g7t X7y, .

a=1
s—1 z—( X ) Xw s—1 z—(l—Xw) Xw
g-m s _ . g'm s —
Therefore real wages are wl,,, = wl, [[ ————*=. Defining X[, , = ]] ——tre=l
) Jit Tita—1 I8 Ttta—1
a=1 a=1
we can re-write those wages as wJF trs = F X ;1.5 and the previous expression as
P 7 W 1+0'N
[e.9]
1 Wi X
w w\S ]7t ],t,S Fyd
Yne —=E E (B6*) —F Nifs
Wit o Wiys

= T wFtXFt - Fd~F
= ("= 1) & (B0") Ags (1—714,) | 2522 NEEXE,
s=0

Wiy s
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Given that

W 14+on
Uye (NEL) = —w (N5)7 = Wi X NEd
Nt}j;’s j,t+8 - P}/N j7t78 - wF t+s
t+s

The previous expression can be re-written as

_ew

w G w\S F X]FtS ‘ F.d
—€ &Z(,@H ) [UNQS (Nj,t—i—s)} 7 Niys

=0 Wits

o = XF ) —ew
= (= D&Y (0) Niowe (1= 7)) Wi XL (ﬁ’ ) N

s=0 t+s

Which can be written as

> XF - e? Njitrs (1 — Ty ) wi X5
g (ng)s [U » NF . } ( J,t,s) NF,;J — ) s 7 7t -0
t ; Nits ( Jt+ ) wﬁrs i+ w1 [UNtF“ (Nﬁﬂ)]

substituting in the previous expression S\jﬁs we get

w

00 XF —¢
&Y (80 [Ung, (Nfir)] ( F> N/

s=0 Wits

¢ v[Ucleres)] + (1= v) [Ue(eaurs)] (1= 78) win X

* =0
e —1 (1—78,) [UNELS (Nﬁ+s)]
After further manipulation the expression can be re-written as:
5§: 89 [ Unr (NEL Y| (XE ) (wF ) N v L—v Fxr o<
t pa ( ) Ntli‘l’.s ( j7t+5) ( j,t,S) (wt+5) t+s MRSl,t—‘,—s + MRSQJJ,-S wjvt jatzs ew _ 1
=0
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where

UNF

MRSi tts — — t+s (Nj{?gs) (1 _ th-f—s)
) UC§+S (Ci,jﬂf,s) (1 — Tgl-s)

A.3.3 Labor Market First Order Conditions

The optimality condition for the unions that can adjust wages is given by:'?

12Union’s first order conditions with respect to consumption and labor would be given by

1 S
(1-v) {z" — BEtz4 g1 } +
bts Cj1,t4+s — SCj1,t+s—1 st Cjl,t+s+1 — SCj1,t+s
1 S
v {zlﬂrs — BEizi } =
Cj2t+s — SCj 2 t+s—1 Cj 2 t+s+1 — SCj 2 t+s
{(T=v) Nrrs FvNjoest 1+ 75,) =
ou(- ou(-
1y 2u) | 0ul)
dcjaie  Ocja

] (cjae o)

1

N
N aroy NN 1,t+s
(1_V) Y Nj,l,t+s ~F
J,1,t+s

O'N

1

N

N; |7
N N1Vj2,t+s
vy Nj727t+s |f —

F
J,2,t+s

{(A =) Nrirs +vhjast (1= 15 Wiy =

ou(-) ou()
(1-v) +v =
NI, ONT,,

e (NS NS

Unions choose their wage such that it is above the one that would be dictated by the first order conditions

of workers of type j (e.g., ijtfrof )
F F,foc __ (1 + TtCJrs) ﬂ’][{ﬂ’ (N]f‘l,ﬂ Nf;,t) _ 1

Witts = Wiihs = i -
e (-ngy) w(Ganciae)  MRS(cia¢i00 NFL NF, )
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£ ov)* ~U (NF NF )@Nj,t—l—s awj:t‘f‘s
t (B0%) Unr Lt Y5240 5 F Fx
Wi t4s awj,t

s=0
T w, ONE owTl
+)\U . 1_,7_w8 Jt-i-sNF 5+wF . t+s jt+s —0
jars (1=705) gl I I gul  gu T
where
5\jU,tJrS = [(1 - V))‘j,l,tJrs + V)\j,l,tJrs]

ou(-) ou(-) oN 4L Ny 1
V) :_IVN (1_V)N1t+s +7/N2t+sN

ﬂ%F(NfLw Nf2,t) = (1 -

+ v
ONfY, ONJy,

As the nominal wage s periods after the last re-optimization is given by:

w

F _ F z=(1—x¥
Wj,tJrs W Hg 7Tt+a 1

and in real terms this wage is given by
F _ F ¥F

Witts = WitrsXjt,s

s—1

SF .
Xj1t75 - l l
a

z=(1-x"), X"
gm Tita—1

C
=1 Tt ta—1
wl’ " Fd
N Jrt+s Yy,
Given N, = ( ol ) hiis:
ONFE wi* XF e 1
] t+s _ E’U) ]7t j7t7s ( ) hF,d
- - F T ] Th+ts
aw] t+s wt—l—s wt+s

The previous first order condition can be re-written as:
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oo s €W 0N+LN 0_N+LN LN N w%*)ziﬁ —eW Ny
& Z (B6") (e“’ — 1) o {(1 —v) Njiads + VN2 } (NT ]VV—FJ hils

s=0 7,t+s t+s

s=0

a ~ - 1—e¥ XF —
w\S w Fx ,t,8 F.d
= & E (B0") >\§ﬁ+s (1 - TtJrs) Xft,s <wj,t > (—Jp ) hy s

some further manipulation allows us to define the two sides of the union’s first order

e . L R
condition in recursive terms as f;" and f;”

j?t

N, 1 N, 1 N -~N _ew
w, L _ N 7 +pN 7 +pN L r F\e? Fyx F.d
t = 7 [(1 —v) Nj,l,t + VNj,2,t ~NF (w;) w hy

w

wh* Ty x|
Fx T t+1
Wjt+1 t+1

w,R e’ =1\« w Fx 1=e® e’ Fd
= (SR (uf) T W) e

1—e¥ 1—e¥
F* _(1, w w
i X¥) X
+ogev | St - w.R
Fx T t+1
Wyt41 t+1

If the wages were flexible the optimality condition would take the form of:

O.NJ’,L O-N+L 1
{(1 — V) Ny "+ VN; o4 pN} (LN >pN

There is always a markup between the union’s “Marginal Rate of Substituion” (MRS)
—which is a function of the weigthed marginal utility of formal labor, and marginal utility of
wealth across types ¢ = 1, 2 for labor type j— and the real wage, and both types of households

will always be willing to supply more labor when the real wage increases.

Wages negotiated by the unions in each period are identical. Each period a share (1 — 6")

of the labor type belonging to each union is able to negotiate its wage. Then we have the
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following equilibrium condition in the formal labor market
NF =¥ NF

where v}” > 1 measures the inefficiency created by the wage dispersion. Because v’ > 1, it

implies that the labor supply is higher than what the firms use effectively in production.

F XY =(1—x*)\ Fa\ —¢
w_ gqw | Wic1 T 1T w wy [ Wit
Ut_g Fg Ut_1+(1—9) —F
wy T w;

when wages are flexible the dispersion disappear and v;” = 1.

The aggregate real wage index evolves as in the following equation:
x* —=1—x"v 1—e 1—ew
T 4T D 1E
wy = | 0" <wf_1f—t 1 ) + (-0 (wfi)

The overall wage index of the economy weights both formal and informal wages. It is

given by:

1
= () (1) () )

A.3.4 Intermediate Formal Firms - Cost Minimization

We assume two types of services: S1 and S2.

The solution to cost minimization problem of the firms according to which they decide

their demand for labor and capital is given by the following first order conditions:
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a,l a,F t
w, = mec (1— ) oIF
t
a,lf
kFa a,l a,FY;
T = me¢ « I
Ka,l
t—1
a,l
- a,l a,l Kf
w, = me (1— ) all
t
a,l!
kl.a a,l! a,IY};
Ka,l
t—1

and mcf’l“ corresponds to the real marginal cost of the firm [%% given by

a,it

Tkii,a (o4 ’LUii 11—«
t t
a l” @it 1—qtt
b

t .. ] — @it @, 9,0t o891t
2™ (Zf’”) (Kf_l)

a,it

This cost is identical across firms in the sector (a, 7). This marginal cost not only depends
on the price of the factors rf e and wi’, as in standard models, but also includes the costs

of adjusting their capital.

The previous equations define factor demands of each sector (a, i), which are implied by

7lF 7F
wl 11— KM, 1—a%f K7
kFa F F
rh \a aa,F Nta,l aa,F N:
a,l! a,l
w! 11— K, 1 - K
kla T — I
Rt ,a aa,F Nta,l aa,F Nta
where
a,it a,it
kisa _ k t—1 t—2
e =k f -

a,it a,it
Nt Ntfl
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The corresponding demand for capital is given by

kii p-d ki, X 7-X iii,a,d kii,S1
K =T K +r

S1,iii,a,d kii,52
t K + 1y

Capital is sector-specific and it is defined as a composite factor:

52,ii,a,d
K

1 == 1 s=1\ -1
K, = <§<(Kf) 21— OFKD ) 1
ﬂF
F zF % 2 F ﬂFl?l SlF% S1F 1;1 SoF % SoF FEI 9F_1
K = [(*F)or (KPP 57 4 (XS or (K5 m o (32 or (K 92F) Sr
19]
1 I_ 1 I I T
KU = (P T 4+ G (5 4 (o) () )

The previous optimization problem implies that

1 1
Bitl (¢ir) (i) = EbEE
t t
1 1
Kt < KI of k,xl
]E[?"k ](C_) (Xxl t> :]E[T ,x]
t+1 K{T Kta;l t+1
K, : KF O\ 7 k.S1F
Bkl (Gip) (" meir ) =B
t+1 KtF K£91F t+1
K c K1 o
Eitl (cop) ()" — B
t t
Kt % KF 19% k.S2F
Efrk ](C—) (x ) — B[]
t+1 KtF K{S'QF t+1
1 1
K.\ < KI \ o
ikl (¢0r) (V) — B
t t
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A.3.5 Intermediate Formal Firms - Optimization

Intermediate formal firms take as given the price of their inputs, and because they produce a
differentiated intermediate good, they are able to choose the price of their good Pt“’lF subject
to their production technology, the composite labor technology, the adjustment costs for
labor, and the fact that the firms cannot optimally update those prices in every period. In
each period a share (1 —6#) of the firms will adjust its prices optimally, while the remaining
share 0 will adjust their prices following a simple rule. The firms profits in period t are

Ha,lF : . .
. which are given by:

a,l¥ _ palfyralf a,lf < a,lF
I =F7 Y, —Ag, Y

where Pta’lF might be an optimal price Pt“’lF’* or a price updated following the simple index-

ation rule previously defined.

Firms in the intermediate formal sector maximize their value v;;f which corresponds to
the discounted sum of their profits and is given (in nominal terms and adjusted by produc-

tivity growth) by

1F > A1 t+ Pc Za 1F 1F F F
a, o H\S TSt t4+s“t+s a, a, a, a,
IIla%( VH,t - z : (69 ) gt A, ,Pcza (Pt+5 }/;H-S - MCH,H—SY;H-S )
Pta,l s—0 1,td ¢ t

subject to the demand for their goods

_.a,F
Pa,lF €
Ya,lF — t Y{l,F
t paF t
t

and the simple indexation rule for those periods in which the firms cannot optimally adjust

their prices

alf _ palf _IH —(1—1H)
P =P M7

The simple indexation rule implies that for those periods in which the firm is not able to

adjust its price, the price in period ¢t + s can be expressed as

al¥  palf H
Pt+s - Pt Xt+s
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where
s—1

Xprs = [ [F7010)]
§=0

Consequently, the demand for goods in period ¢ + s when the firm has not being able to

adjust its price is given by:

Pa lF _ea’F Pa lF _Ea’F

all t+s a,F t —e»F o a,F

Y;H—s - (Pa’F> Y;H—s - (Pa’F> (XH,H-S) Y;H—s
t+s t+s

After substituting for the expressions for prices and the demand for formal intermediate

goods, the value of the firm can be re-written as:

a,F
o

c a alF\ ¢
alf § H\S ALH'SPtJrsZtJrs a,lf a,l¥ ]Dt —en
ma%{ V[—Lt - (/80 ) gt A PCZa Pt XH,t+S - AH,t—i—S W (XH,t-i-S)
Pta,l —0 1,td ¢ 4¢ PtJrs

The first order condition for the maximization of the value of the firm with respect to Pta’lF

is given by:
F P _€a,F
vt > Ay s PE 20 pet oF
s — 0[—[ 58 Jgt+st t+st+s X 5 t X . —e® Y(Z’f
apta,lF ; (/B ) t ALtPtCZg Ht+ Pt(if ( Ht+ ) t+

a,F a,F
Pt+s Pt+s

PCLZ _ea’F_l 1
a,F a,lF a,lF t ’ _earF a,F
—€ <Pt XH,t+s - )\H,tJrs (XH,t+s) Yt+s =0

This can be re-written as:

a,F
a,lF 0o . a a,lF — €%
6VH¢ o 2 : (BHH)S & Al,tJrsPtJrsZtJrs (1 . €a’F> Pt (XH )l—ea*F Ya,F
F t c7a aF ,t+s t+s
or" A PEZ; P
t s=0 ’ t+s
Pa lF _Ea’F 1
a,F a,l¥ t —e»F o F |
+€7 AN iss parF alF (Xt t+s) Yive | =0
t+s Pt+3
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7Ea,F
which after factoring out <Pta’lF) implies:

a,F

> s Al t+5PtC Zf F 1 - 1— a,F F
50H gt ) —&c—s — +s 1 — e® - (XH,t+s) € Ya,s
R ) "
—GH"F
a CL,lF 1 1 _Ea,F [l,F
+e ’F)‘H,H-s a,F alF (XH,H-S) Yt+s =0
Pt+8 Pt—i—s

which can be solved for Pta’lF

7Ea,F
o0 H\S Al,t+sPtC+5Zg+S a,lF 1 76a’F a,F
L\ D00 el () ()™ Y
a,l” ’ s
Pt+s - <€a,F o 1)

,Ga,F

A1 4sPE, 22 1—ea,F F
>0 (BOT) € bt () (Xners) ™ Y

t+s

Their optimization problem is given by the following Lagrangian :

- &}j(ﬂeﬂf{ﬂl’FWF‘/ [WéNéf Y (wjfv})]df_RM
0 .
J
~ —a’ —ad al 1-a® ad
+A {th’F (AN () (V)T (k) F—Ytl’F”

subject to

1 e —1 w1
N = (/ (Vi) de>
0

and with prices given by the following equation in the periods in which firms are not able

to optimally adjust them

LF _ plF_IH —(1-1H)
Py = PRrym T

The first order conditions with respect to N JltF , and K''| are given by:
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The first order condition with respect to Ptl " is given by
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This condition implies
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Pt
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Defining X/, ¢ = [] ¢°7 Tihs, We can re-write those wages as WJ,, ¢ = Wi X/, ¢, and

J
s=0
the previous expression as
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After further manipulation the expression can be re-written as:

- —ev v 1—v WF e e?
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The corresponding expression in the original paper, which is in real terms is
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Real terms, using Ff
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L g 1+

The numeraire in the economy is the price of consumption goods Pf. The Budget con-
straint in real terms of the households with access to credit markets and owning physical

capital is given by:
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pl . . . . . .
where p! = 5 1is the relative price of investment goods in terms of consumption goods;
t

m;, are real money balances for the household type i = 1,2, b, are real government’s bonds

holdings, b; are real foreign bonds holdings, e, = St ; is the real exchange rate, r¥ is the real
return from physical capital, ¢; = Qt is the relative price of installed capital ; real wages for

labor varlety j in the formal and 1nformal labor market are given by w . and w! respectively,

or _ B
pt - Pc*
m; is the (consumer) 1nﬂat10n rate between periods ¢t and ¢ — 1, tr;; are government transfers

is the international relative price of commodity exports in terms of consumption,

in real terms, and & = < are real firms’ profits.

A.3.6 Inflation Evolution and Price Distortions

From the optimization problem of the firms in sector a € {X,S;} we know that the price

index of in the sector (a, i), PM" s given by

1

aii b e\ e\ e
) — ) a,1
prit — (Pt ) dl

0

which can be re-written as

1

i (_lii —=(1—lig)) 1€V Tt
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a,it

i - 1—e™
ﬂ_;z,zz — (( Qu) ( a,it, *szz)

We can define the price dispersion as
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1 Pa,l” €
a7ii7p — t (177;7;
W o = / paii dl
0 t
a,it,p

. . . i .
vy measures the welfare cost of price dispersion that makes Y,"" differ across firms

because of the different timing of their price revisions. Those that have not revised their
prices in a long time produce more than if they had been able to revise each period (as
their prices are below the average prices), and those that just have revised their prices are
producing less than the they would otherwise (their prices are above the average prices).

a77"7"7p ] 3 .
v, " is given by:

a,it a,it

1-0% [ patits ¢ 1 Pl i =1-lii\ T
3 . T T i
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a,it . Pav”
0 Pt 10w t

and this corresponds to
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which can be expressed in recursive terms as
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The total market supply of intermediate inputs produced by sector (a,ii) is given by

1 ii L
Jo Y@ i and corresponds to

_ ca,it
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0 0 t
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A.3.7 Model Equilibrium

In equilibrium the budget constraints of the consumers, the government and the central
bank are satisfied, the markets for services, for labor, and for capital clear, and the balance

of payments is given.

We define aggregate consumption of exportable goods C:¥, importable goods CM | services
Cf i aggregate labor supply in the formal labor market N[, aggregate labor supply in the

informal labor market N/, and aggregate money demand M; as

CX = / i+ / i = 4
J J
M / M i+ / M i = 4
J J
Si
C /]1td]+/ j2td]_clt+02t
J
NE = [ Nfdi+ [ N = NN,
/leltd]+/N]2td] _Nllt+N2It

M= /M 1td]+/Mg2th—M1t+M2t

The expressions for labor services j in the formal labor market N thd, the total labor demand
in the formal labor market N/ “the total labor demand for labor services j in the informal

labor market Nﬁd, the total labor demand in the informal labor market NtF ’d, and total
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capital demand K2 | are as follows
. s
Nt = /NXl dl + Z/Nfg”l dl = Ny© 4+ NG
s
NP /NXFdJ_i_Z/NSZ,Fd _ tX,F_i_ZNtSi,F
I I S
Nl = [N z [ S
NI /NXIdJ+Z/NSl,I NXI+ZN51,I
K%, _/Kffi dz+Z/Kf“l dl+/KX dl+Z/Kf”f dl
= K + ZKS“F + K+ ZK?“J = KiY, +ZK51
= Ktli1 + KtI—l
The equilibrium in the goods and services markets is given by the following expressions

V¥ = X+ X+ G+ Y+ opt
Y= GGl

The equilibrium in the external sector is given by the Balance of Payments equation

*

* * = Ri
s (nfa; —nfa;_q) :thC’t’X + Stpto O; — s (C'tM —i—]tM + Giw + If’M) + 8¢ ( ¢

t

L 1) nfa;_q

The equilibrium in the formal and informal labor markets is given by
s
N/ = NP4 NPT = N

S
N/ = NO4DY N =N/
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The equilibrium in the capital market is given by
s
Ky 1= Kt)i1 + Z Kﬁl = thfl

The equilibrium in the domestic bond market is given by
B, = B} + By
The equilibrium in the money market is given by

M = M,
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