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Summary

The thesis comprises three essays that analyse the impact of labour market informality
and labour mobility on macroeconomic fluctuations in a typical Sub-Saharan African
economy, specifically Ghana. The first chapter constructs two New Keynesian DSGE
models with labour market frictions, one with and one without informality, and finds
that informality dampens the response of aggregate unemployment and output while
amplifying the response of aggregate inflation to aggregate demand and monetary pol-
icy shocks. Informality amplifies the response of aggregate inflation, while dampening
the impact of aggregate unemployment to aggregate technology shocks. It, however,
makes aggregate output marginally responsive to aggregate technology shocks. The
second chapter examines the impact of intersectoral labour mobility between formal
and informal labour markets in SSA economies and finds that such mobility dampens
the responses of aggregate unemployment, output, and inflation to aggregate demand,
aggregate technology and monetary policy shocks. The third chapter tests the pre-
dictive performance of the theoretical models against actual data from Ghana, using
Bayesian VARs with sign restrictions from the theoretical models to identify aggregate
demand and technology shocks. We find that the One Sector (without informality)
model approximates the response of inflation, output, and interest rates best to a pos-
itive aggregate demand shock, while the Two Sector Complete Labour Mobility (with
informality) model produces the best approximation of the response in the data to ag-
gregate demand shocks when it comes to unemployment. On the other hand, the Two
Sector models perform better in approximating the response of inflation, output and
interest rates in the Ghana data to a positive aggregate technology shock, with the No
Labour Mobility version performing better than the Complete Labour Mobility model.
As with aggregate demand shocks, the No Labour Mobility (with informality) version
generates the worst match to the data when it comes to unemployment response to
aggregate technology shocks.
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Chapter 1

Impact of Informality on
Macroeconomic Fluctuations in a
Typical Sub-Saharan African

Economy

Abstract

A distinctive feature of labour markets of developing countries, especially in Sub-Saharan Africa
is that a significant proportion of the labour force are in informal employment, with estimates
of up to 80% of the labour force in some countries. The annual contribution of the informal
sector to the GDP of developing SSA countries is estimated to be up to 40%. The enormous
importance of the informal sector to these economies means that a detailed understanding of
how labour market informality affects the transmission of shocks will be helpful in the design
and conduct of monetary policy. This chapter therefore constructs and compares two New
Keynesian DSGE models with labour market frictions, one without informality and the other
with informality to examine the role a large informal labour market plays in shaping the response
of the economy to aggregate shocks. We find that the presence of an informal labour market
dampens the response of aggregate unemployment and output and amplifies the response of
aggregate inflation to aggregate demand and monetary policy shocks. Informality amplifies
the response of aggregate inflation, while dampening the impact of aggregate unemployment
to aggregate technology shocks. It, however, makes aggregate output marginally responsive to
aggregate technology shocks.
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1.1 Introduction

A distinctive and persistent feature of labour markets of developing countries is that
a significantly large proportion of the labour force are in informal employment, with
estimates ranging from 40 percent and 80 percent of the labour force in these countries
(Djankov, Lieberman, Mukherjee, & Nenova, 2003; Schneider, 2004). Sub-Saharan
Africa (SSA) has the largest share of informal economic activity in the world (Medina,
Jonelis, & Cangul, 2017), with the percentage of informal employment as a percentage
of total employment being on average about 20 percent more than in the emerging
market and other developing economics (Nguimkeu & Okou, 2019). Generally, about
90 percent of all firms in SSA are informal firms and typically employ unskilled labour
(Xaba, Horn, Motala, & Singh, 2002; Perry et al., 2007). The annual contribution of
the informal sector to the GDP of developing SSA countries is estimated to be between
25 percent and 40 percent (Enste, 2000; Schneider, 2005; Nguimkeu & Okou, 2019).
The estimated average size of the informal economy in Ghana is 42.91 percent of GDP
using data for 1991 to 2015 (Medina & Schneider, 2018). About 60 percent of employed
workers in Ghana work in the informal sector (Ghana Statistical Services, 2015). The
enormous importance of the informal sector to the economies of SSA countries, both
in terms of size and percentage contribution to GDP with its considerable upward
trend in SSA countries (Schneider, 2005),1 means that a detailed understanding of
how labour market informality affects the transmission of shocks will be helpful in the
design and conduct of monetary policy. This notwithstanding, the vast majority of
studies in the literature in this area have been centred on developed economies and
therefore do not engage in a detailed examination of the possible impact of an informal
labour market in driving macroeconomic volatility and the cyclical response of the
economy to macroeconomic shocks (Fernández & Meza, 2015). To the best of our
knowledge no such studies exist in the literature for a SSA economy. This chapter aims
at contributing to filling that gap in the literature.

This chapter makes one major contribution to the literature on the impact of labour
market informality in driving business cycles. All the studies in the literature that deals
with the impact of informality in shaping the response of macroeconomic variables to
shocks are centred on developed and emerging market economies (EMEs). These stud-
ies include Castillo and Montoro (2012) for Peru, Fernández and Meza (2015), Alberola
and Urrutia (2020) and Leyva and Urrutia (2020) for Mexico, Pescatori, Toscani, Lam-

1Contribution of the informal sector to total GDP of 24 African countries including Ghana has risen
steadily from about an average 34 percent in 1989 to about 40 percent in 2000, according to (Schneider,
2005), cited in (Batini, Levine, Lotti, & Kim, 2010).
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bert, et al. (2020) for Colombia, Coşkun (2022) for EMEs, including Mexico, Colombia
and Turkey, among others. Given that the informal economy represents a more sub-
stantial portion of economic activities in SSA countries than in developing and emerg-
ing market economies (see Schneider (2004), Schneider (2005), Medina and Schnei-
der (2018) and Nguimkeu and Okou (2019) among others), modelling the impact of
the presence of a large informal labour market in the specific context of SSA would
help gain a deeper understanding of the specific dynamics of the informal economy on
its potential effects in driving the response of macroeconomic variables to shocks in
SSA. Understanding these dynamics and the transmission mechanisms of these shocks
would help policymakers in SSA make more informed and tailor-made policies to ensure
macroeconomic stability. This is what this chapter sets out to achieve.

There is no consensus view in the literature on the definition of informal economy. The
differences fundamentally stems from the fact that Statisticians focus on a definition
that ensures the ease of measurement of the phenomenon while Economists focus on
a definition that facilitates an analysis of the causes and effects of informality with
the view of providing effective policy implications (ILO, 2018). The ILO (2021) has
recently attempted to harmonise the two definitional approaches by introducing two
concepts in providing a single definition of informality; the Informal Productive Activ-
ities (IPA) and the Informal Market Economy (IME). The IPA concept of informality
defines informality as “all productive activities carried out by persons and economic

units that are � in law or in practice � not covered by formal arrangements” (ILO,
2021, p. 7). This definition is particularly appropriate for measurement purposes, as
it is inclusive and flexible in respect of the regular definitions of informal sector and
informal employment and potentially covers activities performed by workers regardless
of whether they are employed in an informal or formal capacity, by formal or informal
economic units, or even by households. The key criterion is that the productive ac-
tivity is not covered by formal arrangements. The IME concept of informality defines
informality as “all productive activities, carried out by workers and economic units for

pay or pro�t that are � in law or in practice � not covered by formal arrangements .”
(ILO, 2021, p. 11). This definition represents a subset of the IPA concept, as it only
captures employment and enterprise activities for the for market, which makes it more
suitable for policy purposes, for instance when one wants to ascertain the size of infor-
mal activities that can be formalised. For the purposes of this thesis, we employ the
relatively broader definition based on the IPA concept. Thus, we define informal em-
ployment as employment that is not covered by any formal contractual arrangements
and as such there is no entitlement to pensions, medical insurance or social security
benefits, paid sick or annual leave. The informal sector represents economic activities

11



that are unregistered, unrecorded, untaxed and mostly escape regulatory scrutiny by
government. Our definition of informal jobs is consistent with that of Fields (2011) who
defines informal jobs as those that are re relatively low-paid, less secure and offer no
benefits or social protections such as pensions and do not adhere to labour standards.
Fields (2011) calls these jobs “bad jobs” and the relatively more desirable jobs (which
are in the formal sector) “good jobs”, although as stated by Batini et al. (2010), in-
formality may not necessarily imply an adverse impact on an economy. In Ghana, the
informal economy comprises small-scale enterprises engaged in production, wholesale,
retail, and distribution. It also includes intermediary enterprises supplying raw materi-
als to manufacturers through contracts. The informal sector workforce consists mainly
of self-employed individuals like farmers, fisherfolk, market traders, domestic workers,
food processors, artisans, street vendors, head porters, waste pickers and others. In
rural areas, the focus is on agriculture, fishing, and agro-based processing, while urban
areas have more informal workers in non-agricultural activities.

The informal economy is by nature difficult to measure accurately. This is because
individuals and enterprises involved in informal economic activities typically operate
on a small scale or deliberately avoid regulatory requirements. These small-scale opera-
tions often fall below the threshold for business registration and taxation. Additionally,
some informal economic activities may intentionally remain hidden to evade taxes and
social security obligations, not only in small businesses but also in larger ones. Due to
the unregistered and small nature of informal economy activities, statistical agencies
encounter significant challenges in measuring the economic activity associated with this
sector. While the informal economy is challenging to measure accurately, policymakers
should nonetheless take the informal economy into account when making policy deci-
sions for several reason. Firstly, as stated earlier, the informal economy represents a
substantial portion of economic activities in developing countries, especially SSA coun-
tries. Ignoring such a significant segment of the economy can lead to incomplete policy
analyses, potentially overlooking critical drivers of economic growth, unemployment,
inflation and so on. Modelling the informal economy can help policymakers gain a
better understanding of the dynamics of the informal economy and its potential ef-
fects on the formal economy and the transmission of monetary policy, thereby helping
them make more informed monetary policy decisions. Modelling the informal econ-
omy allows policymakers to assess how changes in monetary policy may affect different
sectors and tailor their actions accordingly. Secondly, the informal economy can af-
fect inflation dynamics through its impact on pricing, wages, and supply chains. By
incorporating the informal economy into their models, policymakers can improve the
accuracy of inflation forecasts and make better-informed policy choices. Thirdly, as the
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informal economy is a significant source of employment, especially in SSA economies,
policymakers who are concerned with labour market conditions and their implications
for wages and productivity should be interested in modelling the informal economy as
it provides insights into labour market dynamics and can aid in formulating policies to
improve job quality and opportunities. Lastly, by engaging in modelling efforts, poli-
cymakers can contribute to improving data collection methodologies and measurement
techniques, filling data gaps, and enhancing the overall understanding of the informal
economy.

The idea of informality has traditionally been captured in development economics lit-
erature by modelling a dual or segmented labour market, following the seminal work of
Lewis (1954). The dualistic view of labour markets posits that a proportion of work-
ers, given their individual characteristics, face limitations to finding jobs in the formal,
highly remunerated and regulated sector and therefore must settle for jobs with firms
that provide inferior wages and working conditions (Pratap & Quintin, 2006). This
is the spirit in which most of the recent studies dealing without informality in the
macroeconomic modelling literature allow for two labour markets.

The primary objective of this chapter is to establish if the presence of a large informal
labour market has any effect in shaping the response of inflation, output and unem-
ployment to aggregate shocks. We aim to explore and understand the mechanism by
which informality in the labour market affects how macroeconomic shocks are propa-
gated in such an economy. We therefore answer only one broad question: What role
does the presence of a large informal labour market play in shaping the response of the
economy to aggregate shocks? That is, does the presence of informality make aggregate
variables like inflation, output, and unemployment more or less responsive to aggregate
shocks? To answer this broad question, we construct and compare two models. The
first model is a Two Sector closed-economy NK-DSGE model. The two sectors are the
formal and informal sectors. We introduce labour market frictions à la the Diamond-
Mortensen-Pissarides (DMP) model2 in the two sectors, representing a departure from
the standard Walrasian labour market assumption of the traditional NK-DSGE mod-
els. We also introduce nominal frictions in the form of the Calvo (1983) price stickiness
in both sectors. Second, we construct a One Sector version of our model (i.e., without
the informal sector). We then calibrate the two models to a typical or representative
SSA country (i.e. , Ghana). Finally, we simulate and compare both models to examine
the potential impact of a large informal sector on the response to aggregate shocks.

2See Mortensen and Pissarides (1999) and Pissarides (2000).
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We find that: a) aggregate unemployment and aggregate output are substantially less
responsive in the model with informality over the lifetime of the aggregate demand
and monetary policy shocks, implying that the presence of an informal labour market
dampens the response of aggregate unemployment and aggregate output to both shocks
b) there is a stronger aggregate inflation response to aggregate demand and monetary
policy shocks, implying that the presence of the informal sector amplifies the response
of aggregate inflation to aggregate demand and monetary policy disturbances c) the rise
in aggregate unemployment in response to an aggregate technology shock is deeper in
the model without informality, implying that the presence of an informal labour market
dampens the impact of aggregate technology shock on aggregate unemployment and
d) aggregate output is marginally more responsive and aggregate inflation is more
responsive to an aggregate technology shock, implying that informality amplifies the
response of aggregate output and aggregate inflation (more than doubles the level of
deflation) when there is a positive shock to aggregate technology.

Our findings have some implications for stabilisation policies in economies characterised
by high informality. The finding that the presence of informality amplifies the response
of inflation to all the shocks means that from a stabilisation perspective, informality
poses a challenge for policymakers. In particular, since informality makes inflation
more responsive to aggregate demand shocks, greater expansion in output is required
if inflation is to be stabilised. This challenge adds to the headache of policymakers in
these countries who also have to deal with other known challenges of a large informal
sector such as inadequate tax receipts with its associated fiscal consequences because of
the unrecorded/unregistered nature of the informal sector. Castillo and Montoro (2012)
and Alberola and Urrutia (2020) have made contrasting findings to ours, especially with
respect to aggregate demand shocks, mainly because they make different modelling
decisions and assumption from us. This makes it crucial for further studies in this
area, exploring different modelling choices in an attempt to arrive at a more consistent
and consensus view for policymakers in these economies.

The rest of the chapter is divided into 8 main sections. Section 1.2 presents a survey of
related literature to situate our study in the context of the wider literature. Section 1.3
sets out the model with informality (the Two Sector model). Section 1.4 deals with the
model with the set up of the model without informality (One Sector model). Section
1.5 characterises the steady-states of the two models and their solutions. Section 1.6
outlines the log-linearised equilibrium conditions of the models. Section 1.7 offers
the calibrations of the two models aimed at capturing vital features of the Ghanaian
economy. Then performs quantitative exercises involving the simulations of the two
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models to examine and compare the dynamics of the models when hit by aggregate
demand, aggregate technology and monetary policy shocks. Section 1.8 concludes and
Section 1.9 outlines plans for further research.

1.2 Related Literature

Studies examining the impact of the informal sector on business cycles have almost
exclusively been centred on emerging market economies. Castillo and Montoro (2012)
and Alberola and Urrutia (2020) are among these. Castillo and Montoro (2012) present
a view of informality as an inflation buffer. They develop the NK-DSGE model with
labour market friction of Blanchard and Galí (2010) by modelling a dual labour market
(formal and Informal) with frictions in the form of hiring costs in both markets. In their
framework, firms are allowed to issue formal and informal labour contracts, where firms
incur higher hiring costs under formal contract compared to informal contracts. Formal
hiring costs are also more sensitive to labour market conditions, owing to regulatory
burden in the formal sector. The respective sectoral hiring costs are assumed to be an
increasing function of sectoral labour market tightness. The productivity of the formal
production process is also assumed to be higher than that of the informal production
process. The optimal decision of firms therefore involves balancing the trade-off between
the high productivity of the formal production process and the low informal hiring
costs, making the marginal costs of firms a function also of the degree of informality,
represented by the fraction of the labour force informally employed. This also means
that inflation is dependent on the level of unemployment, as well as “the �ows of

unemployment from formal to informal labour markets” (Castillo & Montoro, 2012,
p. 18). Their model was calibrated to data from Peru. They found that the informal
labour market produces a buffer effect when there is a positive aggregate demand shock.
This is because firms consider a more intensive use of informal technology instead of
formal technology as the optimal decision, owing to the relatively lower hiring costs
and therefore marginal costs associated with the informal technology. This means that
formal employment becomes less responsive to the demand shock, when an informal
sector is present. However, total employment rises more because of the response of
informal employment. The lesser reaction of formal employment in response to the
demand shock means labour market tightness faces less pressure, mostly because a
proportion of the labour demand is met by informal jobs. Consequently, there is a
lesser rise in hiring costs and therefore marginal costs and inflation. Thus, firms are
able to expand output at lower marginal costs by employing more informal labour
contracts, thereby dampening the inflationary pressures generated by the effects of the
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demand shock on wages and marginal costs. Hence, the informal sector acts as an
inflation buffer, as its presence makes inflation less responsive to demand shock. The
response of inflation to a demand shock was about 42 percent smaller in the presence
of informal employment. Castillo and Montoro (2012) also found that informal labour
markets amplify the effects of productivity shocks on inflation and output. This is
because the ability of firms to hire informal workers provides more flexibility in the
labour markets, which reduces the impact of hiring activities of firms on formal labour
market tightening. This allows firms to expand output at a relatively lower marginal
cost. Hence, there is a greater increase in output and decrease in inflation in an
economy with informal labour markets than one without informality when it is hit by
productivity shocks.

Alberola and Urrutia (2020) also constructed a simple closed-economy DSGE model
with frictional formal labour market and a flexible informal labour market that pro-
vides an alternative form of employment in the economy. They calibrated the model to
data for the Mexican economy and found that informality helps to reduce inflationary
pressures during periods of high aggregate demand, modelled as a expansionary fiscal
policy. This is because, compared to the response in the model without labour market
informality, aggregate demand shocks in the model with informal employment option
leads to a relatively larger increase in total employment and output, mainly driven by
expansion in informal employment due to the lack of rigidity in the informal labour
market. This results in a smaller increase in wages, unit cost of labour and inflation
compared to the model without informal employment option. Informality therefore has
a buffer effect on inflation during demand spurs because it dampens the inflationary
pressures that come from increases in unit costs. Further, a frictional formal labour
market and frictionless informal labour market means that when the economy is hit
by an adverse aggregate technology shock, the informal sector drives most of the re-
sponse of employment. Thus, the model with informal employment option experiences
a greater fall in employment and a lesser decline in average wages compared to the
model without informality when the economy faces an adverse aggregate technology
shock. So that, the increase in unit labour costs is greater in the presence of an informal
sector. Consequently, informality amplifies the impact of aggregate technology shocks.
They also introduce financial frictions in their model in the form of credit constraints
in the informal sector, thereby reducing the responsiveness of the unit costs of the
sector to adjustments of interest rates. On the other hand, the formal sector, which is
relatively less credit constrained, faces unit costs that are more susceptible to changes
in interest rates via the credit costs channel described by Ravenna and Walsh (2006).
So that, the rise in intermediation spread leads to interest rate rise and consequently, a
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rise in the credit cost of labour for formal sector firms via the working capital channel.
This culminates in increasing prices for formal sector goods and therefore inflation. The
rise in intermediation spreads also means a fall in the value of a match for formal sector
firms, creating a disincentive for vacancy creation in the formal sector. Since informal
sector firms do not participate in the credit markets, the rise in interest rates generated
by the increase in intermediation spread has no first-order impact on the dynamics in
the informal sector. Thus, the impact of an increase in credit spread on unit costs and
the total demand of labour is less pronounced in an economy characterised by a larger
informal sector. Therefore, informality has a buffering or stabilising effect on inflation
when the economy is hit by financial shocks.

As stated earlier, none of the above and other studies in the literature on the impact
of informality on business cycle fluctuations is centred on SSA, which has greater de-
gree of informality, a gap which this study is aimed at helping to fill. Our study is
closest in motivation to Castillo and Montoro (2012). Our study is similar to Castillo
and Montoro (2012) in the following respects. First, both studies are set in a New
Keynesian framework, allowing for an examination of the impact of informality on the
response of the economy to aggregate fluctuations. Unlike most of the other studies
in the literature, both studies model frictions in both the formal and informal sectors.
Most studies assume that unemployment is only as a result of frictions in the formal
labour market. We take a different approach by allowing for search frictions in both
the formal and informal labour markets following Meghir, Narita, and Robin (2015).
Our reasoning here is that, while the informal labour market is undoubtedly more flex-
ible than the formal labour market, the assumption of complete flexibility with full
employment in the sector seems unconvincing, as it is not always borne out by the
empirical evidence of the functioning of the informal sector. Maloney (1999) provides
empirical evidence of quite significant worker flows from informal employment to un-
employment, as well as near equal flows from unemployment to informal employment
as is the flows from unemployment to formal employment. Hence, assuming away the
frictions in the informal sector may not represent a good approximation of the sector.
Our study, however, differs from Castillo and Montoro (2012) in our specific modelling
of the labour markets, production and consumption framework. Unlike Castillo and
Montoro (2012), we allow for two different firms (formal and informal) that operate in
different sectors and produce two distinct final goods; formal and informal retail goods.
Also, the main mechanism in Castillo and Montoro (2012) is driven by decision making
from firms who decide the proportion of formal and informal workers who use formal
and informal technology respectively. So, a firm can use both formal and informal
technologies. However, as we would see later, the mechanism in our model is driven
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by decision making of households who decide which sector to allocate an unemployed
worker to search for a job. Once the worker is employed in a specific sector, the worker
uses the existing technology in that sector and are as productive as existing workers
in that sector. All the workers are assumed to be identical. They are assigned the
formal or informal designation depending on which sector they work or are directed to
search for a job. Formal or Informal firms employ only formal and informal technolo-
gies, respectively. Further, unlike Castillo and Montoro (2012), we employ a calibration
technique that allows for parameter uncertainty within a certain range, reflecting the
reasonable level of doubts about the precise value of each parameter.

1.3 Theoretical Model with Informality (Two-Sector Model)

We construct a two-sector closed-economy NK-DSGE model, with informality. The
economy is populated by five broad categories of agents; households, wholesale firms,
retail firms, government and the central bank. There are two types of wholesale and
retail firms; formal and informal. We introduce two types of frictions into the model.
Unlike Thomas (2011), who allow for only one type of firm that faces infrequent price
adjustment and search frictions in the labour market, we allow for two different types
of firms who face different frictions, which is the common practice in the NK-DSGE
literature. The wholesale sector is characterised by labour market frictions à la the
DMP model, with flexible prices, while the retail sector is characterised by monopo-
listic competition, with sticky price à la the Calvo (1983) pricing mechanism and no
frictions in the labour market. Most studies assume that unemployment is only as a
result of frictions in the formal labour market. We take a different approach by allowing
for search frictions in both the formal and informal labour markets following Meghir et
al. (2015). Our reasoning here is that, while the informal labour market is undoubtedly
more flexible than the formal labour market, the assumption of complete flexibility with
full employment in the sector seems unconvincing, as it is not always borne out by the
empirical evidence of the functioning of the informal sector. Maloney (1999) provides
empirical evidence of quite significant worker flows from informal employment to un-
employment as well as near equal flows from unemployment to informal employment
as is the flows from unemployment to formal employment. Hence, assuming away the
frictions in the informal sector may not represent a good approximation of the sector.
Household members are either employed and receiving wage income or unemployed and
receiving unemployment benefits. They supply labour to both sectors. Importantly,
search is directed by households endogenously choosing the labour force participation
in both sectors and therefore choosing the sector in which a worker searches for job.
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This part of our model follows closely the multisector model of Mehrotra and Sergeyev
(2012) where households are free to reallocate workers across sectors subject to a real-
location cost in the form of loss in utility or utility cost, making the utility cost in a
sector a function of the change in its labour force participation between two periods.
The utility cost is assumed to reflect for instance skills acquisition costs such as re-
training costs, relocation costs or even loss in sector-specific skills in utility terms. In
this chapter, we would consider the one extreme version of the model, the Complete
Labour Mobility case, where worker reallocation across the formal and informal sectors
is costless for households (i.e. reallocation cost is zero). As we will show later in the
chapter, in this case, households would continue to reallocate workers to all sectors
until the sectoral household surplus, weighted by the respective sectoral job finding
rates are equalised. We use the model to examine the potential impact of informal-
ity by comparing the dynamic response of some macroeconomic variables in the this
model and the One Sector model when both models are hit by aggregate shocks. In
the next chapter, we would consider the other extreme version of the model, the No
Mobility case, where the reallocation cost is infinitely large so there is no labour real-
location by households (i.e. reallocation costs approaches infinity). This is compared
to the Complete Mobility version, allowing us to to compare and analyse the impact
of of labour reallocation in business cycle fluctuations in an economy with informality.
An alternative approach would be to assume costless reallocation, but workers moving
between sectors are unable to work for say one period because they have to acquire
new skills or reallocate to a new geographical location. This is the approach taken by
Garin, Pries, and Sims (2013) and Garin, Pries, and Sims (2018), although they make
the waiting or reallocation time stochastic. We do not use this approach because it is
not realistic in our framework since we assume reallocation costs are skills reacquisi-
tion costs, which are mostly non-stochastic. Following Ravenna and Walsh (2008), we
make a distinction between unemployed workers and job searchers in a period. Thus,
unemployment is measured after hiring decisions take place, a reflection of how statu-
tory unemployment is measured in the national statistics. That is, what we consider
the number of job searchers in our model as pre-hiring unemployment and what we
consider unemployment is post-hiring unemployment. Government funds unemploy-
ment benefits and government purchases by imposing wage income tax and maintains
a balanced budget each period by imposing a lump-sum tax (transfer). The central
bank conducts monetary policy using short term nominal interest rates. We introduce
three types of exogenous aggregate shocks (demand, supply (technology) and monetary
policy shocks) in the model. We now present the details of the model along with the
key structural equations. Further details are presented in the appendix.
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1.3.1 The Labour Market

The labour market is marked by search frictions, implying the co-existence of unem-
ployed workers and unfilled vacancies. There is a mass of firms, size 1. There are
formal and informal wholesale firms; a fraction � F of wholesale firms are in the formal
sector and a fraction (1 � � F ) of wholesale firms in the informal sector. We assume
that all wholesale firms in the same sector are identical. However, wholesale firms in
the formal sector are different from those in the informal sector in their production
technologies. There is a constant sector-specific element of their production technolo-
gies, where this element is greater in the formal sector wholesale firms compared to
the informal sector wholesale firms, reflecting the fact that formal wholesale firms are
better able to utilise the aggregate technology (i.e., production technology common to
all sectors) compared to informal sector wholesale firms. This formulation is in the
spirit of the islands economy of Garin et al. (2018). We make assumptions that guar-
antee full participation, i.e. , at all times individuals are either employed or willing
to work, given the prevailing labour market conditions. There is a mass of identi-
cal workers comprising the labour force, L t of size 1. This is composed of employed
workers, representing aggregate employment denoted by N t and unemployed workers
representing aggregate unemployment, Ut such that L t = N t + Ut = 1 . Aggregate
employment is N t = N F

t + N I
t , where N F

t is the number of workers employed in the
formal sector and N I

t the number employed in the informal sector. The workers either
participate in the formal labour market or the informal labour market. L F

t and L I
t

represent the labour force participation in the formal and informal sectors respectively,
so that L t = L F

t + L I
t = 1 .

As stated earlier, households are free to reallocate workers across sectors subject to
a reallocation cost in the form of loss in utility, making the utility cost in a sector a
function of the change in its labour force participation between two periods. The utility
cost is assumed to reflect for instance skills acquisition costs such as retraining costs,
relocation costs or even loss in sector-specific skills in utility terms. Following Mehrotra
and Sergeyev (2012, p. 14), the reallocation cost, represented by the “cost function,

Ri (�; �) is assumed to be continuous and di�erentiable in its arguments and minimised

when L i
t � 1 = L i

t for any sector i”. Costless reallocation means that Ri �
L i

t � 1; L i
t
�

= 0

for all L i
t � 1; L i

t � 0 for all sectors i 2 (F; I ).3 As we will show later in subsection 1.3.3,
in this case, households would continue to reallocate workers to all sectors until the
sectoral household surplus, weighted by the respective sectoral job finding rates, are
equalised.

3see Mehrotra and Sergeyev (2012).
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At the beginning of period t, N i
t � 1 workers in sector i are matched in existing jobs in the

sector. We assume that there is an exogenous probability � i 2 [0; 1) that an existing job
match in sector i is destroyed at the beginning of the period.4 Therefore, the number of
job searchers in sector i at the beginning of the period is si

t = L i
t �

�
1 � � i � N i

t � 1. Hiring
takes place after jobs are destroyed, then production takes place. Following Blanchard
and Galí (2010), we assume that newly-hired workers become productive in the period
they are hired, which is reasonable since a period in our model is one quarter. Hence,
sectoral employment has the following dynamics

N i
t =

�
1 � � i

�
N i

t � 1 + hi
t (1.3.1.1)

That is, the number of sector i workers in period t, N i
t is given by the proportion of

matches in period t � 1 that survive into the next period,
�
1 � � i � N i

t � 1 plus the matches
formed in period t, hi

t . The ‘post-hiring’ unemployment in sector i is U i
t = L i

t � N i
t ,

since the number of new matches (new hires) in sector i is hi
t = si

t � U i
t . Sectoral

unemployment rate is ui
t = U i

t
L i

t
. The ‘post-hiring’ aggregate unemployment in the

model economy is Ut = 1 � N t since Ut = UF
t + U I

t . The overall unemployment rate is
ut = Ut

1 = Ut . Note also that, the total number of searchers in the economy in period t

is given by st = 1 �
�
1 � � F

�
N F

t � 1 �
�
1 � � I

�
N I

t � 1 or st = Ut + ht where ht = hF
t + hI

t .

Following Michaillat and Saez (2015), the number of successful sector i new matches
in period t is given by a constant return to scale function, 0 � hi �

si
t ; vi

t
�

� min
�
si

t ; vi
t
	

where hi
t (s

i
t ; vi

t ) is specifically defined as

hi (si
t ; vi

t ) =
� �

si
t

� � � i

+
�
vi

t

� � � i � � 1
� i

; hi
�
0; vi

t

�
= 0; hi

�
si

t ; 0
�

= 0 (1.3.1.2)

where vi
t represents the number of vacancies opened by sector i wholesale firms and

� i > 0 is a parameter characterising or governing the elasticity of substitution of the
inputs in the matching function. The function hi (si

t ; vi
t ) is continuously differentiable,

non-negative, homogeneous to degree one, concave and increasing in both arguments
, si

t and vi
t . This matching function specification is qualitatively similar to that of

Den Haan, Ramey, and Watson (2000) and Hagedorn and Manovskii (2008). It is a
departure from the standard Cobb-Douglas specification common in the search and
matching literature, including studies in the NK-DSGE literature that incorporate
search frictions, like Ravenna and Walsh (2008). A significant advantage of employing

4For simplicity, we ignore endogenous job destruction. Endogenous job destruction is included in
studies like Krause and Lubik (2007), Trigari (2009a) and AlShehabi (2015) among others.
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the specification used in this study is that unlike the Cobb-Douglas specification, it
ensures that matching probabilities are between zero and one for all st and vt (see
Den Haan et al. (2000) and (Hagedorn & Manovskii, 2008)).5

We define the sectoral labour market tightnessat period t as

� i
t =

vi
t

si
t

2 [0; 1 ) (1.3.1.3)

That is, the labour market is tighter the greater the number of firms seeking to fill jobs
relative to the number of workers searching for jobs. This stems from the assumption of
a constant returns to scale matching function, which means that both the probabilities
that job searchers find jobs and firms fill vacancies are determined by the labour market
tightness.

The rate at which a wholesale firm in sector i fills a vacancy (sectoral vacancy �lling

rate) is defined as

qi
�
� i

t

�
�

hi �
si

t ; vi
t
�

vi
t

= hi
�

1
� i

t
; 1

�
; qi 0

(�) < 0; qi 00
(�) > 0; qi (0) = 1 ; qi (1 ) = 0

=
�

1 +
�
� i

t

� � i � � 1
� i

(1.3.1.4)

Hence, the vacancy filling rate faced by wholesale firms in sector i , qi
t is decreasing in

sectoral labour market tightness, � i
t .

The rate at which an unemployed worker searching for a job in sector i finds a job
(sectoral job �nding rate) is defined as

f i
�
� i

t

�
�

hi �
si

t ; vi
t
�

si
t

= hi (1; � i ); f i 0
(�) > 0; f i 00

(�) < 0; f i (0) = 0 ; f i (1 ) = 1

=
�

1 +
�
� i

t

� � � i � � 1
� i

(1.3.1.5)

Hence, the sectoral job finding rate faced by unemployed workers in sector i , f i
t is

increasing in sectoral labour market tightness, � i
t .

5Not guaranteeing that matching probabilities are between zero and one for all si
t and vi

t , as is
the case of the Cobb-Douglas speci�cation, makes obtaining accurate numerical solution and analysis
challenging (see Den Haan et al. (2000) and Hagedorn and Manovskii (2008)).
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If we compare equations 1.3.1.4 and 1.3.1.5, we see that

f i
�
� i

t

�
= qi

�
� i

t

�
� i

t (1.3.1.6)

Thus, since hi (st ;i vi
t ) is increasing in both arguments, si

t and vi
t , f i �

� i
t
�
is increasing in

� i
t and qi �

� i
t
�
is decreasing in � i

t .6 It can be seen that the elasticity of the job finding
rate f i �

� i
t
�
with respect to � i

t is � i
t �

f i 0( � i
t )

f i ( � i
t )

> 0 and the negative elasticity of the vacancy

filling rate qi �
� i

t
�
with respect to � i

t is � � i
t �

qi 0( � i
t )

qi ( � i
t )

> 0. So, a tighter labour market
means job searchers have a higher probability of finding jobs, but firms have a lower
probability of filling vacancies.

1.3.2 Households

The representative household consists of workers who are assumed to derive flow util-
ity from consumption, Ct and disutility from employment, N t and is free to reallo-
cate workers across sectors subject to a utility cost of changing the distribution of
labour, reflecting costs associated with worker retraining, relocation, and so on. As
with Restrepo-Echavarria (2014), Fernández and Meza (2015) and Colombo, Menna,
and Tirelli (2019), aggregate consumption, Ct is modelled as a constant elasticity of
substitution (CES) aggregation of formal retail goods, CF

t and informal retail goods,
C I

t

Ct =
�
�

1
�
F

�
CF

t

� � � 1
� + (1 � � F )

1
�

�
C I

t

� � � 1
�

� �
� � 1

(1.3.2.1)

where � > 0 is the elasticity of substitution between formal and informal goods, and
� F 2 [0; 1] represents the share parameter, a proxy for the size of the formal sector of
the economy and is calibrated to match the size of the formal economy in steady state.
The corresponding demand functions are

CF
t = � F

�
pF

t

� � �
Ct and C I

t = (1 � � F )
�
pI

t

� � �
Ct (1.3.2.2)

and the implied price index for aggregate consumption (overall consumer price
index) is

Pt =
�
� F

�
PF

t

� 1� �
+ (1 � � F )

�
P I

t

� 1� �
� 1

1� �
(1.3.2.3)

6 f i (�) is assumed to be smooth, continuously di�erentiable and strictly increasing in [0; + 1 ). qi (�)
is assumed to be smooth, continuously di�erentiable and strictly decreasing in [0; + 1 ). Also, f i 0

(� i ) =
qi (� i )1+ � i

.
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where pi
t = P i

t
Pt

is the relative sectoral retail price and P i
t is the nominal price in-

dex for sector i retail goods. The household consumption of retail goods in sec-
tor i is also a composite of individual sector i retail goods and is defined by C i

i =
 

R1
0 C i

i (j )

 i � 1


 i dj

! 
 i


 i � 1

where C i
i (j ) is household consumption of individual retail good

j and 
 i is the elasticity of substitution between individual sector i goods. The corre-

sponding price index for sector i retail goods is P i
i =

� R1
0 P i

i (j ) 
 i � 1dj
� 1


 i � 1 where P i
i (j )

is the price of sector i retail good j . The household’s allocation of retail good j of
sector i is therefore described by the following demand function

C i
t (j ) =

 
P i

t (j )
P i

t

! � 
 i

C i
t (1.3.2.4)

where P i
t (j )
P i

t
is sector i firm j relative retail price.

The total expenditure of households on sector i retail goods is

� H;i
t =

Z 1

0
P i

t (j ) C i
t (j ) dj = P i

t C i
t (1.3.2.5)

Total expenditure on aggregate consumption is defined by Pt Ct = PF
t CF

t + P I
t C I

t .

Employed workers in sector i earn a real wage wi . We assume that newly-hired work-
ers and all other workers already employed in a sector earn the same real wage, wi .
This makes intuitive sense since all workers are assumed to be equally productive in a
wholesale firm in sector i . The real wage, wi is subject to wage tax at rate � i . All unem-
ployed workers receive real current pay-off, b representing unemployment benefit or the
value of home production, as is standard in the literature (see Shimer (2005), Hagedorn
and Manovskii (2008) and Bosch and Esteban-Pretel (2012)). Following Merz (1995)
and Andolfatto (1996), we assume that members of a household have perfect insurance
against the risks associated with different employment or unemployment outcomes,
which means that the consumption decisions of individuals are independent of their
employment status. Thus, the household’s Budget Constraint(in nominal terms) is
�
1 � � F

�
Pt wF

t N F
t +

�
1 � � I

�
Pt wI

t N I
t + Pt b(1 � N t ) + � r

t + B t � 1 = Pt Ct + Tt + pbt B t

(1.3.2.6)
where � r is the household’s share of profits from ownership of firms, B are one-period
bond, T is a lump-sum tax (transfers) and pbt = 1

1+ i is the nominal price of bonds, with
i being the short-term nominal interest rate. The household determines consumption
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and how many bonds to hold. It is assumed that wages are above the market clearing
level because of wage bargaining, so employment is determined by labour demand. As
a result, workers are always willing to supply more labour than firms demand. Here,
marginal disutility of labour is reflected through the wage rather than the labour supply
curve.

As stated earlier, households endogenously choose labour force participation and are
free to reallocate workers across sectors subject to reallocation costs in terms of loss
in utility. Hence, the household’s problem involves maximising the household utility
net of total reallocation costs subject to sectoral employment evolution, sectoral job
searchers and total labour force. The choice of labour force participation makes the
initial distribution of labour force participation,

n
L t � 1; L F

t � 1; L I
t � 1

o
and initial distri-

bution of employment,
n

N t � 1; N F
t � 1; N I

t � 1

o
state variables for the representative house-

hold. Thus, the household’s utility function for the two-sector model must reflect the
existence of reallocation costs in the form of utility costs. Hence, the household’s utility
function is

Ut = Et

1X

t=0

� t e" D
t

(
C1� 


t

1 � 

� �

N 1+ '
t

1 + '
� RF

�
L F

t � 1; L F
t

�
� RI

�
L I

t � 1; L I
t

�
)

(1.3.2.7)

where "D
t is a demand shock which evolves according to "D

t = � d"D
t� 1 + %d

t with 0 � � d �

1 and %d
t � N

�
0; � 2

d
�
. 
 represents the intertemporal elasticity of substitution between

consumption and labour and ' the parameter governing the elasticity of labour supply,
the inverse of the Frisch elasticity of labour supply. The larger the value of ' , the
lower the elasticity of labour supply, implying smaller changes in labour supply due to
changes in wages. If ' = 0 , then labour supply is infinitely elastic because the marginal
utility of labour does not depend on labour supply. In other words, the parameter '

measures the convexity of labour supply. In our model, we assume that ' > 0, implying
that labour disutility is convex in labour supply. � governs the utility cost of working.
This specification of � in this household utility function implies that the disutility of
labour is assumed to be the same for formal and informal sectors. Ri (�; �) is the sector
i reallocation cost in utility terms.

The household’s problem is therefore

max
f Ct ;B t ;L F

t ;L I
t ;N F

t ;N I
t g

Et

1X

t=0

� t

(
C1� 


t

1 � 

� �

N 1+ '
t

1 + '
� RF

�
L F

t � 1; L F
t

�
� RI

�
L I

t � 1; L I
t

�
)

(1.3.2.8)

subject to the household’s budget constraint, equation 1.3.2.6, the sectoral law of
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motion of labour, equation 1.3.1.1, the sectoral number of job searchers, si
t = L i

t �
�
1 � � i � N i

t � 1 and the total labour force constraint, 1 = L F
t + L I

t .

Combining the first order conditions with respect to consumption, Ct , quantity of
bonds, B t , sectoral employment, N i

t and sectoral labour force, L i
t results in the following

set of optimality conditions for the household

C � 

t = �e " D

t Et C
� 

t+1

(1 + i t )
1 + � t+1

(1.3.2.9)

�e " D
t Et

C � 

t+1

C � 

t

= � Et
� t+1

� t
=

1
1 + r t

(1.3.2.10)

� 2;i
t = � �N '

t +
n

(1 � � i )wi
t � b

o
C � 


t + � Et �
2;i
t+1

n�
1 � � i

� �
1 � f i

t+1

�o
(1.3.2.11)

� 2;i
t f i

t = � 3
t + Ri

L i
t

�
L i

t � 1; L i
t

�
+ � Et Ri

L i
t

�
L i

t ; L i
t+1

�
(1.3.2.12)

where � 1
t is the Lagrange multiplier on the household’s budget constraint and can be

interpreted as the marginal utility of consumption. � 2;i
t is the Lagrange multiplier on

the evolution of employment in sector i and represents a measure of the change in
utility of having an additional household member employed in sector i given real wages
wi

t . � 3
t is the Lagrange multiplier on the labour force constraint and denotes the change

in utility of an increase in the labour force by one worker for the household. Equation
1.3.2.9 is the Euler equation for consumption and represents the condition that governs
the household’s intertemporal consumption allocation choice over time. It describes
the optimal path along which the household is indifferent between consumption today
and consumption tomorrow. Log-linearising equation 1.3.2.9 around the steady state
gives the standard forward-looking New Keynesian IS curve (see Mccallum and Nelson
(1997)). Equation 1.3.2.10 is the stochastic discount factor and denotes the interest
rate on a riskless one-period bond. It shows that the stochastic discount factor is the
intertemporal marginal rate of substitution in consumption between period t and t +1 .
Note that we have defined 1 + r t = (1+ i t )

1+ Et � t +1
where r t is the real interest rate, which

implies that r t ' i t � Et � t+1 . Equation 1.3.2.12 intuitively means that the optimal
behaviour of the household is to equalise the cost (RHS) and benefit (LHS), when
making a decision to allocate an additional worker to sector i . The benefit is composed
of the utility benefits of additional sector i worker, � 2;i

t weighted by the sector i job
finding rate, f i

t . The cost is composed of the sum of the shadow value of a worker
for the household � 3

t and the adjustment cost of the labour force in sector i , which is
represented by the immediate adjustment cost Ri

L i
t

�
L i

t � 1; L i
t
�
and the future discounted

cost of adjustment � Et Ri
L i

t

�
L i

t ; L i
t+1

�
. � 3

t can be interpreted as the value the household
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places on marginal units of a worker’s time supplied for work. In a sense, it can be
looked at as the shadow wage/price of labour.

We define the marginal household surplusfrom an additional household member em-
ployed in sector i measured in consumption units as

SH;i
t =

@Ut
@Ni

t

� t
(1.3.2.13)

where � t = C � 

t is the marginal utility of consumption.

The marginal household surplus from an additional worker in the household getting
a job within a wholesale firm in sector i is the marginal change in the utility of the
household from a unit change in sector i employment. This is in line with our assump-
tion that all newly-hired workers are paid the same wage as those already employed.
We can write the marginal household surplusfrom an additional household member
employed in sector i , measured in current consumption units, as

SH;i
t = (1 � � i )wi

t � b�
�N '

t

C � 

t

+
1

1 + r t
Et

n�
1 � � i

� �
1 � f i

t+1

�
SH;i

t+1

o
(1.3.2.14)

where @Ut
@Ni

t
= � 2;i

t .

Equation 1.3.2.14 states that the marginal household surplus or the value of an addi-
tional household member employed in sector i is equal to the real wage (net of tax),
(1 � � i )wi

t less the unemployment benefit, b and the disutility of working expressed
in terms of current consumption units, �N '

t

C � 

t

plus the expected discounted value of
the surplus times the probability that the worker keeps the job into the next period,

1
1+ r t

Et

n�
1 � � i � �

1 � f i
t+1

�
SH;i

t+1

o
. The term

�
1 � f i

t+1
�
is present since a worker who

is in a match at time t, but does not survive the hazard of exogenous separation at
time t + 1 may find a new match during time t + 1 . So, in a nutshell, an employed
workers contributes a tax-adjusted wage earnings of (1� � i )wi

t to the household’s value,
but suffers disutility of working of �N '

t

C � 

t

, and forfeits the outside option payment of b.
This is weighted against the expected utility gain in the next period, represented by

1
1+ r t

Et

n�
1 � � i � �

1 � f i
t+1

�
SH;i

t+1

o
.

1.3.3 Wholesale Firms

It is assumed that sector i is inhabited by a continuum of identical wholesale firms
on the unit interval. They operate in a perfectly competitive output market where
each sector i wholesale firm produces an identical sector i wholesale good which it sells
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to sector i retail firms. The output of the wholesale firms depends on aggregate and
sector-specific technology shocks and the number of workers they employ. Hence, the
decision problem of the wholesale firms involves the choice of the number of workers to
employ and the number of vacancies to post to obtain new workers. They also bargain
with workers over the wage. The nominal cost of posting each vacancy in sector i is
P i

t � i . The creation of vacancies requires using vi retail goods, where vi is a composite of

individual sector i retail goods, vi
t =

 
R1

0 vi
t (j )


 i � 1

 i dj

! 
 i


 i � 1

. Cost minimisation means

that the total expenditure of wholesale firms i on vacancy posting costs is

� W;i
t = � i

Z 1

0
P i

t (j ) vi
t (j ) dj = � i P i

t vi
t (1.3.3.1)

where the demand for retail good j from wholesale firm i is vi
t (j ) =

�
P i

t (j )
P i

t

� � 
 i

vi
t .

Having used vi retail goods to produce vacancies, the representative sector i wholesale
firm can post these at a real unit cost of � i . Each of these vacancies is filled at rate, qi

t

as described in equation 1.3.1.4.

The production function of a sector i wholesale firm is

Y i;W
t (j ) = zi A t N i

t (j ) (1.3.3.2)

where j is the index of the firm and A is aggregate productivity shock, common to all
sectors. zi � 1, can be interpreted as the level of access to public services by sector i

wholesale firms that affects the degree to which they can effectively utilised aggregate
technology in production. The aggregate productivity shock is defined by

A t = e" "
t (1.3.3.3)

where " "
t evolves according to " "

t = � " " "
t � 1 + %"

t with 0 � � " � 1 and %"
t � N

�
0; � 2

"
�
.

The objective function of sector i wholesale firm j is

J i;W
t (j ) = Et

1X

k=0

� t+ k � t+ k

� t

(
P i;W

t+ k (j )

Pt+ k
zi A t+ kN i

t+ k (j ) � wi
t+ k (j ) N i

t+ k (j ) � � i vi
t+ k (j )

)

(1.3.3.4)
where vi (j ) is the number of vacancies posted by firm j in sector i , P i;W (j ) is the price
of wholesale good of firm j in sector i and wi (j ) is the real wage paid by wholesale
firm j in sector i .
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The optimal decision problem of the representative sector i wholesale firm is given by

max
N i

t + k ;v i
t + k

J i;W
t = Et

1X

k=0

� t+ k � t+ k

� t

(
P i;W

t+ k

Pt+ k
zi A t+ kN i

t+ k � wi
t+ kN i

t+ k � � i vi
t+ k

)

(1.3.3.5)

subject to
N i

t+ k =
�
1 � � i

�
N i

t+ k� 1 + qi
t+ kvi

t+ k (1.3.3.6)

Since, the wholesale firm in sector i is perfectly competitive, the demand function from
the sector i retail firm is horizontal. This explains why it does not feature in the
wholesale firm’s optimal decision problem above.

The first order conditions with respect to sector i vacancies and employment respec-
tively are

vi
t : 
 i

t =
� i

qi
t

(1.3.3.7)

N i
t :

P i;W
t

Pt
zi A t � wi

t � 
 i
t + Et �

� t+1

� t

 i

t+1

�
1 � � i

�
= 0 (1.3.3.8)

where 
 i
t is the multiplier on equation 1.3.3.6 and can be viewed as the shadow value of

employment to the firm. According to equation 1.3.3.7, the marginal cost of posting a
vacancy in sector i , � i must equal the probability that a vacancy in sector i is filled, qi

t

times the expected value of an additional worker in sector i , 
 i
t . Equation 1.3.3.8 states

that the expected value of an additional worker in sector i is given by the marginal
reduction in the cost of the sector i wholesale firm, less the wage to be paid to the
newly-hired worker, plus the expected continuation value for the firm.

By combining the first order conditions for vacancies and employment above, we can
derive the dynamic job creation equation for the sector i wholesale firm as

� i

qi
t

=
zi A t

� i
t

� wi
t +

1
1 + r t

(
�
1 � � i

� � i

Et qi
t+1

)

(1.3.3.9)

where the sector i retail mark-up is � i
t =

Pt

P i;W
t

= 1
mc i

t
and � Et

� t +1
� t

= 1
1+ r t

. The dynamic
job creation condition equalises the cost of a vacancy (represented by the unit cost of a
vacancy, � i times the duration, 1=qi

t ) with expected benefit of hiring the worker. If say
productivity increases, other things being equal, the right hand side of equation 1.3.3.9
increases. Firms are therefore incentivised to post more vacancies, leading to a rise in
labour market tightness and consequently a fall in vacancy filling rates. This leads to
a rise in the left hand side of the equation (the cost of vacancy) until the equality is
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restored. Also, from equation 1.3.3.9, we can infer that if the firm expects that the
vacancy filling rate will be lower in the future, then the cost saving from hiring a worker
today rises. This incentivises the firm to post more vacancies today up to the point
where the expected marginal benefit of hiring in sector i equals its marginal cost, � i

qi
t
.

If we define � i
t = zi A t

� i
t

� wi
t , then the net marginal hiring cost for sector i wholesale

firms is
� i

t = � i

 
1
qi

t
�

1
(1 + r t )

 �
1 � � i �

Et qi
t+1

!!

(1.3.3.10)

and the real marginal cost for sector i wholesale firm is

mci
t =

wi
t + � i

t

zi A t
(1.3.3.11)

Equation 1.3.3.10 shows that hiring a new worker in period t has two opposing effects on
the recruitment costs. The first effect, represented by the term � i

qi
t
, increases the recruit-

ment costs in period t and the second effect, represented by the term �
�

1� � i

1+ r t

�
� i

Et qi
t +1

reflects a reduction in the cost of hiring new workers in the next period, t + 1 . This is
intuitive, as the undertaking of high levels of hiring in period t reduces the need to hire
in period t + 1 . The real marginal cost, equation 1.3.3.11, also represents the marginal
contribution of output to the revenue of the wholesale firm. The key difference between
the real marginal cost in this model and the case if we assumed a neoclassical labour
market is that in the latter case, the real marginal cost is equal to the real wage paid
to the worker divided by their marginal productivity. Equation 1.3.3.11 therefore re-
veals that including hiring costs in the model introduces a wedge between the sectoral
real wage and the sectoral marginal cost of firms. As explained by Krause and Lu-
bik (2007), the presence of hiring frictions gives rise to a surplus for existing matches,
leading to long-term employment relationships that lessen the allocative role of current
real wages. Consequently, the real marginal cost can experience a change, even if the
real wage is unchanged. 7 To expand on this further, without hiring frictions, equation
1.3.2.14 becomes

�
1 � � i � wi

t =
�

b+ �N '
t

C � 

t

�
and equation 1.3.3.11 becomes mci

t = w i
t

zi A t
.

This implies that, if wi
t changes, the N t and Ct must change to reflect that, as b, � i ,

� , 
 and ' are constants. This means that current real wage assumes an allocative
role, determining how much consumption and employment changes. However, in the
presence of hiring costs, the allocative role of real wages reduces, as what happens to N t

and Ct depends not only on wi
t , but also on � i . Real marginal costs also then depends

not only on wi
t , but also on � i

t , which also depends on � i . Thus, the wedge generated by
7Goodfriend and King (2001) emphasise this point.
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the presence of hiring costs has implications for inflation dynamics through its impact
on the cyclical behaviour of marginal costs.

We can rearrange the dynamic job creation equation in terms of real wage of sector i

as
wi

t =
zi A t

� i
t

�
� i

qi
t

+
1

1 + r t

(
�
1 � � i

� � i

Et qi
t+1

)

(1.3.3.12)

That is, the sector i real wage, wi
t is equal to the marginal product of labour for the

sector, zi A t
� i

t
less the expected cost of hiring the matched worker, � i

qi
t
, plus the expected

saving from not having to post a vacancy in the next period (expressed in units of the
final good). Note that the probability of matching a vacancy for the sector i wholesale
firm is qi

t . Hence, for the sector i wholesale firm to expect to hire one worker, it must
post 1

qi
t
vacancies at a unit cost � i . Note also that � i

qi
t
is equal to the value of a filled

job if the free entry condition is imposed. If there are no hiring costs, i.e. � i = 0 ,
then equation 1.3.3.12 becomes wi

t = zi A t
� i

t
, implying that the real wage is equal to the

marginal product of labour, which is the standard result for a frictionless or perfectly
competitive labour market.

We define the marginal surplus to the sector i wholesale firm from hiring an additional
worker as

SF;i
t =

@Ji;Wt

@Ni
t

(1.3.3.13)

Hence, the marginal surplus to the sector i wholesale firm from hiring an additional
worker is

SF;i
t = 
 i

t =
zi A t

� i
t

� wi
t +

1
1 + r t

(
�
1 � � i

� � i

Et qi
t+1

)

(1.3.3.14)

since SF;i
t+1 = � i

Et qi
t +1

. That is, the marginal surplus to the sector i wholesale firm from
hiring an additional worker is a function of the marginal revenue product of labour less
the real wage, plus the discounted continuation value. The continuation value reflects
that fact that with probability

�
1 � � i � , the job survives into the next period and the

firm earns the surplus for period t + 1 ; with probability � i , the job does not survive till
the next period and therefore has the value of zero.

Wage Determination

We assume that real wages are endogenously determined by Nash bargaining between
competitive sector i wholesale firms and individual workers. The wage bargain shares
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the surplus from a job match between both parties depending on their relative bargain-
ing powers. The solution to the generalised Nash bargaining problem that determines
the way rent or surplus from the match is distributed between the sector i wholesale
firm and the worker in sector i involves choosing the real wage, wi

t that maximises the
Nash product

max
w i

t

�
SH;i

t

� � i �
SF;i

t

� 1� � i

(1.3.3.15)

where SH;i
t and SF;i

t are defined by equations 1.3.2.14 and 1.3.3.14 respectively, and
where � i 2 (0; 1) is the relative bargaining power of a worker in sector i . That is,
the surpluses that accrue to the matched parties in the bargaining process are split to
maximise the weighted average of the surplus of the individual parties. The weights
reflect the respective bargaining powers of the parties.

The first order condition with respect to wi
t results in

�
1 � � i

�
SH;i

t =
�
1 � � i

�
� i SF;i

t (1.3.3.16)

Equation 1.3.3.16 represents the standard optimality condition for wages. That is, the
wage in sector i must satisfy a condition represented by equation 1.3.3.16, that equates
the household’s surplus and the wholesale firm’s surplus from the hiring of a worker
in sector i . To further explain the Nash bargaining problem, suppose we let Si

t be
the total surplus from the match in sector i . Thus, Si

t = SH;i
t + SF;i

t . It is assumed
that the worker gets a proportion � i (representing their relative bargaining power) of
the total surplus from a successful match. Thus, SH;i

t = � i Si
t . And the firm gets a

proportion
�
1 � � i � of the total surplus from the match. Thus, SF;i

t =
�
1 � � i � Si

t . It
can be seen that we have � i SF;i

t =
�
1 � � i � SH;i

t , representing the Nash sharing rule for
distributing the total surplus from the match. However, since household have to incur
a wage income tax on the wage, they take that into consideration during the bargaining
by making adjustments to reflect that, resulting in

�
1 � � i � � 1 �

1 � � i � SH;i
t = � i SF;i

t )
�
1 � � i � SH;i

t =
�
1 � � i � � i SF;i

t .

From equation 1.3.3.16, we have

SH;i
t+1 =
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� i
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!

SF;i
t+1 =
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1 � � i
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� i

1 � � i

!
� i

Et qi
t+1

(1.3.3.17)

Using the dynamic job creation equation (1.3.3.9), the equation characterising the
household surplus (1.3.2.14) and the Nash Bargaining solution (1.3.3.17 ), we can derive
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the specific form of the sector i real wageas

wi
t =

�
1 � � i

�
(1 � � i ) � 1

 

b+
�N '

t

C � 

t

!

+ � i

 
zi A t

� i
t

+
1

1 + r t

�
1 � � i

�
� i Et � i

t+1

!

(1.3.3.18)

Equation 1.3.3.18 is a typical wage equation in models where there is surplus sharing
and it shows that the bargained wage is a weighted average of the payments that
accrue to the worker and the firm, with each of the parties appropriating a proportion
of the surplus of the other. That is, the real wage of the marginal worker in sector i

is the weighted average between the worker’s real marginal revenue product plus the
cost to the firm of replacing the worker and any outside options the worker has, as
well as the opportunity cost of working. In other words, the wage derived from the
bargaining process represents a convex combination of the maximum value to the firm
of a successful match and the minimum acceptable value required for the household
to allow an unemployed worker to take on the job. The bargaining power determines
how close the bargained wage is to the marginal product or to the outside option of
the employed worker. The real wage therefore consists of two main components:

1. A proportion � i of the revenue accruing from the employment plus the expected
savings in hiring costs that emanates from the match, which is a function of
the expected state of the labour market in sector i , Et � i

t+1 . The labour market
tightness and the marginal cost of posting vacancies � i in the wage equation above
can be intuitively explained as follows. If there is a breakdown in the negotiation
process, both the worker and the firm will have to search for new partners in the
labour market. Hence, search cost savings as a result of the keeping the vacancy
occupied must be incorporated in the bargained wage.

2. A proportion
�
1 � � i � of the opportunity cost of employment or the foregone

unemployment income. This is the reservation wage, (1 � � i ) � 1
�

b+ �N '
t

C � 

t

�
. It

is composed of the current value of unemployment benefit or home production,
b and the disutility of working �N '

t

C � 

t

. This represents a compensation for the
disutility suffered from taking on the job.

We can analyse the intuition in equation 1.3.3.18 by looking at two extreme cases. If
the worker has no bargaining power at all, i.e. � i = 0 , then the worker is paid a wage
level equal to his/her reservation wage. In this case, the worker is indifferent between
taking the job or remaining unemployed. On the other hand, if the worker has all the
bargaining power, i.e. � i = 1 , then he/she takes over all the gains from the match. The
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higher the bargaining power of the firm,
�
1 � � i � , the closer the wage is to the worker’s

opportunity costs of working, i.e. unemployment benefit plus the saved disutility of
working. On the other hand, if the worker has a stronger bargaining position, � i , then
the wage is close to the firm’s benefit, i.e. the marginal product of labour plus saved
vacancy posting costs.

In the frictionless labour market, wages adjust to ensure that it equals the marginal
rate of substitution between consumption and labour (MRS) or the marginal product
of labour. This can also be seen by analysing the dynamic job creation equation,
equation 1.3.3.9. If there are no search costs, i.e. � i = 0 , then equation 1.3.3.9 reduces
to the case of a competitive labour market where the wages equate to the marginal
productivity. Here, the state of the labour market in sector i , measured by the labour
market tightness, � i , and any reservation wage also have an impact on the wage levels.
Consequently, the wage in models characterised by search and matching frictions and
wage bargaining may behave differently from the wage in a competitive labour market.

If we substitute equation 1.3.3.18 into 1.3.3.9, we get

zi A t

� i
t

= (1 � � i ) � 1
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�N '

t
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t

!

+
1
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�
�
1 � � i

� 1
1 + r t

�
1 � � i Et f i

t+1

� � i

Et qi
t+1

)

(1.3.3.19)

That is, the relative price of wholesale goods in sector i in terms of the sector i retail
goods is

PW;i
t

P i
t

=
1
� i

t
=

� i
t

zi A t
(1.3.3.20)

where
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(1.3.3.21)

Equations 1.3.3.20 and 1.3.3.21 show how the relative price is impacted by the condi-
tions in the labour market. To see this, one has to compare this with its counterpart in
the New Keynesian model with a perfectly competitive labour market. The marginal
cost of the retail firm is P W;i

t
P i

t
. In a standard New Keynesian version of the model with

sticky prices, the marginal cost is proportional to the MRS between consumption and
leisure (which is the real wage) and the marginal product of labour. As the marginal
product of labour is equal to zi A t

� i
t
, equations 1.3.3.20 and 1.3.3.21 show that in the

search model of the labour market, the MRS is replaced by an expression of the labour
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cost that is a function of the reservation wage of the worker,
�

b+ �N '
t

C � 

t

�
and the current

and expected future conditions of the labour market through � i
t and Et � i

t+1 reflected in
qi

t , Et qi
t+1 and Et f i

t+1 . As mentioned earlier, the disutility of labour supply is reflected
through the wage equation, 1.3.3.18 in the form of the term �N '

t

C � 

t

. If firms face no costs

to posting vacancies, i.e. � i = 0 , then � i
t �

�
b+ �N '

t

C � 

t

�
, they would only pay workers a

wage equivalent to their outside opportunity, which is the reservation wage. If however
� i > 0, then matches would have an asset value exceeding the reservation wage. That
is, the wage and marginal costs are a fraction of labour market tightness.

Arbitrage Condition

In this version of the model, households can costlessly reallocate workers to search for
jobs within either the formal or informal wholesale firms.

Costless reallocation means that Ri �
L i

t � 1; L i
t
�

= 0 for all L i
t � 1; L i

t � 0 for all sectors
i 2 (F; I ).8 This means that equation 1.3.2.12 becomes � 2;F

t f F
t = � 3

t and � 2;I
t f I

t = � 3
t

for formal and informal sectors respectively. Hence,

� 2;F
t f F

t = � 2;I
t f I

t (1.3.3.22)

Combining equations 1.3.3.14 and 1.3.3.22 with @Ut
@Ni

t
= � 2;i

t we have

f F
t SH;F

t = f I
t SH;I

t (1.3.3.23)

Thus, households would continue to reallocate workers to all sectors until the sectoral
household surplus, weighted by the respective sectoral job finding rates are equalised.
The intuition behind equation 1.3.3.23 is that, in an environment where households
can direct workers to search for jobs in one of two sectors with different labour market
tightness, there must be an arbitrage condition that requires that the expected returns
from searching in both sectors must be equalised. This means that, if the the surplus
in the formal sector is higher, then the job finding rate in the informal sector must be
higher. Using Nash Bargaining, equation 1.3.3.17, we can rewrite equation 1.3.3.23 as

f F
t

�
1 � � F

�
 

� F

1 � � F

!

SF;F
t = f I

t

�
1 � � I

�
 

� I

1 � � I

!

SF;I
t (1.3.3.24)

8see Mehrotra and Sergeyev (2012)
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Also, using the firm’s marginal surplus relation, SF;i
t = � i

qi
t
we can rewrite equation

1.3.3.24 as

�
1 � � F

�
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1 � � F

!

� F � F
t =

�
1 � � I

�
 

� I

1 � � I

!

� I � I
t (1.3.3.25)

Equation 1.3.3.25 is an arbitrage condition. It is a version of the generalised Jackman-
Roper condition of Şahin, Song, Topa, and Violante (2014), which shows that the
sectoral labour tightness are equalised up to a wedge term reflecting the differences in
bargaining power and vacancy costs. The wedge term in our case is given by

� I
t =

8
<

:

(1 � � F )
�

� F

1� � F

�

(1 � � I )
�

� I

1� � I

�

 
� F

� I

! 9
=

;

| {z }
Wedge Term

� F
t (1.3.3.26)

In the special case where bargaining power is the same across the sectors, i.e. � F = � I ,
the vacancy posting costs are also the same across the sectors, i.e. � F = � I , and the
labour income tax rates are also the same across the sectors, i.e. � F = � I , we obtain:

� F
t = � I

t (1.3.3.27)

Equation 1.3.3.27 is the Jackman and Roper (1987) condition, where labour market
tightness are equalised across sectors. Mehrotra and Sergeyev (2012) make this as-
sumption when dealing with a two-sector economy model made up of construction and
non-construction sectors for the US economy. Our version of the Jackman-Roper con-
dition in equation 1.3.3.25 is more general, as it allows for different bargaining powers,
unit vacancy costs and labour income tax rates across the sectors.

In our case with complete labour mobility, equation 1.3.3.25 represents an extra equi-
librium equation. If we loglinearise the Jackman-Roper condition, equation 1.3.3.25
around its steady state, we get �̂ F

t = v̂F
t � ŝF

t = v̂I
t � ŝI

t = �̂ I
t . So, when a shock

hits, which results in v̂F
t > v̂I

t , then for the Jackman-Roper condition to hold, we must
have ŝF

t > ŝI
t . That is, households would reallocate workers from the informal sector

to the formal sector. Similarly, if a shock hits, which results in v̂F
t < v̂I

t , then the
Jackman-Roper condition requires that we have ŝF

t < ŝI
t . Thus, households would re-

allocate workers from the formal sector to the informal sector. It is also important to
note that the Jackman-Roper condition exerts a moderating effect on how vacancies
are also varied in response to a shock from the perspective of wholesale firms. Owing

36



to the Jackman-Roper condition, wholesale firms in one sector of the Two Sector model
with complete labour mobility between the two sectors, if they are interested in secur-
ing a match, have to consider the job creation decision of the wholesale firms in the
other sector in determining the extent to which they can vary the number of vacancies
they post in response to a shock. This is because that decision impacts the number
of searchers households would allocate to search for job in their sector as opposed to
the other sector, directly affecting their ability to have a successful match. This is an
important mechanism if there is complete labour mobility between the two sectors in
the Two Sector model and this moderating influence is not present in the absence of
the Jackman-Roper condition.

An alternative way of looking at the arbitrage condition is to consider the labour market
of the model in steady-state. The sectoral laws of motion of labour in steady-state gives
us the respective steady-state formal and informal job-finding rates as f F = � F N F

sF and
f I = � I N I

sI . Also, the steady-state surplus to the households from an unemployed
worker being hired by the formal or informal sector wholesale firms respectively are

SH;F =

�
1 � � F

�
wF �

�
b+ �N '

C � 


�

1 � � (1 � � F ) (1 � f F )
(1.3.3.28)

and

SH;I =

�
1 � � I

�
wI �

�
b+ �N '

C � 


�

1 � � (1 � � I ) (1 � f I )
(1.3.3.29)

Equation 1.3.3.23 in steady-state is

f F SH;F = f I SH;I (1.3.3.30)

Using equations 1.3.3.28, 1.3.3.29, and the steady-state sectoral job-finding rates, we
can write equation 1.3.3.30 as
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(1.3.3.31)
where ~� F = � F

1� � (1� � F )(1 � f F ) and ~� I = � I

1� � (1� � I )(1 � f I ) .
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Hence, we have the arbitrage condition as
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(1.3.3.32)

Equation 1.3.3.32 implies that, if household surplus are higher in the formal sector,
then the household would allocate job searchers between the two sectors in such a way
that the number of searchers in the formal sector is more than those in the informal
sector.

1.3.4 Retail Firms

Retail firms in sector i purchase wholesale goods from sector i wholesale firms in a
competitive inputs market and transform them costlessly into differentiated sector i

retail goods sold to households and wholesale firms in sector i in a monopolistically
competitive output market. Some studies in the literature assume that the retail firms
purchase goods from formal and informal wholesale firms to produce a composite retail
good. In Castillo and Montoro (2012), only one type of wholesale good is produced
using formal and informal technologies and the wholesale good is used as input by the
representative retail firm to produce one type of retail good. Unlike our approach,
their approach clearly assumes that households consume only one type of good and
does not make a distinction between formal and informal retail goods, which is at odds
with the empirical evidence, at least in SSA. Their approach may, however, be justified
in relation to Latin American economies on the basis of the argument of Restrepo-
Echavarria (2014) that informal goods sold in metropolitan areas in Latin America are
similar to the formal goods. Our approach is similar to Ahmed, Ahmed, Khan, Pasha,
and Rehman (2012) for Pakistan and Gabriel, Levine, Pearlman, Yang, et al. (2011)
for the Indian economy, although Gabriel et al. (2011) makes a distinction between
wholesale and intermediate firms.

Retail firm j in sector i is the sole producer of sector i retail good j and faces a
downward-sloping demand curve, as well as set the prices of their outputs. Gov-
ernment also purchases retail goods with a demand function for good j of sector i

of Gi
t (j ) =

�
P i

t (j )
P i

t

� � 
 i

Gi
t , where Gi

t is a composite of individual sector i retail goods,

Gi
t =

 
R1

0 Gi
t (j )


 i � 1

 i dj

! 
 i


 i � 1

. Since retail goods are purchased by households and whole-
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sale firms, the total demand for good j of sector i retail firm j is

Y i
t (j ) = C i

t (j ) + Gi
t (j ) + � i vi

t (j ) =

 
P i

t (j )
P i

t

! � 
 i

Y i
t (1.3.4.1)

where Y i
t = C i

t + Gi
t + � i vi

t .

The production function of retail firm j in sector i is a one-to-one technology given as

Y i
t (j ) = Y i;W

t (j ) (1.3.4.2)

where Y i;W
t (j ) is the amount of sector i wholesale goods purchased by the retail firm

j in sector i .

The production function of sector i retail firms implies that the real marginal cost they
face

�
mci R

t+ k

�
, which is the same for all sector i retail firms, is exactly equal to the

relative price of the sector i wholesale goods. That is,

mci R
t+ k = mci R

t+ k (j ) =
P i;W

t+ k (j )

P i
t+ k

= mci
t+ k (j ) (1.3.4.3)

We further assume that each sector i retail firm sets prices following a staggered pricing
mechanism à la Calvo (1983). 9 Each firm faces an exogenous probability of changing
prices given by

�
1 � ! i � in a period.10

The decision problem is
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subject to

Y i
t+ k (j ) =
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 i

Y i
t+ k (1.3.4.5)

where Qt;t + k = � k � t + k
� t

= � k Uc;t + k
Uc;t

is the stochastic discount factor.

9Alternative ways of modelling price rigidities include the use of Taylor contracts (Chari, Kehoe, &
McGrattan, 2000) or by using convex price adjustment costs, with no staggering (Hairault & Portier,
1993; Rotemberg, 1996).

10 This implies that the average duration for which prices are left unchanged is given by
�

1
1� ! i

�
.
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Therefore, the optimal reset price for sector i retail good is given by
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(1.3.4.6)

This can be rewritten as
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t (j )
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where P i �
t (j ) is the chosen retail price by the re-optimising sector i retail firm j at time

t and � i = 
 i


 i � 1 .

Equation 1.3.4.7 essentially says that, the current price chosen by the re-optimising
sector i retail firm is a mark-up over the present value of the marginal costs of sector i

retail good. In steady-state, the price of sector i retail good is a mark-up � i = 
 i


 i � 1 over
the marginal costs (i.e. the price of sector i wholesale good). Away from steady-state,
the mark-up may vary due to frictions on price adjustment. It can be seen that, in the
absence of price rigidities, i.e. ! i = 0 , then equation 1.3.4.7 becomes

P i �
t (j )
P i

t
= � i mci

t (j ) (1.3.4.8)

And in a symmetric equilibrium under flexible prices, where all retail firms set the same
price, it can be seen that we would have a constant real marginal cost which is equal
to the inverse of the mark-up. That is, mci

t = 
 i � 1

 i = 1

� i .

A log-linearisation of equation 1.3.4.7 around the zero inflation steady-state would
yields the sectoral New Keynesian Phillips Curve.

1.3.5 Monetary Policy and Government

We assume that the nominal interest rate is using the simple Taylor rule

i t = �i (1 + Et � t+1 ) � � e" i
t (1.3.5.1)

where " i
t evolves according to " i

t = � i " i
t � 1 + %i

t with 0 � � i � 1 and %i
t � N

�
0; � 2

i
�
.

The version of the simple Taylor rule (Taylor, 1993) used in equation 1.3.5.1 suggests
that the central bank here responds solely to inflation, unlike some in the literature
where the central bank reacts to both inflation and output gap. Equation 1.3.5.1 implies
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that the central bank runs a policy that reacts to a rise in inflation by increasing nominal
interest rates. The parameter � � is the Taylor-rule coefficient and represents the long-
run elasticity of inflation with respect to nominal interest rate, the central bank’s policy
instrument. The Taylor principle requires that � � > 1. Bullard and Mitra (2002) show
that � � > 1 guarantees the existence of a unique stationary equilibrium. �i is the long-
run real interest rate, which is pinned down by the inverse of the discount factor, � .
" i

t is sometimes referred to as the stance of policy, which is subject to shocks, %i
t with

persistence, � i .

On the fiscal side, government consumption is a CES aggregate of formal and infor-

mal retails good, Gt =
�
�

1
�
G

�
GF

t

� � � 1
� + (1 � � G)

1
�

�
GI

t

� � � 1
�

� �
� � 1

, where � is the same
intertemporal elasticity in equation 1.3.2.1 and 0 � � G � 1 is the share of gov-
ernment spending on formal retail goods. The corresponding demand functions are
GF

t = � G

�
P F

t
Pt

� � �
Gt and GI

t = (1 � � G)
�

P I
t

Pt
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Gt . Gt is determined exogenously as

a fraction of real GDP, Yt and is given by Gt =
�
1 � 1

g

�
Yt , where g is a parameter

governing the ratio of government spending to GDP. The government finances govern-
ment consumption Gt and unemployment benefits, bby imposing wage income taxes at
a rate of � i on households. Each period, the government maintains a balanced budget
by imposing a lump-sum tax (transfer), Tt . Hence, the government budget constraint
is given as

� F Pt wF
t N F

t + � I Pt wI
t N I

t + Pt Tt = Pt Gt + Pt b(1 � N t ) (1.3.5.2)

1.3.6 Market Clearing and Aggregation

The total expenditure on sector i retail goods by households, government and wholesale
firms is

� i
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=
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(1.3.6.1)

where Y d;i
t (j ) = C i

t (j ) + Gi
t (j ) + � i vi

t (j ).

In equilibrium, markets for bonds, labour and goods all clear. The labour market
equilibrium is defined by the steady state equilibrium of vacancy and unemployment
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(Pissarides, 2000). This is represented by the point of intersection of the Beveridge

curve (i.e. the steady state version of the law of motion of labour, equation 1.3.1.1)
and the job creation curve. The job creation curve is the steady state version of the
dynamic job creation equation, equation 1.3.3.9. It replaces the labour demand curve of
the Walrasian labour market. The steady state version of the wage equation, equation
1.3.3.18, known simply as the wage curve, also replaces the labour supply curve of the
Walrasian labour market. Since, both the job creation curve and the wage curve are
in the (� i ; wi ) space, their intersection gives steady state equilibrium (� i � ; wi � ). By
eliminating wi , we have a unique � i , allowing for the plotting of the job creation curve
in the form vi = � i si , passing through the origin of the vi si -plane, with � i as the slope.11

Households are assumed to issue bonds, and so the bond market clearing implies that
B t = 0 for all t. Combining the household’s budget constraint, equation 1.3.2.6 and
the government’s budget constraint, equation, 1.3.5.2 we can write

wi
t N

i
t = pi

t

�
C i

t + Gi
t

�
� � r;i

t (1.3.6.2)

where � r;i
t is the real profit of sector i retail firms. Also, since the wholesale firms

operate in perfectly competitive outputs market, J W;i
t = 0 for each sector i wholesale

firm. Thus, we have
PW;i
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i vi

t (1.3.6.3)

Combining equations 1.3.6.2 and 1.3.6.3 gives
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Also, the real profits of sector i retail firms is
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(1.3.6.5)

Note that for each good j in sector i , market clearing means that Y d;i
t (j ) = Y i

t (j ). And
because the production function of retail goods in sector i is given by Y i

t (j ) = Y W;i
t (j ),

then directly from equation 1.3.6.5, the real profits of sector i retail firms can be written
11 see Miao (2020) for details
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as
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since Y W;i
t =

R
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t (j )dj .

Combining equations 1.3.6.4 and 1.3.6.6 gives
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t (1.3.6.7)

Further, using equation 1.3.4.2, the demand for retail good j of sector i , the resource
constraint is
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Alternatively, we have
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� Z  
P i

t (j )
P i

t

! � 
 i

dj (1.3.6.9)

So, we can write the resource constraints as

Y d;i
t = C i

t + Gi
t + � i vi

t (1.3.6.10)

Y W;i
t = Y d;i

t gi
t (1.3.6.11)

where gi
t =

R1
0

�
P i

t (j )
P i

t

� � 
 i

dj is a measure of relative price dispersion across sector i retail
firms. It can be shown that the relative price dispersion, gi

t is equal to one up to the
first order12.

To summarise, in equilibrium, all markets clear and the model is closed with the fol-
lowing sectoral identity:

Y i
t = C i

t + Gi
t + � i vi

t (1.3.6.12)
12 see Galí (2015), appendix 3.4
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However, we assume that government purchases are composed only of formal sector
retail goods. So, � G = 1 . Hence, the resource constraints of the two sectors are

Y F
t = CF

t + GF
t + � F vF

t (1.3.6.13)

Y I
t = C I

t + � I vI
t (1.3.6.14)

Finally, aggregate (real) output in the economy is defined as

Yt = pF Y F
t + pI Y I

t (1.3.6.15)

where pF = P F

P and pI = P I

P are the steady-state values of the relative prices of formal
and informal retail goods respectively.

Appendix A outlines the full set of equilibrium equations for the Two-Sector (Complete
Labour Mobility) models.

1.4 Theoretical Model without Informality (One-Sector
Model)

To be able to theoretically examine the impact of informality, we construct a one-sector
version of our model in section 1.3. This is a One Sector closed-economy model without
informality. This is relevant because, if we are interested in establishing the effects of
informality, the it is important that we compare the dynamics in the same models; one
with an informal sector and the other without an informal sector, where the model
without an informal sector (i.e., the One Sector model) is calibrated to match the
formal sector of the Two Sector model. This allows us to isolate the different dynamics
caused by the introduction of an informal sector when both models are hit by the
same aggregate shocks. As most of the structural make-up of the One Sector model
is analogous to the Two Sector model, for brevity, we set out only the most relevant
parts of the One Sector model and also the parts that are materially different from the
Two Sector model, as a way of avoiding unnecessary repetitions. Some details of the
One Sector model would be situated in the appendix for reference if required.

Similar to the Two Sector model, there are two main types of firms; wholesale and retails
firms. However, unlike the Two Sector model, there is only one type of wholesale firm
characterised by labour market frictions à la the DMP model and flexible prices and
only one type of retail firm characterised by monopolistic competition, and sticky prices
à la the Calvo pricing mechanism.
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As with the Two Sector model, there is a mass of identical workers comprising the
labour force, L t of size 1, composed of employed workers, N t who supply labour to the
wholesale firms for wage, wt (subject to wage tax, � ) and unemployed workers, Ut who
receive unemployment benefits, b. Thus, we have L t = N t + Ut = 1 . Following the same
assumptions made in the Two Sector model, aggregate employment has the following
dynamics

N t = (1 � � ) N t � 1 + st f t (1.4.0.1)

where st = 1 � (1 � � ) N t � 1 is the fraction of aggregate job searchers, � 2 [0; 1) is the
exogenous job destruction rate and f t is the aggregate job finding rate. The ‘post-hiring’
aggregate unemployment in the model economy is Ut = 1 � N t , since the number of new
matches (new hires) is ht = st � Ut . The overall unemployment rate is ut = Ut

1 = Ut .

Aggregate hiring is determined by function ht =
�
s� �

t + v� �
t

� � 1
� where vt is aggregate

vacancies and � > 0 is a parameter governing the elasticity of substitution of the
inputs in the matching function. This means that the aggregate job finding rate,
f t =

�
1 + � � �

t

� � 1
� and the aggregate vacancy filling rate qt = (1 + � �

t ) � 1
� depend on

the aggregate labour market tightness � t = vt
st
.

As in the Two Sector model, households derive flow utility from consumption, Ct and
disutility from employment, N t . Unlike in the Two Sector model, here consumption
is not modelled as a CES aggregation, as there is only one type of retail good. We
can alternatively view it as a case of the Two Sector model, where the share of in-
formal consumption, (1 � � F ) = 0 . So, aggregate consumption is a composite of
individual retail good j and is defined by the Dixit and Stiglitz (1977) aggregator,

Ct =
�

R1
0 Ct (j )


 c � 1

 c dj

� 
 c


 c � 1
where Ct (j ) is household consumption of individual retail

good j and 
 c is the elasticity of substitution between individual goods. The corre-
sponding price index for retail goods is Pt =

� R1
0 Pt (j ) 
 c � 1dj

� 1

 c � 1 where Pt (j ) is the

price of retail good j . The household’s allocation of retail good j , derived by solving
the cost minimisation problem of the household, is described by the following demand
function

Ct (j ) =
�

Pt (j )
Pt

� � 
 c

Ct (1.4.0.2)

where Pt (j )
Pt

is the firm j relative retail price.

Analogous to the Two Sector model, the household’s budget constraint is

(1 � � )Pt wt N t + Pt b(1 � N t ) + � r
t + B t � 1 = Pt Ct + Tt + pbt B t (1.4.0.3)
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where � r , B , T and pbt are as defined in the Two Sector model. Since there is no
informal sector here, there are no reallocation costs. Hence, the household’s problem
involves maximising the household’s utility

max
f Ct ;B t ;N t g

Et

1X

t=0

� t e" D
t

(
C1� 


t

1 � 

� �

N 1+ '
t

1 + '

)

(1.4.0.4)

subject to the household’s budget constraint, equation 1.4.0.3, the evolution of aggre-
gate employment, equation 1.4.0.1 and aggregate job searchers, st = 1 � (1 � � ) N t � 1

where "D
t is a demand shock which evolves according to "D

t = � d"D
t� 1 + %d

t with
0 � � d � 1 and %d

t � N
�
0; � 2

d
�
.

The set of optimality conditions for the householdare

C � 

t = �e " D

t Et C
� 

t+1

(1 + i t )
1 + Et � t+1

(1.4.0.5)

�e " D
t Et

C � 

t+1

C � 

t

= � Et
� t+1

� t
=

1
1 + r t

(1.4.0.6)

� 2
t = � �N '

t + f (1 � � )wt � bgC � 

t + � Et � 2

t+1 f (1 � � ) (1 � f t+1 )g (1.4.0.7)

Analogous to the Two Sector model, the marginal household surplusfrom an additional
household member employed, measured in consumption units is

SH
t = (1 � � )wt � b�

�N '
t

C � 

t

+
1

1 + r t
Et

n
(1 � � ) (1 � f t+1 ) SH

t+1

o
(1.4.0.8)

where we define SH
t =

@Ut
@Nt
� t

with @Ut
@Nt

= � 2
t .

The wholesale firm operates in a perfectly competitive output market with the produc-
tion function

Y W
t (j ) = zAt N t (j ) (1.4.0.9)

where j is the index of the firm and A is aggregate productivity shock, common to
all wholesale firms. z � 1 can be interpreted as the level of access to public services
by wholesale firms that affects the degree to which they effectively utilise aggregate
technology in production. The aggregate productivity shock is defined by

A t = e" "
t (1.4.0.10)
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where " "
t evolves according to " "

t = � " " "
t � 1 + %"

t with 0 � � " � 1 and %"
t � N

�
0; � 2

"
�
.

The optimal decision problem of the representative wholesale firm is given by

max
N t + k ;vt + k

J W
t = Et

1X

k=0

� t+ k � t+ k

� t

(
PW

t+ k

Pt+ k
zAt+ kN t+ k � wt+ kN t+ k � �v t+ k

)

(1.4.0.11)

subject to
N t+ k = (1 � � ) N t+ k� 1 + qt+ kvt+ k (1.4.0.12)

The first order conditions with respect to vacancies and employment respectively are

vt : 
 t =
�
qt

(1.4.0.13)

N t :
PW

t

Pt
zAt � wt � 
 t + Et �

� t+1

� t

 t+1 (1 � � ) = 0 (1.4.0.14)

where 
 t is the Lagrange multiplier associated with equation 1.4.0.12.

Combining the first order conditions of vacancies and employment, we can derive the
net marginal hiring cost for wholesale firms as

� t = �
�

1
qt

�
1

(1 + r t )

�
(1 � � )
Et qt+1

��
(1.4.0.15)

where we define � t = zA t
� t

� wt and � Et
� t +1

� t
= 1

1+ r t
. We can therefore write the real

marginal cost for wholesale firm is

mct =
wt + � t

zAt
(1.4.0.16)

since the retail mark-up, � t = Pt
P W

t
= 1

mc t
. The dynamic job creation equation for the

wholesale firm is therefore

�
qi

t
=

zAt

� t
� wt +

1
1 + r t

�
(1 � � )

�
Et qt+1

�
(1.4.0.17)

We can write the marginal surplus to the wholesale firm from hiring an additional
worker as

SF
t =

zAt

� t
� wt +

1
1 + r t

�
(1 � � )

�
Et qt+1

�
(1.4.0.18)

where we define SF
t = @JWt

@Nt
, recalling that SF

t+1 = �
Et qt +1

.
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The Nash-bargained wage is derive by choosing real wage, wt the maximises the Nash
product

max
wt

�
SH

t

� � �
SF

t

� 1� �
(1.4.0.19)

where � 2 (0; 1) is the relative bargaining power of worker. The first order condition
with respect to wt results in

(1 � � ) SH
t = (1 � � ) �S F

t (1.4.0.20)

Hence, analogous to the Two Sector model, the real wageis given by

wt = (1 � � ) (1 � � ) � 1

 

b+
�N '

t

C � 

t

!

+ �
�

zAt

� t
+

1
1 + r t

(1 � � ) � Et � t+1

�
(1.4.0.21)

The representative retail firm, on the other hand, is monopolistically competitive and
prices are sticky. It chooses the nominal price P �

t (j ) to solve the profit maximisation
problem

max
P �

t (j )
Et

( 1X

k=0

(! )kQt;t + k

"
Pt (j )
Pt+ k

Yt+ k (j ) �
PW

t+ k (j )
Pt+ k

(Yt+ k (j ))

#)

(1.4.0.22)

subject to the production function, Yt (j ) = Y W
t (j ) and the demand constraint, Yt+ k (j ) =�

Pt (j )
Pt + k

� � 

Yt+ k , where where Qt;t + k = � k � t + k

� t
= � k Uc;t + k

Uc;t
is the stochastic discount fac-

tor, 
 is the elasticity of substitution among varieties of retail goods and ! is the
probability that the retail firm will not be able to optimally reset its price in a period.

The optimal reset price for retail goods is given by

P �
t (j )
Pt

= � (1 � �! ) Et

1X

k=0

(�! )k

 
PW

t+ k (j )
Pt+ k

!

(1.4.0.23)

which can be rewritten as

P �
t (j )
Pt

= � (1 � �! ) Et

1X

k=0

(�! )kmct+ k (j ) (1.4.0.24)

where P �
t (j ) is the chosen retail price by the re-optimising retail firm j at time t and

� = 


 � 1 is a mark-up over the marginal costs (i.e. the price of wholesale good). A

log-linearisation of equation 1.4.0.24 around the zero inflation steady-state would yields
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the New Keynesian Phillips Curve.

Government purchases Gt (j ) retail goods from retail firm j with the demand function
Gt (j ) =

�
Pt (j )

Pt

� � 
 c

Gt where the value of aggregate government consumption is deter-

mined exogenously as a fraction of real GDP, Yt and is given by Gt =
�
1 � 1

g

�
Yt . It

finances government consumption Gt and unemployment benefits, busing wage income
taxes levied on households at a rate of � on households. It maintains a balance budget
each period by imposing a lump-sum tax (transfer), Tt :

�P t wt N t + Pt Tt = Pt Gt + Pt b(1 � N t ) (1.4.0.25)

As in the Two Sector model, the central bank sets the nominal interest rate using the
simple Taylor rule

i t = �i (1 + Et � t+1 ) � � e" i
t (1.4.0.26)

where " i
t evolves according to " i

t = � i " i
t � 1 + %i

t with 0 � � i � 1 and %i
t � N

�
0; � 2

i
�
.

In equilibrium, all markets clear and the model is closed with the following identity

Yt = Ct + Gt + �v t (1.4.0.27)

Appendix A outlines the full set of equilibrium equations for the One Sector Model.

1.5 Steady State of the Model

We now define the steady state values of the endogenous variables of our models. The
steady state of a New Keynesian model is purely supply-driven. So, in order to find
the steady state solution for wages, employment, unemployment and so on, we do not
need demand because prices have adjusted. So, the consumer or demand side of our
model is not relevant. We do not need the New Keynesian Phillips Curve (NKPC).
Instead, prices are set as mark-up over marginal costs.13 So, the expression mc = 1

�

replaces the NKPC.

1.5.1 Steady State of the Two-Sector Model

Appendix B outlines the full set of equations that define the steady-state of the Two-
Sector (Complete Labour Mobility) model. The relevant equations for solving the
steady-state of the model can be reduced to the following equations:

13 to be discussed in the next section
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1 � � F

� F

! �
zF AmcF � (1 � � F ) � 1

�
b+

�N '

C � 


��
=

 
r + � F

1 + r

! "
L F � (1 � � F )N F

� F N F

#

� F + � F

 
1 � � F

1 + r

!

� F (1.5.1.1)

 
1 � � I

� I

! �
zI AmcI � (1 � � I ) � 1

�
b+

�N '

C � 


��
=

 
r + � I

1 + r

! "
L I � (1 � � I )N I

� I N I

#

� I + � I

 
1 � � I

1 + r

!

� I (1.5.1.2)

C =
��

1
g

�
zF A + (1 � � F )� F � F

�
N F + [ zI A + (1 � � I )� I � I ]N I � L F � F � F � L I � I � I (1.5.1.3)

1 = L F + L I (1.5.1.4)
�
1 � � F

�
 

� F

1 � � F

!

� F � F =
�
1 � � I

�
 

� I

1 � � I

!

� I � I (1.5.1.5)

where � F = 0 :25 and � I = 0 are the tax rates for formal and informal wage respectively.

So, we have 5 equations, 5 unknowns: � F , � I , L F , L I and C.
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Equations 1.5.1.1 and 1.5.1.2 are derived by combining the respective sectoral rela-
tions for real wages, dynamic job creation, evolution of labour14, number of searchers,
vacancy filling rate and job finding rate. Equation 1.5.1.3 is derived by combining
the relations for aggregate and sectoral resource constraints, sectoral labour market
tightness, government spending, sectoral number of searchers and sectoral production
functions. Equation 1.5.1.4 is the equation defining the total labour force and equation
1.5.1.5, our arbitrage or generalised Jackman-Roper condition, a required equation for
the model with complete labour mobility. We compute the steady-state solution of the
model using a combination of analytical and numerical techniques.

We set the steady-state value of unemployment, U to the average unemployment rate
in Ghana in the data, and therefore have the steady-state value of employment, since
N = 1 � U. We use the the ratio of formal employment to total employment in
Ghana,

�
N F

N

�
to compute our steady-state value of formal employment, N F knowing

N . We then use equation N = N F + N I to compute the value of N I . We give a
detail explanation of this in section 1.7.1. Given the values of the parameters � F , � I ,
� F , � I , � F , � I , � F , � I , � , ' , 
 , g ,b, and � with � = 1

1+ r , mcF = 1
� F = 
 F � 1


 F and
mcI = 1

� I = 
 I � 1

 I , we can numerically solve the system of equations 1.5.1.1 to 1.5.1.5

to pin down � F , � I , L F , L I and C. The choice of the steady-state values of sectoral
technologies AF and A I are dealt with in section 1.7.1 below. We can then compute the
steady-state sectoral number of searchers using si = L i � (1 � � i )N i and subsequently
the sectoral job finding rate using the steady-state form of the sectoral law of motion
of labour, f i = � i N i

si . Knowing the values of f i and � i , we can analytically compute

the implied value of � i using f i =
�

1 +
�
� i � � � i

� � 1
� i

. The rest of the steady-state

endogenous variables follow directly, as they are all functions of � F , � I , N F , N I , N ,
C, L F , L I , f F , and f I .

1.5.2 Steady State of the One-Sector Model

Appendix B outlines the full set of equations that define the steady-state of the One-
Sector model. The relevant equations for solving the steady-state of the model can be
reduced to the following equations:
�

1 � �
�

� �
zAmc � (1 � � ) � 1

�
b+

�N '

C � 


��
=

�
r + �
1 + r

� �
1 � (1 � � )N

�N

�
� + �

�
1 � �
1 + r

�
�

(1.5.2.1)
14 Note that in steady-state, the number of newly-unemployed workers in sector i , � i N i must equal

the number of newly-hired or newly-�lled vacancies in sector i , hi .
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C =
��

1
g

�
zA + (1 � � )��

�
N � �� (1.5.2.2)

So, we have 2 equations, 2 unknowns: � and C. The rest of the steady state
equations follow from these.

Equation 1.5.2.1 is derived by combining the relations for real wages, dynamic job cre-
ation, evolution of labour, number of job searchers, vacancy filling rate and job finding
rate. Equation 1.5.2.2 is derived by combining the relations for aggregate resource
constraint, labour market tightness, government consumption, aggregate number of
job searchers and the production function. We compute the steady-state solution of
the model using a combination of analytical and numerical techniques. We set the
steady-state value of unemployment, U to the average unemployment rate in Ghana in
the data, and therefore have the steady-state value of employment since N = 1 � U.
Given the values of the parameters � , � , � , � , � , ' , 
 , g ,b, and � with � = 1

1+ r and
mc = 1

� = 
 � 1

 , we can numerically solve the system of equations 1.5.2.1 to 1.5.2.2

to pin down � and C. The choice of the steady state values of sectoral and aggre-
gate technologies z and A respectively are dealt with in section 1.7.1 below. We can
compute the steady-state aggregate number of job searchers using s = 1 � (1 � � )N

and subsequently the job-finding rate using the steady-state form of the law of motion
of labour, f = �N

s . Knowing the values of f and � , we can analytically compute the

implied value of � using f =
n

1 + ( � ) � �
o � 1

� . The rest of the steady-state endogenous
variables follow directly, as they are all functions of � , N , C and f .

1.6 The Log-linearised Model

To loglinearise the model, we define x̂ t as the approximate percentage deviation of a
variable X t from its non-stochastic steady state value X as ln (X t ) � ln (X ) = ln

�
X t
X

�
�

X t � X
X � x̂ t .

1.6.1 Log-linearised Two-Sector Model

The Investment-Saving (IS) Curve

The New Keynesian IS curve is derived by log-linearising our Euler equation (equation
1.3.2.9) around the zero inflation steady state as

ĉt = E t ĉt+1 �
1



�
î t � E t � t+1

�
+ "̂D

t (1.6.1.1)
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Equation 1.6.1.1 is an expectational IS Curve and represents the demand-side of the
economy; derived from the optimising behaviour of the representative household.

The Sectoral Phillips Curve

To derive the sectoral Phillips Curves, we loglinearise the relation for the optimal
sectoral reset price, equation 1.3.4.7 around a zero inflation steady state, where � i

t =�
P i

t
P i

t � 1

�
and P i �

t = P i
t = P i

t � 1 for all t. This obtains the sectoral New Keynesian Phillips

Curve (NKPC) for sector i below, à la Galí and Gertler (1999)

� i
t = �E t � i

t+1 + �� i cmci
t (1.6.1.2)

where �� i = (1� ! i )(1� �! i )
! i . 15 Note that � t = �̂ t = p̂t � p̂t � 1 and � i

t = �̂ i
t = p̂i

t � p̂i
t � 1.

Equation 1.6.1.2 is a forward-looking NKPC and represents the supply-side of the
economy, derived from the optimal pricing decisions of firms. It says that the current-
period sectoral inflation is a function of expected future inflation in that sector and
a measure of sectoral marginal cost or the discounted sum of future sectoral marginal
costs, cmci

t , given as (in log-linear form of sector i marginal cost, mci
t , equation 1.3.3.11)

cmci
t =

 
wi

wi + � i

!

ŵi
t +

 
� i

wi + � i

!

�̂ i
t � âi

t (1.6.1.3)

where wi and � i are steady state values of sectoral real wage and sectoral hiring costs
respectively. Also, equation 1.6.1.3 says that current-period sectoral inflation is strictly
decreasing in the index of sectoral price stickiness , ! i .

Aggregate Inflation and Relative Prices

To derive aggregate inflation, we log-linearise the aggregate consumer price index (CPI),
equation 1.3.2.3 to get the aggregate inflation relation below

� t = � F � F
t + (1 � � F ) � I

t (1.6.1.4)

We can alternatively derive the relationship between aggregate inflation and sectoral
inflation using relative prices. We define the following relative prices and inflation

15 In models that assume that price-setting is de�ned by a quadratic adjustment cost function à la
Rotemberg (1982), rather than by the frequency of price adjustment à la Calvo (1983), �� i is a function
of the adjustment cost.
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relations:
pi

t =
P i

t

Pt
(1.6.1.5)

� i
t =

P i
t

P i
t � 1

(1.6.1.6)

� t =
Pt

Pt � 1
(1.6.1.7)

We can show that
� i

t

� t
=

pi
t

pi
t � 1

(1.6.1.8)

Log-linearising this gives
� i

t = p̂i
t � p̂i

t � 1 + � t (1.6.1.9)

Also, using relative prices, the aggregate consumer price index (CPI), equation 1.3.2.3
can be log-linearised as

p̂F
t = �

�
1 � � F

� F

�
p̂I

t (1.6.1.10)

Using equations 1.6.1.9 and 1.6.1.10, we can derive an alternative relation for aggregate
inflation as

� t = � F
t +

�
1 � � F

� F

� �
p̂I

t � p̂I
t � 1

�
(1.6.1.11)

Also, using the relative prices, the log-linearised sectoral consumption demand functions
are

ĉF
t = ĉt + �

�
1 � � F

� F

�
p̂I

t (1.6.1.12)

ĉI
t = ĉt � � p̂I

t (1.6.1.13)

Appendix C outlines the full set of log-linearised equilibrium equations for the Two-
Sector (Complete Labour Mobility) model.

1.6.2 Log-linearised One-Sector Model

Aggregate Phillips Curve

Analogous to the Two Sector model, the aggregate Phillips Curve, is derived by log-
linearising the relation for the optimal reset price, equation 1.4.0.24 around a zero
inflation steady state, which implies that � t =

�
Pt

Pt � 1

�
and P �

t = Pt = Pt � 1 for all t.
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This obtains the aggregate New Keynesian Phillips Curve (NKPC) below

� t = �E t � t+1 + �� cmct (1.6.2.1)

where �� = (1� ! )(1 � �! )
! . Note that � t = �̂ t = p̂t � p̂t � 1 and � t = �̂ t = p̂t � p̂t � 1.

The log-linearised marginal cost is derived using the marginal cost, mct , equation
1.4.0.16

cmct =
�

w
w + �

�
ŵt +

�
�

w + �

�
�̂ t � ât (1.6.2.2)

where w and � are steady state values of real wage and hiring costs respectively.

Appendix C outlines the full set of log-linearised equilibrium equations for the One-
Sector model.

1.7 Simulation and Quantitative Exercise

1.7.1 Calibrations and Parametrisation

The model is calibrated at a quarterly frequency to match the frequency of our data.
To be able to examine the quantitative impact of informality, we allow the One Sec-
tor model to have the same parameter calibration as the formal sector of the Two
Sector model. We also take seriously the contention that simulations derived from
calibrated NK-DSGE models are mostly sensitive to the arbitrarily chosen parame-
ter values. To address this, we follow Pappa (2005) and Dedola and Neri (2007), we
employ a calibration method that accommodates a wide range for some parameters,
reflecting the reasonable level of uncertainty over the values of these parameters. That
is, we make the assumption that the parameters of the model are uniformly and inde-
pendently distributed over a fairly wide range encompassing values mostly used in the
DSGE calibration and estimation literature. We decompose the vector of parameters,
~� =

�
~� 1; ~� 2

�
where ~� 1 represents the set of parameters which are fixed to a specific value,

owing either to restrictions by steady state considerations or an attempt to avoid inde-
terminacies, while ~� 2 is the set of parameters that are allowed to vary within a range.
Since, in most cases, we have no specific estimates of the parameters for the Ghanaian
economy and even an average for the SSA subregion, we as much as possible make sure
that the parameters vary (i.e belong to ~� 2), except in some specific cases. Some of the
parameters like the productivity-related parameters (i.e., z, zF ,zI ) are fixed to ensure
that we meet some target steady state ratios, reflecting some long-term characteristics
of the Ghanaian economy. Other parameters such as the tax rates (i.e., � , � F ,� I ) and
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the discount rate (i.e., � ) are fixed, as their values are determined to reflect the known
tax rates and long-term real interest rates of Ghana respectively. All other parameters
are allowed to vary within a range determined to include a wide range of values used in
the NK-DSGE and Search and Matching literature, as we do not have their specific es-
timates for Ghana or SSA. As we explain in subsection 1.7.2, we perform Monte Carlo
simulations where we make large draws of vector of parameters from the parameter
distributions in table 1.1 for each of the two models. We save the impulse responses to
a one percent positive aggregate demand, aggregate technology and monetary policy
shocks for each of the draws. Then we compute the median, 32 and 68 percentiles of
the distribution of the saved draws.

We set the quarterly real interest rate to 1.8 percent,16 implying an annual real interest
rate of approximately 7.4 percent, which is equal to the average annual real17 yield on
a 91-Day Treasury Bill for Ghana from 2009 to 2018 according to Bank of Ghana
(2020).18 The value of the discount rate,19 � is set to 0.9823 in line the quarterly
interest rate of 1.8 percent. The average total unemployment rate of Ghana from 1991
to 2020 is approximately 6.220 percent (World Bank, 2020). Our benchmark calibration
will however target a steady-state total unemployment rate of 12.5 percent. Thus,
U = UF + U I = 0 :125. In doing so, we follow the practice of some authors, including
Krause and Lubik (2007) and Petrosky-Nadeau (2014) who argue that, since the model
does not take into account non-participation, the target steady-state unemployment
rate must be greater than the rate of unemployment gleaned from the data. They
set their steady-state unemployment rates to 12 and 10 percent respectively. It is
common to find even higher aggregate steady-state unemployment rates in business
cycle models with search and matching frictions in the literature. Andolfatto (1996)
used 58 percent, while Trigari (2009a) used 25 percent. Since, the total labour force in
our model is made up of the total employment and total unemployment, i.e. L = N + U,
the implied target aggregate steady-state employment, N is set to 0.875 as the total
labour force, L is normalised to 1. Also, about 60 percent of the workforce in Ghana is
employed in the informal sector Ghana Statistical Services (2015).21 Consequently, one
of our calibration targets is for steady-state formal employment to be approximately
40 percent of aggregate employment. Computations using values from Ackah, Adjasi,
Turkson, and Acquah (2014, p. 4) show that the ratio of average formal sector earnings

16 Computed using (1 + quaterlyinterestrate) 4 = (1 + annualinterestrate)
17 In�ation adjusted.
18 Central Bank of Ghana.
19 Computed as � = 1

1+ ( r ( A ) =400 )
20 Author's calculation from �gures from World Bank (2020).
21 The 2015 National Employment Report of the Ghana Statististical Services.
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to informal sector earnings in Ghana is about 1.55. We therefore target steady-state
formal sector wage to informal sector wage, wF

w I of 1.55.

Medina et al. (2017) estimated the size of the informal economy of SSA countries from
1991 to 2014. They concluded that the average annual contribution of the informal sec-
tor is 40 percent as a percentage of GDP for the low income countries in the region and
35 percent for its middle income economies. The size of the informal sector is however
over 40 percent of GDP for the oil exporting economies in the region. In a later study,
Medina and Schneider (2018) employed multiple techniques to estimate the size of the
informal economy of 158 countries, including Ghana. They estimated the average size
of the informal economy in Ghana to be 42.91 percent of GDP using data from 1991
to 2015. This is consistent with that of Asiedu and Stengos (2014) who estimated
the long-run average size of the shadow economy in Ghana to be over 40 percent of
GDP for the period 1983-2003. Accordingly, we choose the values for the steady-state
productivities of the formal and informal sectors to match the target steady-state ratio
of informal sector output to aggregate output of 43 percent in line with the estimate of
Medina and Schneider (2018). So, following Zenou (2008), we assume that the formal
sector is more productive than the informal sector because of access to better tech-
nology mostly due to greater access to infrastructure. The implied formal sector to
informal sector productivity ratio for zF A

zI A our model is around 1.99. To achieve this,
we set A = 1 :99, zF = 1 and zI = (1 =1:99). The formal to informal sector productivity
ratio of around 2 is about four times lower than that of Docquier and Iftikhar (2019)
for SSA countries, but same as that of Charlot, Malherbet, and Terra (2015) for Brazil
and Fernández and Meza (2015) for Mexico. Loayza and Rigolini (2006), Porta and
Shleifer (2008) and Oviedo, Thomas, and Karakurum-Ozdemir (2009) show that the
productivity gap between formal and informal firms is enormous. Benjamin and Mbaye
(2012) documents a negative relationship between informality and firm productivity in
West African economies. According to empirical evidence, the difference in productiv-
ity between formal and informal firms in emerging market and developing economies
is between 30 percent and 216 percent (Perry et al., 2007; Porta & Shleifer, 2008).
This underscores the importance of productivity growth in the formal sector to boost
economic growth (Cooper & Lewis, 2004; Banerjee & Duflo, 2005).

In the absence of any information on the bargaining power or workers in Ghana, we
follow the recommendations of Satchi and Temple (2009) who suggest a bargaining
power of around 0.70 when dealing with an economy where the informal sector makes
up over 30 percent of the workforce. Hornstein, Krusell, and Violante (2005) and
Docquier and Iftikhar (2019) chose the value of 0.72 for some SSA countries. We
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therefore set the bargaining power for formal workers to vary between 0.70 and 0.80.
Thus, � F 2 [0:70; 0:80]. It suggests that formal workers get a larger proportion of the
gains from successful matches. This makes intuitive sense because in Ghana, three out
of four jobs in the formal sector are unionised (Assens & Jensen, 2003). We then set
the value of the informal bargaining power to vary between 0.40 and 0.60, based on
the average value of 0.50 widely used in the search and marching literature including
studies by Shimer (2005) and Albrecht, Robayo-Abril, and Vroman (2019). Thus,
� I 2 [0:40; 0:60].

Again, we do not have access to job separation data for Ghana and other SSA. Bosch
and Esteban-Pretel (2012), however, provide empirical evidence of higher average job
separation rate in the informal sector compared to the formal sector. Bosch and Mal-
oney (2008) and Shapiro (2015) set the informal job destruction rate at 0.06 and the
formal job destruction rate at 0.03 corresponding to the respective annual rates of 26
percent and 13 percent, and in line with the annual rates of Ulyssea (2010). Based on
these values, we set the formal job destruction rate to vary between 0.02 and 0.04, i.e.,
� F 2 [0:02; 0:04] and the informal job destruction rate to vary between 0.05 and 0.07,
i.e., � I 2 [0:05; 0:07]. We can then use the hiring equilibrium conditions to compute
respective implied steady state job finding rates for both sectors. In steady-state, the
job destruction rate in existing matches multiplied by the number of matches in sector
i must be equal to sector i job finding rate multiplied by the number of searchers in
sector i . Thus, in steady-state, we must have � i N i = f i si for i 2 (F; I ).

Unemployment benefits in the literature for advanced or emerging market economies
is usually used to represent the monetary value of leisure, non-working activities or
home production, including any monetary compensation paid to unemployed workers
by the state in the form of unemployment or income support programmes. However,
in Ghana there is no such social security unemployment benefit, according to ILO
(2022).22 Therefore, Lain (2019) set the value of b to 0. Clearly, this does not consider
the value of leisure and home production. We therefore depart from this and set b > 0.
The actual value of b is calibrated to meet steady-state targets. The average total
government consumption as a percentage of GDP for Ghana from 2000 to 2019 is
approximately 10 percent (World Bank, 2021). We therefore set the value of g to meet
this target in steady-state. Recall that in our model economy, we define G =

�
1 � 1

g

�
Y .

For the One Sector model, we set the value of g to (10=9) � 1:11 to meet the target.
For the Two Sector model, we consider our assumption that government purchases are
composed only of formal retail goods and our steady-state formal output to total output

22 International Labour Organisation.
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ratio of 0.57 (i.e. Y F = 0 :57Y ), we set the value of g to 1.21 to match the government
consumption to total output ratio of 10 percent. The average personal income tax in
Ghana is about 25 percent (GRA, 2021).23 We therefore set our formal labour income
tax rate, � F to 0.25. The informal sector in Ghana is mostly untaxed, so we set our
informal labour income tax rate, � I to 0.00.

The value of the elasticity of substitution of consumption of formal and informal goods
drives the dynamics of formal and informal consumption, which makes the choice of
a correct value vital. To the best of our knowledge, there is no estimates of elasticity
of substitution of consumption between formal and informal goods for SSA countries.
Hence, the choice of the right value for this parameter is a judgement call. The choice
of an appropriate value depends on our view of the degree of complementarity or sub-
stitutability between these goods. The larger the value of � , the greater the degree of
substitutability between formal and informal retail goods. As � ! 0, the higher the
degree of complementarity of the two goods. If � = 0 , then both retail goods have to
be in a fixed proportion. The degree of substitutability or complementarity depends on
whether formal sector and informal sector firms sell their output in similar or distinct
markets. In our model economy, there is no sectoral overlap between firms operating in
both sectors. However, the retail output of both sectors is sold to households. Hence, a
higher value or lower value of � is plausible. Restrepo-Echavarria (2014) and Fernández
and Meza (2015) set the elasticity to a very high value to 8 for Mexico arguing that
that formal and informal goods are close substitutes in the context of Latin America
because they observed that the informal goods sold in large metropolitan areas are
similar to formal goods. Some studies, including Anand and Khera (2016) and Khera
(2016) for India and Munkacsi and Saxegaard (2017) for South Africa set the value to
1.5, which is a value commonly used in the literature for the elasticity of substitution
between traded and non-traded goods. The argument here is that formal goods are
mostly traded and informal goods are mostly non-traded.24 Colombo et al. (2019)
followed Epstein and Shapiro (2017) and set the value at 5 for a cross-section of high
income and non-high income countries. Gabriel et al. (2011) estimated the value to
be between 1.13 and 1.76 for the Indian economy and Ahmed et al. (2012) sets the
value at 0.70 for Pakistan. For our calibration, we set the value at a range that encom-
passes most of these different values in the literature, i.e., � 2 [0:5; 5:0]. This choice,
however, suggests that there is a lower degree of substitutability between formal and
informal goods in Ghana compared to Mexico. The informal sector in Ghana is largely
made up of self-employed workers, small food processors, street vendors, subsistence

23 Ghana Revenue Authority.
24 Fugazza and Fiess (2010) and Agénor and Aizenman (1999) make a similar assumption.
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farmers and fishermen, artisans, petty-traders, artisans, head-porters ("kayayei") and
so on. The formal sector is dominated by large firms, multinational organisations, large
supermarkets and malls, etc. While some of the consumption goods and services they
provide can be sold by the large supermarkets and malls in the formal sector, there are
very few of them in Ghana. On the other hand, goods such as electronic consumables
sold by large malls and supermarkets are sometimes sold in smaller quantities at lower
prices by small-scale vendors in the informal sector because they do not pay taxes.
Some studies, including Fernández and Meza (2015) set one value and then conduct
robustness checks using lower and higher values. This is inherent in our approach of
choosing a range instead of a value.

We do not have current estimates for the elasticity of substitution intertemporal elas-
ticity of substitution in consumption for Ghana or any SSA economy. However, Ogaki,
Ostry, and Reinhart (1996) estimated the intertemporal elasticity of substitution in
consumption for a set of countries, including Ghana. Their estimate for Ghana was
0.45 (i.e., inverse is � 2:2) and the average for low income countries was 0.34 (i.e.,
inverse is � 2:94). Duncan (2003) estimated the value to range between 0.46 (i.e.,
inverse is � 2:18) and 0.56 (i.e., inverse is � 1:79) for the Chilean economy based on
data from 1986-2002. We set household’s utility curvature with respect to aggregate
consumption to vary between 1 and 3, i.e. 
 2 [1:0; 3:0], implying an intertemporal
elasticity of substitution in consumption of between 1=3 and 1. This range captures the
value of inverse of intertemporal elasticity of substitution of 2.68 set by Bi, Shen, and
Yang (2016) and the value of 2 commonly used in the literature including by Devereux,
Lane, and Xu (2006), Aguiar and Gopinath (2007), Garcia-Cicco, Pancrazi, and Uribe
(2010) and Anand, Prasad, and Zhang (2015) for developing countries, although it is
slightly more than the value of 0.2 set by Agénor and Montiel (2015) for low income
countries. Again, we do not have estimates of the elasticity of labour supply in Ghana
and other SSA countries. However, Bi et al. (2016) set the inverse of the Frisch elas-
ticity of labour supply to 3.54 for developing countries, while Peiris and Saxegaard
(2007) sets the value to 1.5 for low income countries and Berg, Mirzoev, Portillo, and
Zanna (2010) uses the value of 2 for Uganda. Anand et al. (2015) sets the value at
2 for a developing country. Given these values, we set the value of the inverse of the
Frisch elasticity of labour supply to vary between 1 and 3.54, i.e. ' 2 [1:0; 3:54]. This
range captures the value of 1.6 set by Boz, Durdu, and Li (2015) for emerging market
economies, reflecting the relatively inelastic supply of labour in developing countries.
Mitra (2013), however, uses a value of 3 for a developing country with a large informal
sector that contributes between 35 to 50 percent of GDP.
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The standard Calvo price-stickiness parameter value used in the DSGE literature is 0.75
(see Smets and Wouters (2007) , Ascari and Sbordone (2014), among others), implying
a contract length of 4 quarters. However, Buffie, Airaudo, and Zanna (2018) estimated
the average Calvo price-stickiness parameter for less-developed countries, arriving at a
value of 0.50. Gabriel et al. (2011) estimated price-resetting to be higher in the informal
sector than the formal sector. We therefore set the formal Calvo price-stickiness pa-
rameter to vary between 0.65 and 0.85, i.e., ! F 2 [0:65; 0:85], and that of the informal
Calvo price-stickiness parameter to vary between 0.15 and 0.35, ! I 2 [0:15; 0:35]. These
values imply that formal firms on average keep their prices unchanged for about 3 to 7
quarters and the informal firms on average keep their prices unchanged for about 1 to
2 quarters. Our chosen values are in line with Gabriel et al. (2011) who had a posterior
estimate of [0.57, 0.95] and [0.15, 0.43] for the formal and informal Calvo parameters re-
spectively using data for India. Mirfatah, Gabriel, and Levine (2020) also set the values
of 0.60 and 0.30 for the formal and informal Calvo parameters respectively. Having dif-
ferent Calvo-pricing parameter values for each sector is also consistent with the views of
Carvalho (2006), Barsky, House, and Kimball (2007), Nakamura and Steinsson (2010),
Carvalho and Nechio (2011) and Pasten, Schoenle, and Weber (2020) who emphasised
the importance of having different degrees of price stickiness across sectors in a multi-
sector New Keynesian model, as it is crucial for the dynamic properties of the model.
Intersectoral heterogeneity in price stickiness has a bearing on optimal monetary policy
(see Aoki (2001) and Eusepi, Hobijn, and Tambalotti (2011)). Importantly, explicitly
modelling heterogeneity in frequency of price adjustments generates significantly differ-
ent dynamics for aggregate variables compared with models that make the assumption
that firms adjust prices at an average frequency (Carvalho & Nechio, 2018). Most
of the DSGE literature, including Millard (2011), Castillo and Montoro (2012) and
Alberola and Urrutia (2020) calibrated the value for Taylor-rule coefficient for infla-
tion at 1.5. However, Galí, López-Salido, and Vallés (2004) and Mohanty and Klau
(2005) set the value at 2. Accordingly, we set the value of our Taylor-rule coefficient
for inflation to vary between 1.4 and 2, i.e., � � 2 [1:4; 2:0]. In the absence of specific
figures for Ghana and other SSA countries, we follow the standard DSGE literature
and set the values of the persistence of the aggregate demand, aggregate supply and
monetary policy shocks to vary between 0.6 and 0.9, i.e., � d; � s; � i 2 [0:60; 0:90]. This
range captures the values of Batini, Levine, and Lotti (2009), Batini, Levine, Lotti,
Yang, et al. (2011), Castillo and Montoro (2012) and Alberola and Urrutia (2020). We
also assume a 1 percent standard deviation of all shocks. Since we cannot solve our
model analytically, we employ numerical methods. We choose the range of some set of
parameters based on available information in the NK-DSGE literature, specifically for
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Ghana and/or SSA or long-term historical data on Ghana and other theoretical con-
siderations. However, because of the complexity of our model, we treat a small set of
parameters as “free parameters” that are free to take any values that ensures that the
model is solved without indeterminacy issues, bearing in mind the desired long-term
equilibrium ratios or steady state target ratios of the Ghanaian economy in table 1.2
below. We do this by conjecturing the a range for the “free parameters” and then solve
the model and check for indeterminacy and whether all the desired steady state targets
are met. We continue to adjust the ranges for each individual parameter in the set till
we reach a range outside of which the steady state targets are violated or there are
indeterminacies. In choosing the set of “free parameters”, we ensure that the set is as
small as possible and that they are parameters for which there is no available values
for Ghana or SSA and we cannot find typical values in the NK-DSGE and Search and
Matching literature. In our case, the set of “free parameters” consists of � F , � I , � F ,
� I and � . Table 1.1 is a summary of the parameter values used for the simulation of
the two models.
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Table 1.1: Summary of Parameter Values

Two-Sector Model One-Sector Model
Parameter Description Parameter Description Range (or Value) Source (Justi�cation)

� Discount factor � Discount factor 0.9823 To match the steady-state value of the short-term interest rate of 7.4%.

�
Parameter governing the
relative weight of disutility
of labour

�
Parameter governing the
relative weight of disutility
of labour

[0.20, 0.60]
Set to meet steady state target ratios in table 1.2 and avoid
indeterminacies in model solution. See subsection 1.7.1 for detailed
explanation.

'
Inverse of the Frisch
elasticity of labour supply

'
Inverse of the Frisch
elasticity of labour supply

[1.00, 3.54]
Range based on values used by Berg et al. (2010), Anand et al. (2015),
Boz et al. (2015) and Bi et al. (2016).



Inverse of the intertemporal
elasticity of substitution in
consumption



Inverse of the intertemporal
elasticity of substitution in
consumption

[1.00, 3.00]
Range based on values used by Ogaki, Ostry, and Reinhart (1996),
Ogaki and Park (1997), Peiris and Saxegaard (2007), Berg et al. (2012)
and Bi et al. (2016).

�
Elasticity of substitution
between formal and
informal goods

- - [0.50, 5.00]
Range based on values used by Gabriel et al. (2011), Ahmad et al. (2012),
Anand and Khera (2013),Khera (2016), Munkasci and Saxegaard (2017)
and Colombo et al. (2019).

b
Unemployment bene�t (or
value of home production)

b
Unemployment bene�t (or
value of home production)

[0.10, 0.30]
Set to meet steady state target ratios in table 1.2 and avoid
indeterminacies in model solution. See subsection 1.7.1 for detailed
explanation.

.

A Aggregate productivity A Aggregate productivity 1:99
Jointly calibrated to meet target steady-state formal to total output
ratio of 0.57 and formal to total employment ratio of 0.40.

zF Formal sector-speci�c
productivity

z
Parameter governing how
aggregate productivity is
e�ectively utilised

1.00
Jointly calibrated to meet target steady-state formal to total output
ratio of 0.57 and formal to total employment ratio of 0.40.

zI Formal sector-speci�c
productivity

- - (1/1.99)
Jointly calibrated to meet target steady-state formal to total output
ratio of 0.57 and formal to total employment ratio of 0.40.

� F Formal job separation
rate

� Job separation rate [0.02, 0.04]
Range based on the value of 0.03 used by Bosch and Maloney (2008)
and Shapiro (2015).

� I Informal job separation
rate

- - [0.05, 0.07]
Range based on the value of 0.06 used by Bosch and Maloney (2008)
and Shapiro (2015).

� F Formal worker
bargaining power

� Worker bargaining power [0.70, 0.80]
Range based on the recommendations of Satchi and Temple (2009)
and the value of Hornstein et al. (2005) and that of Docquier and
Iftikhar (2019) for SSA countries.

� I Informal worker
bargaining power

- - [0.40, 0.60]
Range based on the average value of 0.50 widely used in the
Search and Matching Literature.
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Table 1.1: Summary of Parameter Values

Two-Sector Model One-Sector Model

� F Formal sector labour
income tax rate

� Labour income tax 0.25 To match the average personal income tax rate in Ghana.

� I Informal sector labour
income tax rate

- - 0.00 The informal sector in Ghana is mostly untaxed.

� F Formal sector vacancy
posting cost

� Vacancy posting cost [0.20, 0.40]
Set to meet steady state target ratios in table 1.2 and avoid
indeterminacies in model solution. See subsection 1.7.1 for detailed
explanation.

.

� I Informal sector vacancy
posting cost

- - [0.05, 0.15]
Set to meet steady state target ratios in table 1.2 and avoid
indeterminacies in model solution. See subsection 1.7.1 for detailed
explanation.

! F
Calvo price-setting
parameter for formal
sector

!
Calvo price-setting
parameter

[0.65, 0.85]

Range set based on average value of 0.75 used for formal sector in
DSGE Literature including Gabriel et al. (2011). This value along
with the average value of 0.25 for the informal sector ensures the
economy-wide average is about the value 0.50 estimated by
Bu�e et al. (2018) for less-developed countries.*

! I
Calvo price-setting
parameter for informal
sector

- - [0.15, 0.35]

Consistent with the fact that price-setting is comparatively higher
in the informal sector as estimated by Gabriel et al. (2011). Range
set based on average value of 0.25 used for informal sector in the
DSGE Literature. Gabriel et al. (2011) had a posterior estimate of
[0.57, 0.95] for the formal sector and [0.15, 0.43] for the informal
sector.

� � Taylor-rule parameter � � Taylor-rule parameter [1.40, 2.00] Range derived from commonly used values in the DSGE Literature.

� s
Persistence of technology
shock

� s
Persistence of technology
shock

[0.6, 0.9] DSGE Literature including Batini et al. (2011).

� d
Persistence of demand
shock

� d
Persistence of demand
shock

[0.6, 0.9] DSGE Literature including Batini et al. (2011).

� i
Persistence of monetary
policy shock

� i
Persistence of monetary
policy shock

[0.6, 0.9] DSGE Literature including Batini et al. (2011).

� s
Standard deviation of
technology shock

� s
Standard deviation of
technology shock

0.01 DSGE Literature.

� d
Standard deviation of
demand shock

� d
Standard deviation of
demand shock

0.01 DSGE Literature.
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Table 1.1: Summary of Parameter Values

Two-Sector Model One-Sector Model

� i
Standard deviation of
monetary policy shock

� i
Standard deviation of
monetary policy shock

0.01 DSGE Literature.

* 0:75
�

Y F

Y

�
� 0:25

�
Y I

Y

�
� 0:5

Table 1.2: Summary of Steady-State Target Ratios

Steady-State Target Description Target Ratio
Ratio Achieved
(Two-Sector)

Ratio Achieved
(One-Sector)

Y F

Y Formal Sector output ratio 0.57 0.57 -
N F

N Formal Sector employment ratio 0.40 0.40 -
U Aggregate unemployment 0.125 0.125 0.125
G
Y Government consumption to output ratio 0.10 0.10 0.10
zF A
zI A Productivity Ratio 1.99 1.99 -
wF

w I Wage Ratio 1.55 1.55 -
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1.7.2 Simulation Results

Our approach to the simulations, following the Monte Carlo procedure of Pappa (2005)
is summarised formally as follows. Let ~� =

Q
i

~� i be a set of admissible param-
eter values in table 1.1 and each ~� i be an interval. We draw an n � 1 vector of
parameters ~� d

i ; i = 1 ; : : : ; n from each ~� i , and construct an impulse response function
h

�
m

�
~� d j s

��
for each draw d = 1 ; : : : ; D where m is the model (One Sector or Two

Sector), s is the shock (aggregate demand, aggregate technology or monetary policy
shock) and D is the total number of draws. We make 100 draws, so D = 100. We save
the impulse responses for each draw and order them increasingly. We then compute the
median, 32 and 68 percentiles of the saved simulated distribution of impulse response
functions, h

�
m

�
~� j s

��
. We present only the median of the distributions of the saved

draws of impulse responses to the shocks.

Impulse Response to Aggregate Demand Shock

Figure 1-1 displays the impulse response of aggregate output, aggregate employment,
aggregate unemployment, aggregate inflation, nominal and real interest rates of the
model without informality (thick red lines) and model with informality (thick blue
lines) to a one standard deviation positive aggregate demand shock

�
"D

t "
�
, modelled

as a preference shock. Figure 1-2 shows the response of all the other variables.

We first examine the dynamic response in the model without informality (thick red
lines), the One Sector model. A positive aggregate demand shock means an increase in
demand for retail goods. That is, an increase in aggregate consumption via the Euler
equation. Since, retail firms are monopolistically competitive, the prices of their goods
are higher than the marginal costs. Note that because of monopolistic competition,
aggregate demand determines output and therefore increases in demand has a direct ef-
fect on output. Hence, the increase in demand means they supply more output. So, the
monopolistically competitive retail firms partially accommodate the rise in demand by
raising output, owing to sticky prices. Note that an increase in aggregate consumption
does not necessarily imply an increase in aggregate output, but in our simulations and
increase in aggregate consumption is associated with an increase in aggregate output.
In order to produce more output, the retail firms demand more wholesale goods from
the wholesale firms. This means that wholesale firms have to increase their output and
therefore have to increase employment, which means that wholesale firms post more
vacancies. And since wages are greater than the reservation wage, workers are happy
to supply extra labour. This means that there is an increase in hires. The increase in
aggregate employment also means a decrease in aggregate unemployment and therefore
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a decrease in the number of aggregate job searchers. Labour market tightness rises,
as vacancies increase and the number of searchers falls. An increase in labour mar-
ket tightness means wages rise. Also, a rise in labour market tightness means the job
finding rate increases and the vacancy filling rate decreases, implying an increase in
hiring costs. The marginal costs of wholesale firms also increases because wages and
hiring costs increase. The rise in the marginal cost of wholesale firms means the prices
of wholesale goods also rises, implying that the marginal cost of retail firms also rises.
This means that the price of retail goods also increase, causing an increase in aggregate
inflation. The central bank responds to the increase in aggregate inflation by increasing
nominal interest rate. The response of the central bank causes real interest rate to rise.

We now analyse the dynamic response in the model with informality (thick blue
lines); the Two Sector model. As seen in figures 1-1 and 1-2, a one standard deviation
positive aggregate demand shock causes a rise in causes a rise in aggregate output.
As demand for formal and informal retail goods rises, the relative price of formal
and informal wholesale goods rise, increasing the profit of wholesale firms and the
value of a match. The formal and informal wholesale firms respond to the increase in
the match value by posting more vacancies and increase employment to supply more
output to meet the increased demand. The rise in vacancies is more in the informal
sector than in the formal sector, i.e. v̂F

t < v̂I
t . There are a few possible reasons for

this mainly emanating from some calibrating parameter values. First, an important
determinant of the way firms adjust their demand for labour and therefore the number
of vacancies they open is the amount of surplus they can extract from establishing a new
employment relationship. We recall that the workers’ bargaining power in the informal
sector is much less than in the formal sector, i.e. � I 2 [0:40; 0:60] < � F 2 [0:70; 0:80].
Hence, when a shock hits both sectors, the marginal benefit (surplus) of the informal
sector wholesale firm from a new employment relationship increases more compared to
that of the formal sector wholesale firm due to the fact that the former has a larger
share of the joint surplus emanating from a job match, giving them a greater incentive
to open more vacancies. Owing to our assumption that � I < � F , we expect larger
movements in employment in the informal sector relative to the formal sector, all other
things being equal. Second, the unit cost of opening vacancies is also much less in the
informal sector, i.e. � I 2 [0:05; 0:15] < � F 2 [0:20; 0:40], making it less costly for the
informal sector wholesale firms to open more vacancies when the shock hits. From the
Jackman-Roper condition, the deviation of sectoral labour market tightness from their
respective steady-states are equalised. Since, we have (v̂F

t < v̂I
t ), it means that for the

arbitrage condition to hold, the deviation of informal searchers from their steady-state
value must be more than the deviation of formal searchers from the steady-state value
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(i.e. ŝF
t < ŝI

t ). The only way this can happen is for households to reallocate workers
from the formal to informal sector. Hence, formal labour force falls and informal
labour force rises (L F

t #; L I
t " ) on impact. The number of formal job searchers falls

(sF
t #) and number of informal job searchers rise (sI

t " ) on impact and and the net
effect is that the number of aggregate job searchers remains practically unchanged on
impact. The number of informal searchers begin begins to fall immediately after the
initial rise on impact, undershooting its steady state around the second quarter, as
households continue to reallocate their workers towards its steady state. The result is
that the aggregate number of job searchers falls over the lifetime of the shock. The
response of sectoral number of job searchers alongside the response of sectoral number
of vacancies mean that we have both formal and informal labour market tightness rising
(�̂ F

t " = �̂ I
t " ) on impact. They continue rising to a peak in the third quarter, and start

falling gradually till steady-state around quarter 12. It follows from the initial response
of formal and informal labour market tightness that formal and informal job finding
rates rise and formal and informal vacancy filling rates fall on impact of the shock. The
rise in formal and informal job finding rates for searchers mean that formal and informal
unemployment fall. Thus, aggregate unemployment falls. Formal and informal hiring
costs contemporaneously decline, although there is a fall in vacancy filling rates in both
sectors. This is possibly due to an expectation that the vacancy filling rates would fall
even further in the next period, implying that the expected future cost savings from
hiring in the current period is much larger, considerably driving down the hiring costs
when the shock hits. Sectoral hiring costs, however, quickly rise overshooting their
respective steady states in the next quarter after the shock. Overall, hiring costs in
both sectors rise over the lifetime of the shock. The decline in hiring costs in both
sectors drives down the formal and informal marginal costs on impact. The response of
real wage in each sector to the shock is a priori ambiguous, as it depends on the relative
response of the MRS, marginal product of labour in the sector, the price mark-up and
labour market condition in the sector. The latter is represented by the sectoral market
tightness. That is, whether or not the real wage in a sector would go up or down depends
on the general equilibrium effects of the shock on these elements. The net effect of these
elements in the sectors means that formal real wage falls while informal real wage rises
marginally on impact in response to the shock, leading to a contemporaneous negative
response of average wage. The formal real wage, however, starts rising immediately
leading average wage to overshoot its steady state by the second quarter and then
begins falling gradually towards steady state after reaching a peak in the third quarter.
Overall, average real wage increases in response to the shock. It can be seen that while
the marginal cost in both sectors and therefore average marginal cost fall on impact
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of the shock, inflation in both sectors and therefore aggregate inflation rises. Note
that here, as in any New Keynesian model, current inflation is dependent on expected
future path of inflation and a measure of the real marginal cost firms consider when
setting prices. In a model with heterogeneity in price stickiness across sectors, the
response of the sector which has relatively more flexible prices (the informal sector in
our case) dominates the earlier stages of the dynamics, while the sector with relatively
stickier prices (the formal sector in our case) drives most of the subsequent dynamics
as the shock propagates through the economy over time (Carvalho, 2006). So, while
the average marginal cost falls on impact, there is the expectation that aggregate prices
will rise even further in the next period when the formal sector (i.e. , the relatively
stickier sector) dominates the dynamics. That is, the rise in expected future inflation is
very strong and dominates the downward pressure on current inflation from the fall in
average marginal costs. In an economy with heterogeneous price stickiness, the sectors
with relatively stickier prices tend to have a more disproportionate impact on the level
of aggregate prices compared to the sectors that have relatively more flexible prices
(Carvalho, 2006).

Comparing the responses in figure 1-1 and table 1.3, it can be seen that aggregate
output and aggregate unemployment are substantially less responsive in the model with
informality over the lifetime of the aggregate demand shock. The responses of aggregate
output and aggregate unemployment are substantially larger in the One Sector model
compared to the Two Sector model, as evidenced by their cumulative responses in
table 1.3. The cumulative responses of aggregate output, CRŷ =

P H
h=0 ŷt+ h in the One

Sector and the Two Sector models are 3.87 and 2.46 respectively and the cumulative
responses of aggregate unemployment, CRû =

P H
h=0 ût+ h in the One Sector and the

Two Sector models are -27.07 and -19.38 respectively, where H = 20 is the horizon
(quarters) we consider and beyond which the cumulative responses remain reasonably
invariant. Note that each labour market in the Two Sector model is smaller in size
than the One Sector model, and therefore the stock of job searchers in each sector of
the Two-Sector model is disproportionately smaller than the stock of job searchers in
the One Sector model. Further, the number of vacancies posted by wholesale firms in
each sector of the Two Sector model is moderated by the Jackman-Roper condition
which requires that the weighted labour market tightness of the sectors are equalised.
That is, a job creating wholesale firm in one sector of the Two Sector model who is
interested in securing a successful match would have to take into consideration the job
creation decision of the wholesale firm in the other sector, as that impacts the number
of searchers that the household allocates to search for job in their sector. Thus, the
existence of the Jackman-Roper condition exerts a moderating impact on the number
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of vacancies that the wholesale firms in each sector of the Two Sector model opens
when there is a shock. Consequently, the aggregate number of vacancies in the One
Sector model is disproportionately more than the aggregate number of vacancies in
the Two Sector model. And since they post disproportionately more vacancies, the
number of searchers also falls more in the One-Sector model. Consequently, the labour
market is tighter in the One Sector model than in the Two-Sector model and therefore
aggregate unemployment falls more in the One Sector model. The relatively higher
number of aggregate vacancies in the One Sector model along with the greater fall in
aggregate job searchers means that there is a higher number of matches in the One
Sector model compared to the Two Sector model, leading to more hires and more
aggregate employment. Consequently, aggregate output is much more in the One-
Sector model, implying that aggregate output and aggregate unemployment are less
responsive in the Two Sector model. Thus, the presence of the informal sector dampens
the response of aggregate output and aggregate unemployment. When it comes to the
response of aggregate inflation, it is important to look at the responses of sectoral
inflation rates in the Two Sector model. As stated earlier, following the shock, inflation
in both sectors increase, but there is substantial heterogeneity in the magnitude and
dynamics of the sectoral responses. This can be partly explained by the heterogeneity
in price rigidity across the sectors. Özmen and Tuğan (2022) have shown that there is
a high correlation between sectoral price response and the frequency of price changes
across sectors, as firms in each sector are able to adjust prices in response to a shock
only after receiving a signal to do so. From equation 1.6.1.2, we can see that the
frequency of price changes in sector i , defined by ! i , determines the responsiveness of
sectoral inflation to sectoral real marginal costs through �� i , the slope of the sectoral
NKPC. It can be seen that @

�
@�it

@cmc i t

�
=@!i < 0. Also, if we solve equation 1.6.1.2

forward (and impose that inflation does not explode), we can see that current inflation
is a function is a present discounted value of current and future marginal costs in the
sector, i.e. , � i

t = �� i P 1
k=0 � kEt

dmci
t+ k and therefore, the price setting firm has to

form expectations about the evolution of it marginal costs in setting their prices. So,
the higher the price rigidity (i.e., higher ! i ), the lower �� i and the opportunities to
adjust prices arrive less frequently and the elasticity of the chosen price dPt

� i to dmci
t is

higher. The firm therefore attaches less weight on the current real marginal cost (and
more weight on expected future real marginal costs) when chosen to reset its price.
However, since in the aggregate fewer firms and therefore prices are adjust prices each
period, aggregate inflation is unlikely to be much sensitive to the marginal cost. In our
calibration in table 1.1, the informal sector is relatively more flexible than the formal
sector, i.e., ! I 2 [0:15; 0:35] < ! F 2 [0:65; 0:85], and the price rigidity in the One Sector
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model is calibrated to match the formal sector, i.e., ! 2 [0:65; 0:85]. Hence, the implied
average price rigidity in the Two Sector model is less than the One Sector model due to
the presence of informality. This means that in the aggregate, fewer prices are changed
in the One Sector model compared to the Two Sector model. Since, the fraction of
firms that receive the signal to change prices is larger in the relatively more flexible
sector (i.e., the informal sector) than the relatively stickier sector (the formal sector),
in the early periods after the shock, the response of prices in the informal sector would
be more pronounced. This is consistent with what L. J. Christiano, Eichenbaum, and
Evans (2005) describes as the front-loading behaviour of firms, which leads to price-
setting firms in the relatively price-stickier sectors having more muted price responses
in the initial periods of a shock than the more price-flexible sectors. There is therefore
a stronger aggregate inflation response in the Two Sector model compared to One
Sector model, primarily driven by the stronger price response by the relatively more
flexible informal sector in the Two Sector model, following the shock. Consequently, the
presence of the informal sector amplifies the response of aggregate inflation. Informality
makes inflation close to twice as responsive, as the cumulative responses of aggregate
inflation, CR� =

P H
h=0 �̂ t+ h in the One Sector and the Two Sector model are 6.58 and

11.85 respectively.

Our finding that the presence of informality in the labour market dampens the response
of aggregate output and aggregate unemployment/employment, but amplifies the re-
sponse of aggregate inflation when there is an aggregate demand shock is completely
at odds with the findings of Castillo and Montoro (2012) and Alberola and Urrutia
(2020). Castillo and Montoro (2012) find that total employment rises more, driven by
firms meeting a high proportion of the increased labour demand using informal em-
ployment due to its relatively lower hiring costs. This therefore allows firms to expand
output at lower marginal costs by employing more informal labour contracts, thereby
dampening the inflationary pressures generated by the effects of the demand shock on
wages and marginal costs. Alberola and Urrutia (2020) also find a relatively larger rise
in total employment and total output in the presence of informality, driven mainly by
swift expansion of informal employment due to the absence of frictions in the infor-
mal labour market. As informal employment is characterised by relatively lower wages
compares to formal employment, there is a smaller rise in average wages, culminating
in a relatively smaller rise in aggregate inflation when there is informality. It is impor-
tant to state note that this is possible in the case of Castillo and Montoro (2012) and
Alberola and Urrutia (2020) because they model only one type of wholesale firm which
employs formal and informal technologies in some proportions and can therefore meet
the increased demand by creating more informal jobs at relatively lower hiring costs
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and wages. This is not the case with our model, as we allow for formal and informal
wholesale firms that exclusively employ formal and informal technologies respectively.
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Figure 1-1: Simulated Impulse Responses to an Aggregate Demand Shock for the Model without Informality and Model with
Informality.
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Figure 1-2: Simulated Impulse Responses to an Aggregate Demand Shock for the Model without Informality and Model with
Informality.
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Impulse Responses to Aggregate Supply (Technology) Shocks

Figure 1-3 displays the impulse response of aggregate output, aggregate employment,
aggregate unemployment, aggregate inflation, nominal and real interest rates of the
model without informality (thick red lines) and model with informality (thick blue
lines) to a one standard deviation positive aggregate supply (technology) shock. Figure
1-4 shows the response of all the other variables.

We first take a look at the dynamic response in the model without Informality (thick
red lines), the One Sector model. A positive aggregate productivity shock (A t " )
lowers the marginal cost of production for the wholesale firm, 25 as labour becomes
more productive (i.e. , the marginal product of labour rises). The lower marginal
costs incentivises price-setting retail firms to cut their prices, although the presence
of nominal rigidities and price-setting means that they are unable to decrease their
prices more than they otherwise would. Hence, there is a fall in aggregate price level.
However, there is an undesired rise in the relative price of the goods of the non-price-
adjusting retail firms because they are unable to cut prices, resulting in them having
a lesser increase in demand relative to what would have been the case if all prices
were flexible. Thus, output rises in response to technology shock, but not as much
as it would do if prices were flexible. Thus, there is a negative output gap. The
decline in aggregate price means there is deflation. The policymakers at the central
bank, motivated by the desire to respond to the deflation and to have output rise by
the amount of the technology shock, engineer a fall in real interest rate by reducing
the nominal interest rate. The response of consumption is driven by the consumption
Euler equation. The fall in real interest rate leads to a rise in current consumption,
precisely what the policymaker intends. Also, since wholesale firms have become more
productive due to the rise in the marginal product of labour, a fall in marginal costs
along with a sluggish adjustment of aggregate demand in response to the productivity
shock because of sticky prices (negative output gap), 26 they reduce their demand for
labour and post fewer vacancies. The decrease in the demand for labour leads to a
fall in employment. The decline in employment in response to a positive technology
shock can be intuitively explained by the fact that after the shock, firms are now able
to satisfy current levels of demand with a lower level of labour input owing to the
relatively higher productivity, causing employment to fall on impact. This is similar to
the results in the NK-DSGE models of Dib, Phaneuf, et al. (2001) and Vigfusson (2002)
and the structural VAR of Gali (1999). Unemployment therefore rises and the number

25 The higher the price frictions, the greater the fall in the marginal costs, which are relative prices.
26 Aggregate demand does not rise by a similar proportion as the rise in productivity owing to sticky

prices. And since �rms are more productive, they can initially meet demand by reducing employment.
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of job searchers raises too. Thus, the reduction in posted vacancies along with a rise in
job-searchers results in decrease in labour market tightness. Since, the job finding rate
(vacancy filling rate) faced by job searchers (wholesale firms) increases (decreases) in
labour market tightness, job finding rate falls and vacancy filling rate rises. The rise
in the vacancy filling rate alongside a constant unit vacancy posting cost27 means from
equations 1.4.0.13 and 1.4.0.18, the marginal surplus to the wholesale firm of hiring
an additional worker falls. Consequently, hiring falls. For our calibration, the worker
has a stronger bargaining power ( � 2 [0:70; 0:80]). Hence, the dynamic response of
the real wage depends mostly on the net effect of the changes in the marginal product
of labour, the price mark-up and the labour market tightness. The positive aggregate
productivity shock produces two contradictory effects on real wages; a direct positive
effect through an increase in A t , which means that all things being equal, real wage
rises; and an indirect effect through the price mark-up, which means that all things
being equal, real wage falls. The fall in labour market tightness also means all things
being equal, real wages fall. It can also be seen from equation 1.4.0.21 that an increase
in the MRS leads to a rise in real wage. Note that the MRS is increasing in the
level of consumption. That is, as the economy expands and consumption increases,
workers value leisure more and therefore at the same level of real wage, they reduce
their labour supply. In turn, the lower labour supply puts an upward pressure on real
wage, culminating in a rise in the marginal cost of firms (see equation 1.4.0.16). Our
parameter choices in our model leads to a rise in the MRS in response to a positive
aggregate technology shock, which implies that real wage should rise, as it is increasing
in MRS. Figure 1-4 shows that the net effect of the response of the MRS, marginal
product of labour, price mark-up and the labour market tightness in our model means
that real wage falls in response to the shock.

Now, we consider the dynamic response in the model with informality (thick blue
lines); the two-sector model. As expected, a positive aggregate technology shock
increases the marginal product of labour in both sectors, with the direct effect of
reducing sectoral marginal costs, leading to a fall in aggregate price levels, as price-
setting retail firms in both sectors cut prices. Thus, sectoral and therefore aggregate
inflation falls, leading the central bank to decrease nominal interest rate. Also, for a
given sectoral price level, the higher marginal productivity means formal and informal
wholesale firms can satisfy their existing demand with less labour input. They therefore

27 The standard assumption of exogenous �xed that are external to the �rm and expressed in units
of the �nal goods means that the changes in relative prices does not a�ect the vacancy costs. This is at
odds with empirical studies that indicate the most of recruitment costs, i.e. friction costs are internal
to the �rm and therefore involve disruptions in production.
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reduce their labour demand and post fewer vacancies. For the same reasons explained
in the case of the aggregate demand shock, here, we also expect larger movements in
employment and vacancies in the informal sector compared to the formal sector when
the shock hits. Recall that the optimality condition for labour force reallocation by
households (the Jackman-Roper condition) requires that we have �̂ F

t = v̂F
t � ŝF

t =

v̂I
t � ŝI

t = �̂ I
t . As v̂F

t > v̂I
t , to ensure that the arbitrage condition is not violated

after the shock, we must have ŝF
t > ŝI

t . Thus, the household reallocates workers from
the informal to the formal sector (L F

t " ; L I
t #). The number of formal job searchers

rises immediately (sF
t " ) on impact and then continues a gradual rise till its peak in

the fourth quarter, after which it slowly falls towards its steady state. The number
of informal job searchers on the other hand falls (sI

t #) on impact, but immediately
thereafter starts rising, overshooting the steady state a period after the shock. It
continues rising till its peak in quarter 4, after which it starts falling steadily towards
its steady state. Consequently, aggregate number of job searchers is unchanged on
impact, but begins to rise in the next quarter, reaching a peak in the fifth quarter before
gradually falling towards its steady state. The implication is that sectoral and therefore
aggregate employment and vacancies fall and sectoral and aggregate unemployment rise
on impact of the shock, with the movements more pronounced in the informal sector
than the formal sector. The combined effect of increased sectoral marginal labour
productivity and decreased sectoral employment means a rise in sectoral and therefore
aggregate output in response to the shock. The increase in output is more pronounced
in the formal sector, possibly due to the fact that the rise in aggregate productivity
has a greater impact on formal sector productivity (i.e., zF A "

t > z I A "
t ) due to a more

effective utilisation of aggregate technology by the formal sector in the production
process (i.e., zF > z I ). The responses of sectoral vacancies and sectoral number of job
searchers, means that formal and informal labour market tightness falls (�̂ F

t #= �̂ I
t #)

on impact, and continues the downward trajectory till its trough in the second quarter
after the shock. They then steadily rise towards their respective steady states. The
fall in sectoral labour market tightness means a fall sectoral job finding rates and a
rise in sectoral vacancy filling rates. Although vacancy filling rates in both sectors
rise on impact, hiring costs in both sectors rise instantaneously in response to the
shock. Looking at equation 1.3.3.10, it can be seen that this is possible if there is a
greater fall in the cost savings of not hiring a new worker in period t + 1 . A possible
explanation is the expectation that labour market tightness in both sectors would fall
further in period t + 1 because wholesale firms would post fewer vacancies in period
t + 1 when the newly-hired workers become productive (see the sectoral labour market
tightness, equation 1.3.1.1). Formal and informal hiring costs, however, fall sharply a
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period after the shock, undershooting their respective steady states till they reach a
trough in quarter 3, after which they rise steadily towards their steady states. Overall,
sectoral hiring costs fall over the lifetime of the shock. Given our calibration in table
1.1, the net effects of the responses of sectoral marginal productivity, sectoral price
mark up and sectoral labour market tightness leads to an initial rise in real wages in
both sectors, with a greater rise in formal sector wage, possibly owing to the fact that
we have zF A "

t > z I A "
t in response to the shock. Sectoral and therefore average real

wages, however, quickly fall after the immediate rise, undershooting their respective
steady states and reaching their troughs in quarter 3 in the case of the formal wage and
quarter 2 in the case of the informal wage, after which they steadily rise towards their
respective steady states. Overall, there is a cumulative decline in sectoral and average
real wages over the lifetime of the shock.

Overall, it can be seen from comparing the responses in the models that the presence
of the informal sector very marginally amplifies aggregate technology shocks, making
aggregate output marginally more responsive to the shock. The cumulative responses
of aggregate output, CRŷ =

P H
h=0 ŷt+ h in the One Sector and the Two Sector models

are 2.87 and 3.01, respectively. This is despite the fact that the impact of the positive
aggregate technology shock on average productivity is stronger in the One Sector model
than in the Two Sector model, due to the presence of informal sector wholesale firms
who are relatively less effective in utilising aggregate technology in the Two Sector
model. It can be observed from figure 1-3 that the fall (rise) in aggregate employment
(unemployment) is deeper in the One Sector model in response to the shock, implying
that informality dampens the impact of aggregate technology shocks on aggregate un-
employment. The cumulative responses of aggregate unemployment, CRû =

P H
h=0 ût+ h

in the One Sector and the Two Sector models are 5.26 and 4.95, respectively. Again, the
intuition here follows directly from our reasoning in the case of the aggregate demand
shock. As argued earlier, the stock of job searchers in each sector of the Two Sector
model is significantly smaller than the stock of job searchers in the One Sector model.
The arbitrage condition (Jackman-Roper condition) in the Two Sector model exerts a
moderating impact on the number of vacancies wholesale firms in the Two Sector mod-
els post when there is a shock. Hence, wholesale firms in one sector of the Two Sector
model, if they are interested in securing a match, have to consider the job creation
decision of the wholesale firms in the other sector in determining the extent to which
they can reduce the number of vacancies they post in response to the rise in marginal
productivity. This is because that decision impacts the number of searchers households
would allocate to search for job in their sector as opposed to the other sector, directly
affecting their ability to have a successful match. Consequently, the level of decline
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in aggregate vacancies in the Two Sector model is less than in the One Sector model,
where wholesale firms do not have to worry about the response of another sector. Ac-
cordingly, the fall in average labour market tightness in the One Sector model is deeper
than in the Two Sector model. Thus, the labour market is tighter in the Two Sector
model in response to the shock and therefore aggregate employment (unemployment)
falls (rises) by less in the Two Sector model compared to the One Sector shock when
there is a positive shock to aggregate technology. Thus, informality makes aggregate
unemployment less responsive to an aggregate technology shock. The greater fall in
aggregate employment in the One Sector model though, is largely compensated for by
the relatively higher effect of the shock to aggregate marginal productivity in the One
Sector model, due to the absence of the less productive informal sector. This explains
the marginal, rather than significant rise in aggregate output in the Two Sector model
compared to the One Sector model in response to the shock. With regards to the
response of aggregate inflation, it can be seen that, as in the case of the aggregate
demand shock, the presence of the informal sector amplifies the response of aggregate
inflation to an aggregate technology shock. The response is more than doubled due to
the the presence of informality as is evidenced in table 1.3, which shows that the cu-
mulative responses of aggregate inflation, CR� =

P H
h=0 �̂ t+ h in the One Sector and the

Two Sector model are -1.38 and -3.10, respectively. The explanation is the same as for
the aggregate demand shock. Since, fewer prices are changed in the One Sector model
compared to the Two Sector model, more retail firms adjust their prices downwards in
response to the the fall in marginal costs occasioned by the higher marginal productiv-
ities emanating from the favourable aggregate productivity shock. This, coupled with
the fact that the presence of the relatively more price-flexible informal sector in the
Two Sector model means the model is characterised by front-loading behaviour of the
informal retail firms that drive a stronger response of aggregate inflation in the earlier
periods of the shock compared to the One Sector model.

Our finding that informality amplifies the response of aggregate output and the de-
flationary impact of of aggregate technology shock is consistent with the finding of
Castillo and Montoro (2012), although the mechanism at play in their model is differ-
ent because of their different modelling approach. In their model, the ability of firms to
hire informal workers provides more flexibility in the labour market, which reduces the
impact of hiring activities of firms on the formal labour market tightness. This allows
firms to expand output at a relatively lower marginal costs. Hence, there is a greater
increase in output and greater decrease in inflation in an economy with informality.
Alberola and Urrutia (2020) make the same finding, as the more flexible and therefore
more elastic labour market means that informal employment experiences more contrac-
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tion in response to the shock, resulting in a lesser decline in average wage compared to
the model without informality. So that, the increase in unit labour costs is greater in
the presence of an informal sector. Consequently, informality amplifies the impact of
aggregate technology shocks.
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Figure 1-3: Simulated Impulse Responses to an Aggregate Supply (Technology) Shock for the Model without Informality and
Model with Informality.
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Figure 1-4: Simulated Impulse Responses to an Aggregate Supply (Technology) Shock for the Model without Informality and
Model with Informality.
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Impulse Responses to Monetary Policy Shocks

Figure 1-5 displays the impulse response of aggregate output, aggregate employment,
aggregate unemployment, aggregate inflation, nominal and real interest rates of the
model without informality (thick red lines) and model with informality (thick blue
lines) to a one standard deviation positive monetary policy shock. Figure 1-6 shows
the response of all the other variables.

We first take a look at the dynamic response in the model without informality (thick
red lines), the One Sector model. In general, how a shock to monetary policy impacts
consumption and consequently output in a New Keynesian framework is through the
real interest rate channel. In that respect, a contractionary monetary policy increases
the nominal interest rate. And since prices are sticky, the ex-ante real interest rate
increases, which exerts a downward pressure on aggregate demand, as households find it
optimal to substitute current consumption for expected future consumption. A decline
in aggregate output and employment follows as firms that are unable to adjust their
prices reduce production. Thus, average prices fall and there is a negative output gap as
the flexible price (natural) level of output is unaffected by the monetary policy shock. A
reduction in current consumption means households are willing to supply more labour,
thereby driving down wages and marginal costs. This culminates in a fall in inflation,
as firms reduce their prices. Thus, a contractionary monetary policy results in higher
nominal and real interest rates, lower output and deflation. However, the response of
equilibrium nominal interest rate has two competing effects: a direct effect of " i

t which
is positive and an indirect negative effect driven by a fall in equilibrium inflation rate.
Hence, the overall effect of the positive innovation to monetary policy on the nominal
interest rate depends on the relative strength of these two competing effects. It is
also noteworthy that the nominal interest rate will fall if the persistence of the policy
shock, � i is sufficiently high. Also, the response of equilibrium ex-ante real interest
rate is driven by the above two effects as well as an expected inflation effect, which
is positive. For our parameter calibration, the fall in aggregate output and aggregate
inflation in response to a contractionary monetary policy shock is associated with a
fall in nominal interest rate and ex-ante real interest rate, as the downward adjustment
induced by the fall in inflation outweighs the direct upward adjustment induced by the
shock. Since, the demand for wholesale goods fall, wholesale firms post less vacancies
and since households are willing to supply more labour, the number of job searchers
rises. Consequently, labour market tightness falls. Thus, job finding rate falls and
vacancy filling rate rises. The fall in labour market tightness puts downward pressure
on real wages and consequently, real marginal costs. Aggregate unemployment also
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rises, as employment falls.

We now turn to the model with informality (thick blue lines). As expected, the
fall in aggregate output and aggregate inflation in response to an exogenous positive
innovation in monetary policy are accompanied by a fall in the nominal interest rate,
given our parameter calibration. However, the real interest rate rises marginally on
impact, implying that unlike in the model without informality, here the direct positive
effect of " i

t along with the positive effect of expected inflation dominate the indirect
negative effect of a fall in equilibrium inflation. At the sectoral level, formal and
informal output decrease immediately on impact and continue falling till a trough in
the fifth quarter where they start rising gradually towards their respective steady-states.
Formal and informal inflation also fall on impact, reaching a trough in the next quarter
and then gradually rise till they reach their respective steady states. As expected,
the decline in inflation is considerably more pronounced in the informal sector, as
relatively more firms change their prices, resulting relatively larger movement in the
price level of the sector. The decline in sectoral and therefore aggregate output are
associated with a fall in sectoral and aggregate employment and vacancies. For the
same reasons explained earlier with the aggregate demand shock, we expect the fall
in sectoral employment and vacancies to be deeper in the informal sector compared
to the formal sector in response to the monetary policy shock. We therefore have
(v̂F

t > v̂I
t ). Hence, for the the arbitrage condition (�̂ F

t = �̂ I
t ) to hold, we must have

ŝF
t > ŝI

t . This means the household reallocates workers from the informal to the formal
sector (L F

t " ; L I
t #). The number of formal job searchers rises immediately (sF

t " ) on
impact and continues to rise till it peak in the sixth quarter after which there is a
gradual decline towards steady state. The number of informal job searchers on the
other hand falls (sI

t #) on impact and then begins to rise overshooting its steady-state
in the third quarter and continues to rise till its peak in quarter 6, after which it
gradually declines toward steady state. The consequence is that there is a delayed rise
in aggregate number of job searchers, till a peak in quarter 6, followed by a steady
decline towards steady state. The initial fall in the number of new hires in the formal
sector is deeper than the rise in the number of formal sector job searchers, leading to
an increase in formal unemployment on impact. Similarly, the initial fall in the number
of new hires in the informal sector is deeper than the fall in the number of informal
job searchers, resulting in an increase in informal unemployment when the shot hits.
As expected, the rise in unemployment is more in the informal sector compared to
the formal sector. Consequently, aggregate unemployment increases on impact and
continues to rise till its peak five quarters after the shock and then slowly declines
towards its steady state. The response of sectoral number of job searchers alongside
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the response of sectoral vacancies mean that labour market tightness in both sectors
fall on impact, i.e. �̂ F

t #= �̂ I
t #. They continue to fall, reaching a trough after three

quarters and then take a gradual upward trajectory towards their respective steady
states. It therefore follows that formal and informal job finding rates fall and formal
and informal vacancy filling rates rise on impact of the shock. The sectoral job finding
rates (vacancy filling rates) continue to fall (rise), reaching a trough (peak) in quarter 3
before gradually rising (falling) towards steady state. The response of sectoral vacancy
filling rates and real interest rates mean that formal and informal hiring costs increase
greatly on impact (i.e. , a one percent standard deviation monetary policy shock
causes about 24 and 20 percent rise in formal and informal hiring costs respectively
on impact). They then fall drastically and undershoot their steady states in the next
quarter, reaching a trough in the fourth quarter and then gradually rises towards their
respective steady states. Overall, hiring costs in both sectors fall in response to the
shock over its lifetime. The strong response of sectoral hiring costs drives formal and
informal and therefore average marginal costs which rise sharply on impact and follow
the same path as hiring costs. Overall, marginal costs fall over the lifetime of the
shock, as is evident from table 1.3. As with the aggregate demand shocks, here too we
observe that marginal costs and inflation move in opposite directions when the shock
hits; marginal costs rise, while inflation falls on impact. This means that the fall in
expected future inflation is very strong and dominates the upward pressure on current
inflation from the rise in average marginal costs. Overall though, sectoral marginal
costs and inflation both fall cumulatively over the lifetime of the shock. The net effects
of the shock on the MRS, the marginal product of labour, the price mark up and the
labour market tightness in both sectors mean that the formal real wage rises, while
the informal real wage falls marginally on impact. This results in a contemporaneous
positive response of average real wage. Formal real wage, however, falls in the next
quarter, undershooting its steady state while informal real wage continuous to fall. The
result is that average real wage to undershoot its steady state, reaching a trough in the
fourth quarter. It then gradually rises towards its steady state. Again, overall sectoral
and average real wages fall over the lifetime of the shock.

Comparing the responses in figure 1-5 and table 1.3 reveals that the aggregate out-
put and aggregate unemployment are substantially less responsive in the model with
informality over the lifetime of the monetary policy shock. The cumulative responses
of aggregate output, CRŷ =

P H
h=0 ŷt+ h in the One Sector and the Two Sector models

are -2.11 and -1.36 respectively and the cumulative responses of aggregate unemploy-
ment, CRû =

P H
h=0 ût+ h in the One Sector and the Two Sector models are 14.79 and

9.90 respectively. The reasoning again follows intuitively from our explanations with
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respect to the aggregate demand and aggregate supply shocks. The positive monetary
policy shock generates a deeper fall in the average labour market tightness in the One
Sector model compared to the Two Sector model, driven by two forces. First, the stock
of job searchers in each of the two sectors of the Two Sector model is significantly
smaller than the stock of job searchers in the One Sector model. Second, the fall in
aggregate vacancies posted by wholesale firms is response to the shock is deeper in the
One Sector model compared to the Two Sector model. The arbitrage condition (the
Jackman-Roper condition) in the Two Sector model necessitates that wholesale firms
in one sector of the Two Sector model, motivated by the desire for successful matches,
have to consider the job creation decision of the wholesale firms in the other sector in
determining the degree to which they can reduce the number of vacancies they post in
response to the positive monetary policy shock. This is crucial because that decision
impacts the number of job searchers that the households allocate to search for a job
in their sector as opposed to the other sector, thereby affecting their ability to have a
successful match. Thus, the Jackman-Roper condition exerts a moderating impact on
the aggregate number of vacancies posted in the Two Sector model, a phenomenon not
present in the One Sector model. Consequently, the average labour market is tighter
in the Two Sector model compared to the One Sector model in response to the shock,
leading to a lesser fall (rise) in aggregate employment (unemployment) in the Two Sec-
tor model compared to the One Sector model. Consequently, aggregate output falls by
less in the Two Sector model compared to the One Sector model. Thus, informality
dampens the responses of aggregate output and aggregate unemployment to a positive
monetary shock. Figure 1-5 and table 1.3 also reveals that the response of aggregate
inflation is more in the model with informality, as the cumulative responses of aggregate
inflation, CR� =

P H
h=0 �̂ t+ h in the One Sector and the Two Sector model are -3.90 and

-6.52 respectively. Again, our explanation follows directly from our reasoning in the
case of the aggregate demand and the aggregate technology shocks. The differences in
the dynamics of aggregate inflation in the two models are driven by the heterogene-
ity in sectoral price rigidities in the Two Sector model, as opposed to the One Sector
model. Bouakez, Cardia, and Ruge-Murcia (2014) provides empirical evidence that
heterogeneity in price stickiness is the primary driver of the heterogeneous responses
of sectoral inflation to monetary policy shocks, owing to the fact that the flexible-price
sectors tend to change prices more than the sticky-price sectors. The presence of a
relatively more price-flexible informal sector in the Two Sector model means that in
the aggregate, more firms change their prices in the Two Sector model compared with
the One Sector model, implying larger movements in aggregate price levels in the Two
Sector model. This means that aggregate prices fall more in the Two Sector model
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than observed in the One Sector model when there is a positive monetary policy shock.
Thus, the presence of an informal sector amplifies the response of aggregate inflation
to a positive monetary disturbance, primarily driven by the strong price response by
relatively more price-flexible informal retail goods producers.
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Figure 1-5: Simulated Impulse Responses to a Monetary Policy Shock for the Model without Informality and Model with
Informality.
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Figure 1-6: Simulated Impulse Responses to a Monetary Policy Shock for the Model without Informality and Model with
Informality.
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Table 1.3: Comparison of Impulse Responses of Model with Informality and Model without Informality to various Shocks

Agg. Demand

Shock
�
" D

t "
� Agg. Technology

Shock (A t " )

Monetary Policy

Shock
�
" i

t "
�

Cumulative E�ect (%)
With

Informality

No

Informality

With

Informality

No

Informality

With

Informality

No

Informality

Aggregate Output 2.460 3.868 3.012 2.872 -1.360 -2.113

Formal Output 2.234 - 3.093 - -1.219 -

Informal Output 2.767 - 2.940 - -1.526 -

Aggregate Consumption 1.720 3.609 3.471 2.954 -0.942 -1.985

Formal Consumption 1.686 - 3.419 - -0.922 -

Informal Consumption 1.757 - 3.534 - -0.968 -

Aggregate Employment 2.769 3.868 -0.708 -0.752 -1.414 -2.113

Formal Employment 2.234 - -0.628 - -1.219 -

Informal Employment 2.767 - -0.752 - -1.526 -

Formal Labour Force -2.136 - 0.567 - 1.187 -

Informal Labour Force 1.753 - -0.464 - -0.976 -

Informality Rate 0.184 - -0.023 - -0.113 -

Aggregate Unemployment -19.384 -27.074 4.953 5.263 9.896 14.788

Formal Unemployment -17.345 - 4.943 - 9.523 -

Informal Unemployment -20.211 - 4.446 - 11.192 -

Aggregate Job Searchers -12.726 -21.151 3.507 4.064 6.991 11.710

Formal Job Searchers -15.524 - 4.411 - 8.619 -

Informal Job Searchers -7.054 - 1.892 - 3.885 -

Aggregate Vacancies 24.365 20.180 -5.476 -3.444 -13.538 -10.683

Formal Vacancies 18.560 - -3.827 - -10.789 -

Informal Vacancies 26.099 - -5.832 - -14.318 -

Average LM Tightness 32.614 35.713 -6.991 -6.616 -18.030 -19.881

Formal LM Tightness 32.614 - -6.991 - -18.030 -

Informal LM Tightness 32.614 - -6.991 - -18.030 -
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Table 1.3 continued from previous page

Agg. Demand

Shock
�
" D

t "
� Agg. Technology

Shock (A t " )

Monetary Policy

Shock
�
" i

t "
�

Aggregate Hires 3.431 5.543 -0.706 -0.943 -1.970 -3.199

Formal Hires 3.641 - -0.605 - -2.093 -

Informal Hires 3.378 - -0.852 - -1.967 -

Average Wages 17.157 19.484 -1.915 -0.810 -8.888 -10.792

Formal Wages 17.451 - -2.692 - -9.169 -

Informal Wages 16.122 - -1.677 - �8.752 -

Average Marginal Costs 17.438 21.707 -6.613 -5.029 -9.189 -12.189

Formal Marginal Costs 18.020 - -7.305 - -9.133 -

Informal Marginal Costs 17.502 - -5.915 - -9.162 -

Aggregate In�ation 11.847 6.582 -3.102 -1.376 -6.524 -3.895

Formal In�ation 11.847 - -3.095 - -6.524 -

Informal In�ation 228.326 - -64.924 - -126.142 -

Nominal Interest Rate 18.233 10.940 -4.133 -2.361 -5.689 -2.542

Real Interest Rate 7.660 6.415 -1.724 -1.373 -0.061 0.201
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1.8 Conclusion

Labour markets in developing countries, especially in SSA are characterised by large
and persistent informality, which has the potential to impact the transmission of ag-
gregate shocks and therefore the dynamics of aggregate variables like unemployment,
output and inflation. This notwithstanding, the vast majority of studies examining
the transmission of shocks in developing countries, especially SSA do not examine the
potential impact of informal labour markets in driving the cyclical response of an econ-
omy to macroeconomic shocks. This study is an attempt at contributing to filling that
gap in the literature by answering one broad question: what role does the presence of a
large informal labour market play in shaping the response of the economy to aggregate
shocks? To answer this question, we construct and compare the dynamic behaviour of
aggregate unemployment, output and inflation when hit by aggregate demand, aggre-
gate technology and monetary policy shocks in two closed-economy NK-DSGE models
with labour market frictions à la the DMP model. The first model is a Two Sector
model with a formal and informal sector. The second model is a One Sector version of
the baseline model, i.e. without the informal sector. We then calibrate the two models
to fit specific macroeconomic features of a typical or representative SSA (i.e., Ghana),
simulate and compare the dynamics in both models to examine the potential impact
of a large informal sector in response to the aggregate shocks. We adopt a calibra-
tion strategy that accommodates a wide range of for some parameters, reflecting the
reasonable level of uncertainty over the values of these parameters.

We find that: a) aggregate unemployment and aggregate output are substantially less
responsive in the model with informality over the lifetime of the aggregate demand
and monetary policy shocks, implying that the presence of an informal labour market
dampens the response of aggregate unemployment and aggregate output to both shocks
b) there is a stronger aggregate inflation response to aggregate demand and monetary
policy shocks, implying that the presence of the informal sector amplifies the response
of aggregate inflation to aggregate demand and monetary policy disturbances c) the rise
in aggregate unemployment in response to an aggregate technology shock is deeper in
the model without informality, implying that the presence of an informal labour market
dampens the impact of aggregate technology shock on aggregate unemployment and
d) aggregate output is marginally more responsive and aggregate inflation is more
responsive to an aggregate technology shock, implying that informality amplifies the
response of aggregate output and aggregate inflation (more than doubles the level of
deflation) when there is a positive shock to aggregate technology.
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The mechanism that determines the dynamics of aggregate unemployment and there-
fore aggregate output to all the shocks is governed by the impact of the shock on
the relative fluctuations in average labour market tightness of the two models. This
is driven by two forces. First, the stock of job searchers in each sector of the Two
Sector model is disproportionately smaller than the stock of job searchers in the One
Sector model. Second, the aggregate number of vacancies posted by wholesale firms
in the Two Sector model is moderated by the arbitrage condition (the Jackman-Roper
condition) which requires that the weighted labour market tightness of the sectors are
equalised, a condition that is absent in the One Sector model. The consequence of
the two forces is that the fluctuations in average labour market tightness and therefore
aggregate unemployment/employment in response to all the shocks is less in the Two
Sector model compared to the One Sector model. The consequence is that aggregate
output fluctuates less in the Two Sector model than in the One Sector model in re-
action to all the shocks, except for the aggregate technology shock where the fall in
unemployment is largely compensated for by the relatively higher effect of the shock
to aggregate marginal productivity in the One Sector model due to the absence of the
less productive informal sector. The differences in the dynamics of aggregate inflation
in the two models is driven by the heterogeneity in sectoral price rigidities in the Two
Sector model, as opposed to the One Sector model. The presence of a relatively more
price-flexible informal sector in the Two Sector model means that in aggregate, more
firms change prices in the Two Sector model compared with the One Sector model, im-
plying larger movements in aggregate price levels in the Two Sector model. Thus, the
stronger aggregate inflation response to all the shocks in the model with informality is
primarily driven by the stronger price response by the relatively more flexible informal
sector in the Two Sector model.

Our findings have some implications for stabilisation policies in economies characterised
by high informality. The finding that the presence of informality amplifies the response
of inflation to all the shocks means that from a stabilisation perspective, informality
poses a challenge for policymakers. In particular, since informality makes inflation
more responsive to aggregate demand shocks, greater expansion in output is required
if inflation is to be stabilised. This challenge adds to the headache of policymakers in
these countries who also have to deal with other known challenges of a large informal
sector such as inadequate tax receipts with its associated fiscal consequences because
of the unrecorded/unregistered nature of the informal sector. As stated earlier, other
studies like Castillo and Montoro (2012) and Alberola and Urrutia (2020) have made
contrasting findings to ours, especially with respect to aggregate demand shocks, mainly
because of different modelling decisions and assumption from us. This makes it crucial
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for further studies in this area, exploring different modelling choices in an attempt to
arrive at a more consistent and consensus view for policymakers in these economies.

A significant limitation of our study is that the Jackman-Roper condition seems to
be the main driver of the differences in responses between the Two Sector model and
the One Sector model. If a shock affects the two sectors of the Two Sector model, the
Jackman-Roper condition assumes that households would immediately reallocate work-
ers from one sector to the other. This seems like too strong an assumption and drives
the main results in the study. While the empirical evidence reveals worker mobility
between the formal and informal sectors, some studies including Kavuma, Morrissey,
and Upward (2015) for Uganda finds that the transition probabilities from the formal
sector to the informal sector are greater than the reverse. On the other hand, some
studies including Bosch and Maloney (2007) for Mexico, Bernabè and Stampini (2009)
for Georgia and Albertini, Poirier, and Sopraseuth (2019) for Argentina among others
find greater probabilities of worker transition from the informal sector to the formal
sector than in the reverse direction. Maloney (1999) and Sugiharti, Aditina, and Padilla
(2022) found that workers are as likely to transition from the formal to the informal
sector as the reverse direction for Mexico and Indonesia respectively. The transition
probabilities are influenced by factors such as education, work experience, gender, age,
employment status, training and skills, etc. Kavuma et al. (2015), Tansel and Acar
(2017) and Sugiharti et al. (2022) for instance find that the transition probability from
informal employment to formal employment increases with education. Tansel and Acar
(2017), Nackerdien and Yu (2019) and Cameron, Suarez, Rowell, et al. (2020) find that
female workers have a lesser probability of moving from informal to formal jobs than
their male counterparts. All these show that the probabilities of worker mobility be-
tween the formal and informal sectors are straightforward and are dependent on some
specific characteristics of the population in question. They are influence by factors
including but not exclusively, variations in skills, qualifications and job certifications,
and other technical and legal reasons that generate labour rigidities, and therefore
not allow flexible mobility from the informal to the formal sector as implied by our
model. Therefore, the assumption implicit in the Jackman-Roper condition in our
model that the households instantaneously reallocate workers between the sectors may
be too strong an assumption. Moreover, employing the Jackman-Roper condition be-
tween a formal and an informal sector may be rather unrealistic, as the usual practice
in the literature is to employ it between two formal sectors of an economy. To be able
to have a more concrete and comprehensive understanding of the impact of the shocks
on the mobility of workers between the formal and informal sectors, these factors need
to be adequately and appropriately accounted for. Furthermore, Maloney (2004) and
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Fields (2005a) have argued that the informal sector consists of an "upper-tier" which
is competitive with the formal sector, where individuals enter voluntarily as they ex-
pect to earn more than in the formal sector, given their specific characteristics, and a
"lower-tier" or "involuntary" part, which does not compete with the formal sector, as it
is made up of individuals who have been locked out of the formal sector and possibly
the "upper-tier" of the informal labour market. Following this, a model that takes this
into account, allowing the Jackman-Roper condition to be operational between the for-
mal “sector and upper-tier" of the informal sector and not between the formal sector
and the "lower-tier" of the informal sector may be a better way of dealing with the
dominance of the Jackman-Roper condition in the model and serve as a more realistic
representation of the dynamics in the labour market than suggested by our current
model.

1.9 Further Research

Our model is highly stylised to ensure tractability and reduce the computational cost.
It can, however, be extended by introducing other salient features in future research.
First, informal sector firms in SSA economies are known to be more labour intensive
and less capital intensive compared to formal sector firms. We can therefore introduce
capital and capital utilisation into the model to see how that impacts the dynamics.
Second, wages are known to be more rigid in the formal sector than in the informal
sector, mainly due to the high level of unionisation in the formal sector in most SSA
countries. Three out of four jobs in the formal sector in Ghana are unionised (Assens
& Jensen, 2003). This is an important feature that we may want to incorporate in
our model going forward. Third, an important feature of SSA economies is that the
fact that informal sector firms are more credit constrained than formal sector firms
(see Batini et al. (2010)). This provides an opportunity to examine model financial
frictions and the transmission of financial shocks. Fourth, we can easily tweak our
model slightly to allow for sector-specific shocks as a way of examining the aggregate
impact of sectoral shocks. Greenwood, MacDonald, and Zhang (1996) argue that both
aggregate and sector-specific shocks are vital to explaining the level of unemployment.
Garin et al. (2018) show that business cycles respond differently to aggregate shocks
compared to sector-specific shocks. Fifth, economies in SSA are known to be heavily
dependent on external debt (see Khan and Ajayi (2000) , Fosu (2010) and World Bank
(2022a), among others) and highly susceptible to exchange rate fluctuations (see Ghura
and Grennes (1993) , Bleaney and Greenaway (2001) and Julie (2014), among others).
We can extend our model from a closed-economy model to an open-economy model
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in order to study these issues. Finally, following Thomas (2008), we can employ this
model in conducting optimal monetary policy analysis in future research.
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Chapter 2

The Impact of Labour Market
Mobility on Macroeconomic
Fluctuations in a Typical

Sub-Saharan African Economy
with High Informality

Abstract

We attempt to examine the role played by intersectoral labour mobility between formal and
informal labour markets in Sub-Saharan African (SSA) economies, where the economies are
characterised by large and pervasive informal labour markets. We do this by comparing the
dynamics of some aggregate variables in two variants of a two-sector NK-DSGE models with
search frictions when hit by aggregate shocks. The two variants represent two extremes of
worker mobility; a Complete (Perfect) Labour Mobility version where workers can be costlessly
reallocated across the formal and informal sectors and a No Labour Mobility version where
labour participation is fixed for both sectors and so household are unable to reallocate across
the sectors, possibly due to prohibitive reallocation costs. We calibrate the two sectors to a
typical or representative SSA country (i.e. , the Ghanaian economy). We then simulate and
compare both models to examine the potential impact of intersectoral labour mobility across the
two sectors on aggregate unemployment, aggregate output and aggregate inflation in response
to aggregate demand, aggregate technology and monetary policy shocks. We find that aggregate
unemployment, aggregate output and aggregate inflation are less responsive in the Complete

97



Labour Mobility model in comparison with the No Labour Mobility model over the lifetime
of the aggregate demand, aggregate technology and monetary policy shocks, implying that
intersectoral labour mobility between the formal and informal sectors dampens the responses
of these variables to aggregate shocks. The dampening effect in the model with complete labour
mobility is driven by the presence of an arbitrage condition (Jackman-Roper condition), which
is absent in the No Labour Mobility model. The Jackman-Roper condition leads to relatively
smaller variations in labour market tightness, resulting in smaller variations in unemployment,
output and real marginal costs and therefore inflation in the Complete Labour Mobility model
when there is a shock.

2.1 Introduction

A plethora of empirical studies have established significant flows between formal and
informal labour markets in emerging market and developing economies (see Duryea,
Marquéz, Pagés, Scarpetta, and Reinhart (2006); Bosch, Goni, and Maloney (2007);
Bosch and Maloney (2007); Levy (2010); Bosch and Esteban-Pretel (2012); Kavuma
et al. (2015); Tansel and Acar (2017); Vega Núñez (2017); Gallardo Del Angel (2019);
Morales-Zurita, Hermida, Dávalos, and Morales (2019) ). However, to the best of our
knowledge, no theoretical study has explicitly examined how an economy’s ability to
reallocate workers across the two sectors impacts its response to macroeconomic shocks.
This is particularly important in Sub-Saharan Africa (SSA) economies where informal
labour markets are large and pervasive, as the flows of workers into and out of the
informal sector represent potential labour adjustment margins in response to economic
shocks (Ulyssea, Goldberg, Meghir, & Dix-Carneiro, 2021). We attempt to contribute
to filling this gap in the literature by examining the role played by labour mobility
or reallocation across the formal and informal sectors in dampening or amplifying
business cycle fluctiuations in a typical SSA economy. The formal sector in developing
countries is characterised by higher average wages compared to the informal sector
(Falco, Kerr, Rankin, Sandefur, & Teal, 2011; Günther & Launov, 2012), but has
relatively better/higher production technology (Lewis, 1954; Perry et al., 2007; Porta
& Shleifer, 2008; Busso, Fazio, & Levy, 2012).

This chapter makes one major contribution to the literature on the role of sectoral
reallocation of labour in driving business cycles outcomes by being the first study to
explicitly look at the impact of labour reallocation between the formal and informal
labour markets on the response of aggregate variables to aggregate shocks. There is
a plethora of empirical studies dating back to Lilien (1982) and Abraham and Katz
(1986) have looked have studied the aggregate implications of sectoral labour market
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dynamics. Some theoretical studies, including Phelan and Trejos (2000), Chang (2011)
and Tase (2019) have also examined the aggregate impact of sectoral labour realloca-
tion. However, no study has done that in the context of formal and informal labour
markets. Given that SSA economies are characterised by large informality in the labour
markets, understanding how the reallocation of labour between the two sectors affects
business cycle outcomes would help policymakers in these countries in the design of
appropriate and tailor-made policies to address macroeconomic fluctuations in those
countries. This is the main contribution of this chapter.

The primary objective of this study is to establish if the degree of intersectoral labour
mobility between the formal and informal labour markets of a typical SSA economy
has any effect in shaping the response of aggregate unemployment, aggregate output
and aggregate inflation to aggregate shocks; aggregate demand, aggregate technology
(supply) and monetary policy shocks. We aim to explore and understand the mecha-
nisms by which the the ability to reallocate labour across the two sectors or otherwise
affects how aggregate macroeconomic shocks are propagated in such an economy. We
therefore ask only one broad question in this chapter: Does the degree of intersectoral
labour mobility or labour reallocation between the formal and informal sectors quan-
titatively affect the response of a typical SSA economy to aggregate macroeconomic
shocks? That is, does the extent of labour reallocation across the formal and informal
sectors make macroeconomic variables like unemployment, output and inflation more
or less responsive to aggregate shocks? To answer this broad question, we construct
a two-sector closed-economy NK-DSGE model with dual labour market (formal and
informal) and frictions à la the DMP model in both labour markets. We also introduce
nominal frictions in the form of the Calvo (1983) price stickiness in both sectors. We
produce two variants of the model, with two extreme scenarios of worker mobility. The
first is a Complete (Perfect) Labour Mobility version where workers can be reallocated
across the formal and informal sectors. Hence, households are able to costlessly reallo-
cate workers to search for job in either of the two sectors, subject to reallocation costs
in terms of utility costs. The second is a No Labour Mobility version where labour
participation is fixed for both sectors and so household are unable to reallocate across
the sectors or that the reallocation costs are so prohibitive that households do not see
it as an optimal decision to reallocate workers across the sectors. We calibrate the two
sectors to a typical or representative SSA country (i.e. the Ghanaian economy). We
then simulate and compare both models to examine the potential impact of intersec-
toral labour mobility across the two sectors on macroeconomic variables in response
to aggregate shocks. Comparing the outcomes of these different variants of the model
allows us to investigate and understand how the extent of intersectoral labour mobility
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affects the economy’s response to economic shocks. It would also contribute to the
knowledge and resource base for researchers and policy-makers on how to theoretically
model different stylisations of labour market conditions of different SSA countries in
terms of the conception of the degree of intersectoral labour mobility.

In one sense, the Complete Labour Mobility version of our model is at odds with the
traditional dualistic theory of labour markets which proposes that some workers face
limitations on getting jobs in the formal sector due to their personal characteristics and
therefore remain in the informal sector (Mazumdar, 1975; Pratap & Quintin, 2006),
as we allow for mobility of workers from the informal to the formal sector. It can,
however, be argued that it is consistent with a rendition of the dualistic view where
there are no entry barriers, so workers from the informal sector can freely enter the
formal sector. The dualistic view posits that the informal sector is an inferior or disad-
vantaged sector where identical workers resort to escape unemployment when unable to
secure a formal sector job (Harris & Todaro, 1970; Magnac, 1991; Rauch, 1991; Pratap
& Quintin, 2006; Fields, 2007; Aydin, Hisarciklilar, & Ilkkaracan, 2010). Thus, infor-
mal employment is considered involuntary. However, Maloney (1999, 2004) presents a
view of the informal sector as relatively more desirable to some workers who prioritise
the maximisation of utility, which could include some non-pecuniary benefits, rather
wage income. Here, informal employment is considered voluntary. Some studies have
considered a segmented informal labour market which is composed of voluntary and
involuntary employment (Fields, 1990; Perry et al., 2007). The No Labour Mobility
version admittedly is not a practical stylisation of real world developing economies due
to the copious empirical evidence of labour flows across the formal and informal sectors
(see Bosch et al. (2007), Bosch and Esteban-Pretel (2012) and Tansel and Acar (2017)
among others). However, in the context of this study, it serves as a useful model for
numerically evaluating the quantitative impact of intersectional labour mobility in re-
sponse to shocks when compared with the Complete Labour Mobility model. One can
understand our theoretical conceptualisation of labour mobility in the No Labour Mo-
bility model economy by placing it in the spirit of the non-competing groups concept
of Cairnes (1874)1, where the labour market in the economy is composed of sectors
that are completely separate from each other without any form of intersectional worker
mobility, irrespective of the presence of potential drivers of worker movement such
as wage differentials between the sectors. It must, however, be stressed that the No
Labour Mobility model is an unrealistic special case, but would be helpful in evaluat-
ing the impact of intersectoral worker mobility when compared with the model with

1See Pomer (1983), Oi (1990), Brosnan, Rea, and Wilson (1995) and Fields (2005a)
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perfect intersectoral worker mobility. The Segmented Labour Market literature sug-
gests that an intermediate case between No Labour Mobility and Complete Labour
Mobility models would be an appropriate representation of most labour markets (see
Piore (1972), Doeringer and Piore (1985), Peck (1989) and Leontaridi (1998), among
others.).

We find that aggregate unemployment, aggregate output and aggregate inflation are
less responsive in the Complete Labour Mobility model in comparison with the No
Labour Mobility model over the lifetime of the aggregate demand, aggregate technol-
ogy and monetary policy shocks, implying that intersectoral labour mobility between
the formal and informal sectors dampens the responses of these variables to aggregate
shocks. The dampening effect in the model with complete labour mobility is driven by
the presence of an arbitrage condition (Jackman-Roper condition), which is absent in
the No Labour Mobility model. The Jackman-Roper condition requires that the devi-
ation of formal and informal labour market tightness from their respective pre-shock
steady states are equalised. It moderates the extent to which wholesale firms in both
sectors of the Complete Labour Mobility model vary the number of vacancies they
post in response to shocks. As this constraint is not present in the No Labour Mo-
bility model, the variations in sectoral and aggregate vacancies are disproportionately
greater in the No Labour Mobility model, leading to relatively greater variation in sec-
toral labour tightness in the No Labour Mobility model. This culminates in relatively
smaller variations in aggregate unemployment and output in the model with complete
labour mobility. In the case of the positive aggregate technology shocks, the absence
of the Jackman-Roper condition causes the composition of formal employment in total
employment in the No Labour Mobility model to rise more than in the Complete Labour
Mobility model. And since the rise in aggregate productivity has a greater effect on
formal sector productivity than informal sector productivity, the cumulative increase in
aggregate output is more in the No Labour Mobility model compared to the Complete
Labour Mobility model. The relatively smaller changes in the labour market tightness
in the Complete Labour Mobility model also leads to relatively smaller changes in real
wages, hiring costs and real marginal costs in the Compete Labour Mobility model in
response to all the shocks. Consequently, the response of aggregate inflation to shocks
is more muted in the model with complete labour mobility. Our findings suggests that
in SSA economies where informality is quite large and pervasive, putting structures
in place that allows for ease of labour reallocation and mobility between the formal
and informal sectors can serve as a means of reducing macroeconomic fluctuations and
ensuring the stabilisation of inflation and economic activity.
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The rest of the paper is divided into 7 main sections. Section 2.2 presents a survey of
related literature to situate our study in the context of the wider literature. Section 2.3
sets out our theoretical model, with the two different variants. Section 2.4 characterises
the steady-states of the two models and their solutions. Section 2.5 outlines the log-
linearised equilibrium conditions of the models. Section 2.6 offers the calibrations of
the two models aimed at capturing vital features of the Ghanaian economy. Then
performs quantitative exercises involving the simulations of the two models to examine
and compare the dynamics of the models when hit by aggregate demand, aggregate
technology and monetary policy shocks. Section 2.7 concludes and Section 2.8 outlines
plans for further research.

2.2 Related Literature

The role of sectoral reallocation of labour2 in driving business cycle outcomes, espe-
cially fluctuations in aggregate unemployment is an interesting and unresolved ques-
tion (Brainard & Cutler, 1993; Wieland, Chodorow-Reich, et al., 2015), although a
substantial amount of research has confirmed that sectoral reallocation is a signifi-
cant characteristic of business cycles (Swanson, 1999). A host of empirical studies
have considered the aggregate implications of sectoral labour market dynamics (see
Lilien (1982); Weiss (1984); Abraham and Katz (1986); Loungani (1986); McCallum
(1987); Davis (1987); Murphy and Topel (1987); Loungani and Rogerson (1989); Sam-
son (1990); Palley (1992); Brainard and Cutler (1993); Rissman (1993); Campbell and
Kuttner (1996); Gallipoli and Pelloni (2013); Byun and Hwang (2015)), but no concrete
theoretical consensus has emerged. An early theoretical attempt to model sectoral re-
allocation is the Lucas and Prescott (1974) intersectoral reallocation model set in a
Phelpsian “islands” economy (Phelps, Alchian, Holt, et al., 1970) environment where
the production, as well as, the sale of goods happen in a plurality of spatially distinct
competitive markets. Unexpected demand shocks generate wage differentials across the
different markets leading to the reallocation of labour from the low wage sectors of the
economy to the high wage sectors.

Phelan and Trejos (2000) embedded a Mortensen and Pissarides (1994) search and
matching model in a two-period three-sector version of the Lucas and Prescott (1974)
model with three consumption goods to determine if an isolated reallocation shock in
the form of preference shock generate significant aggregate effects. They show that un-
der the assumption of positive labour mobility costs across sectors, reallocation shocks

2sometimes refereed to as a structural change in the labour market.
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such as preference shocks that change the relative demand of the different consump-
tion goods, can generate large and persistent aggregate responses. A recent study by
Tase (2019) also find results consistent with Phelan and Trejos (2000). Chang (2011)
attempts to provide a theoretical framework to examine and compare the response of
the labour market to aggregate and sectoral shocks in a two-sector model with search
frictions and imperfect labour mobility. The main finding of their study, in identifying
the aggregate impact of a purely sectoral shock, is that a higher total factor produc-
tivity (TFP) ratio leads to a lower aggregate unemployment, given the same aggregate
TFP. This is because the economy reallocates labour force to the sector with better
technology, causing aggregate labour productivity to rise although the aggregate TFP
remains constant, which culminates in a lower rate of aggregate unemployment. Also,
there is slow adjustment in response to the shock stemming from the time it takes
for successful new matches to materialise (standard search frictions), as well as, the
time it takes for workers to move to the growing sector of the economy. There has
been renewed interest in models of sectoral reallocation with studies including Berger
(2012), Mehrotra and Sergeyev (2012), Garin et al. (2013), Şahin et al. (2014), Borio,
Kharroubi, Upper, and Zampolli (2015) and Chodorow-Reich and Wieland (2020).

In the context of a dual labour market with informality, Restrepo-Echavarria (2014) and
Fernández and Meza (2015) argue that studying the reallocation of labour between the
formal and informal sectors is pivotal to understanding the business cycle properties of
emerging market economies. Fernández and Meza (2015), motivated by the empirical
evidence of the high degree of worker transition between the formal and informal labour
markets in Mexico, assumed that households determine how much labour to allocate to
both markets in a two-sector small open-economy (SOE) model with no labour market
frictions. That is, there is complete labour mobility between both sectors. In their
model, self-employment is used as a proxy for the informal sector. Hence, informal
goods are produced by self-employed workers, while formal sector goods are produced
by formal sector firms (or simply firms). Both sectors employ constant returns to scale
technologies with capital and labour as inputs. In line with the empirical evidence for
the Mexican economy, the formal sector has superior production technology compared
to the informal sector, but unlike the informal sector, formal sector firms incur tax on
their wage bill. The only source of disturbance in their model is a labour-augmenting
productivity shock (growth shock) in the formal sector. Crucially, they allow for the
possibility for the formal sector growth shock to be imperfectly propagated (incomplete
pass-through) to the informal sector. This is done by allowing the current period in-
formal growth shock to evolve as a convex combination of the previous period informal
growth shock and the current period formal growth shock. The exogenous parameter
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characterising the pass-through of labour-augmenting productivity shock from formal
to informal sectors (the elasticity) is calibrated to 0.64 in their benchmark model to
match the observed correlation of informal employment with (formal) output in the
Mexican data. Thus, formal sector growth shocks and informal sector growth shocks
are imperfectly correlated. This provides the incentives for the reallocation of labour
across the sectors in equilibrium. A productivity shock instantaneously and simul-
taneously increases the levels of formal and informal production, as both formal and
informal employment increase in response to the shock. However, the lower strength
of the transmission of the shock in the formal sector to the informal sector3 generates
changes in the relative productivities across the two sectors. This results in labour
being reallocated from the informal sector to the formal sector. Hence, there is a fall
in informal employment alongside a rise in informal employment from the next period
after the shock, with a consequence response of output in the respective sectors. Thus,
the model predicts countercyclical informal employment. They found that including
informal employment in the model amplifies the effects of the shock and this amplifi-
cation is connected to the fact that shocks are not fully propagated. This imperfect
propagation of the shock leads to relative productivity differences that further increases
labour reallocation with associated high macroeconomic volatility in equilibrium.

Colombo et al. (2019) constructed a two-sector NK-DSGE model with a frictionless
informal labour market, and search and matching frictions in the formal (official) sector.
They also include formal sector banking (financial) frictions, modelled as a shock to
bankers’ net worth in the mould of Gertler and Karadi (2011). The focus of their
study was to investigate the possible impact of financial crises on the reallocation of
labour between the formal (official) sector and the informal sector. Unemployment
only exists in the formal sector, as all individuals searching for a job in the informal
sector get one. Workers not hired in the formal sector have two options; work in
the informal sector or stay unemployed hoping to be hired in the formal sector in
the next period. This makes the formal sector participation rate endogenous, as it is
driven by the optimal choice between the two options. Workers in the formal sector
can be reallocated to the informal sector directly, but only unemployed workers can
find a job in the formal sector. Thus, informal sector workers can only get into the
formal sector by first entering into unemployment. They impose a stock equilibrium
condition which says that the value of unemployment to the worker is equal to the value
of self-employment (informal employment). This is tantamount to assuming the the
household’s optimal decision involves deciding how many unemployed workers search for

336 percent of the shock not propagated from the formal to the informal sector.
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a job in the formal sector and how many work in the informal sector. The optimality
conditions imply that in equilibrium, the expected returns emanating from the two
possible options equalise. This arbitrage condition represents the main element of the
model’s mechanism and drives the results. As we shall see in subsection 2.3.5, this is
similar to our arbitrage (Jackman-Roper) condition, the main mechanism that drives
the responses in our Complete Labour Mobility model. They found that the informal
sector acts as an employment buffer by absorbing workers during periods of economic
decline (and vice versa). This is because a financial crisis increases the cost of capital
for the formal sector firms, leading to a sharp fall in investment, with associated large
and persistent decline in formal output. There is a reduction in the expected surplus for
the formal sector. Firms in the formal sector therefore post fewer vacancies, resulting
in an increase in unemployment. The existence of an informal sector means that the
unemployed workers now have an outside option, which is to work in the informal
sector. The decision by the monetary authority to reduce interest rates cause a rise in
the demand of informal goods, with associated increase in demand for informal labour.
If the participation rate in the formal sector remains unchanged, the rise in informal
labour demand would culminate in a rise in informal real wage thereby driving up the
value of informal employment (self-employment) above the value of unemployment.
For the arbitrage condition to hold, there is an adjustment of the formal participation
rate through a reallocation of workers from the formal to informal sector, effectively
reducing the informal wage. Thus, the informal sector acts as an employment buffer in
periods of economic decline. For a given financial shock a larger and more persistent
labour reallocation is required to maintain the arbitrage condition after the shock, if
the size of the informal sector is large. Thus, there is a positive relationship between
the size of the informal sector and the degree of employment reallocation from the
formal to the informal sectors, which is vital for disciplining informal wages thereby
bringing the value of informal sector job in alignment with the new value of the job
search in the formal sector. Hence, the informal economy acts as an amplifier for the
formal economy following the shock.

Leyva and Urrutia (2020), in a study that is a partly empirical and partly theoretical
paper, document that informality rate (i.e. , the share of informal employment in to-
tal employment) is countercyclical in Mexico, but challenges the view that informality
rate is a result of a reallocation of workers from the formal to informal sector during an
economic downturn. They found that the fall in formal employment during recessions
is driven by a combination of weak job creation from unemployment and inactivity
(out of the labour force) and job reallocations to the informal sector, with the reallo-
cations to informal employment contributing only 30 percent. Informal employment
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experiences a weak response because the labour reallocations from the formal to the
informal sector is partly offset by job destruction to inactivity (i.e. , movement of
workers from informal employment out of the labour force). To replicate this results in
a theoretical framework, they proposed a two-sector Small Open Economy (SOE) busi-
ness cycle model with dual labour markets; a frictional formal labour market à la Merz
(1995), Andolfatto (1996) and Boz et al. (2015), frictionless informal labour market and
endogenous labour force participation decision. They model the latter as a standard
labour-leisure choice. Each period, a representative household has a fixed time endow-
ment normalised to one, and their per period optimal decision involves allocating it
between formal employment, informal employment (self-employment), unemployment
and out of the labour force. The model includes payroll taxes and employment pro-
tection, modelled as firing costs in the formal sector. The informal sector, on the
other hand, is untaxed and for simplicity is modelled as a static self-employment de-
cision, reflecting a assumption that the informal labour market is completely flexible
and therefore workers can freely make a transition between non-employment (unem-
ployment or out of the labour force) and informal employment in response to shocks.
Formal workers are assumed to be more productive than informal workers. They use
their model to examine the effects of labour regulation (in the form of employment
protection) and informality on macroeconomic volatility, as well as the propagation of
shocks in emerging market economies. The main sources of exogenous disturbances
were aggregate technology and foreign real interest rate shocks. The model does very
well in replicating the procyclicality of total employment and the counter-cyclicality of
the informality rate observed in the data as well as provides theoretical support for the
empirical finding that the fluctuations in the informality rate is driven by variations
in formal sector job creation. A (symmetric)4 adverse technology shock leads to a fall
in demand by final goods firms for intermediate goods which they use as input along
with capital. This generates a fall in demand for labour in both sectors; the inputs of
intermediate goods firms. Thus, the shock leads to a reduction in total employment
and output, but a negligible impact on the informality rate. An increase in the foreign
interest rate leads to a fall in the present value of a job to the firm via an increase
in the discounting rate of future pay-offs. Consequently, vacancy posting becomes less
profitable. Thus a rise in the foreign interest rate has a contractionary impact on
only the formal sector. In this regard, a rise in the foreign interest rate behaves like
an adverse technology shock by disproportionately affecting the formal sector, which
has a less flexible labour market and longer employment duration due to employment
protection.

4a�ects both sectors simultaneously.
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Our study is related to Fernández and Meza (2015) and Colombo et al. (2019) in
the sense that the mechanisms of both models clearly establish the role of labour
reallocation in driving macroeconomic fluctuations in the context of an economy with
high informality. Fernández and Meza (2015) allow for perfect labour mobility between
both sectors, similar to the Complete Mobility version of our model. However, unlike
Fernández and Meza (2015), our model is set in a New Keynesian framework and a
closed-economy environment, which helps one gain an understanding of the connections
between monetary policy and the aggregate performance of the economy. Also, we
model labour market frictions, while Fernández and Meza (2015) assume frictionless
labour markets. Thus, they do not model unemployment. We model unemployment
because the evidence point to a existence of high unemployment in the formal sector,
especially in the urban areas (Todaro & Council., 1997) and a relatively lower level of
unemployment in the informal sector, particularly in the rural areas of SSA economies
(Bigsten & Horton, 1997). Kingdon, Sandefur, and Teal (2006) reports rigidities in
labour markets in SSA, evidenced mainly by the degree of wage differentials between
the formal and informal sectors. Also, the main mechanism driving the reallocation of
labour across the two sectors in the Fernández and Meza (2015) model is the imperfect
pass-through of formal sector growth shocks to the informal sector. However, in our
Complete Mobility model, the reallocation of labour is driven by an arbitrage condition
which requires that the expected returns from searching for a job in the formal and
informal sectors are equalised. Colombo et al. (2019) uses a New Keynesian modelling
environment as we do in our study, but their study differs from ours in a few respects.
Firstly, they model labour market frictions only in the formal sector, while we model
frictions in both the formal and informal sectors. Unemployment is therefore only in
the formal sector, as the informal sector is completely flexible. Consequently, a worker
in the informal sector cannot find a job in the formal sector unless they first enter into
the state of unemployment. This is in contrast to our Complete Mobility model where
households can reallocate workers from the informal sector to the formal sector. The
second difference from our model follows from the assumption in the first. They impose
a stock equilibrium condition (an arbitrage condition) which ensures that the value of
being unemployed and searching for a job in the formal sector is equal to the value
of informal (self-employment). This is the main element in the model’s mechanism.
Further, we do not model financial shocks.
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2.3 Theoretical Models

In this chapter, we compare the Two Sector Complete Labour Mobility model in chap-
ter 1 (where labour reallocation across the formal and informal sectors is costless for
households, i.e., labour reallocation cost is zero) with a variant or special case where
labour reallocation cost is infinitely large that there is no incentive for households to
reallocate labour (i.e., reallocation costs approaches infinity). This allows us to com-
pare and analyse in stark terms the impact of labour reallocation in business cycle
fluctuations in an economy with large informality.

Chapter 1 sets out at length the Complete Labour Mobility model and therefore for
brevity and conciseness, we only set out the No Labour Mobility model. Further, the
No Labour Mobility model is just a special case of the Complete Labour Mobility
model, where households do not reallocate labour across the sectors, i.e., labour force
participation in both sectors is fixed. As most of the structural make up of the No
Labour Mobility model is the same as the Complete Labour Mobility model discusses
in detail in chapter 1, for brevity, we set out only the most relevant parts of the
No Labour Mobility version and refer the reader to chapter 1 for a more expansive
exposition of the other parts of the model.

2.3.1 The Labour Market

The details of the labour market are comprehensively discussed in chapter 1, hence we
limit ourselves only to the elements that differ from the baseline model. Recall that in
the baseline model, we assumed that households are free to reallocate workers across
sectors subject to a reallocation cost in the form of utility cost, making the utility
cost in a sector a function of the change in its labour force participation between two
periods. The utility cost is assumed to reflect for instance skills acquisition costs such
as retraining costs, relocation costs or even loss in sector-specific skills in utility terms.
Following Mehrotra and Sergeyev (2012, p. 14), the reallocation cost, represented by the
“cost function, R (�; �) is assumed to be continuous and di�erentiable in its arguments

and minimised whenL i
t � 1 = L i

t for any sector i”.

In the Complete Labour Mobility version of the model households can costlessly reallo-
cate all the formal labour force and informal labour force (i.e. reallocation cost is zero)
to search for jobs with both formal and informal sector wholesale firms. A worker is
allowed to search for a job only in the sector that the worker is allocated to search. 5

5This is di�erent from the case in some models such as that of Ho�mann and Shi (2016) and Yedid-
Levi (2016) among others, where a worker is allowed to search for a job in both sectors. In this case,
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Costless reallocation means that Ri �
L i

t � 1; L i
t
�

= 0 for all L i
t � 1; L i

t � 0 for all sectors
i 2 (F; I ).6 As we explained earlier in chapter 1, in the case of costless reallocation,
households would continue to reallocate workers to all sectors until the sectoral house-
hold surplus, weighted by the respective sectoral job finding rates are equalised. This
is the arbitrage condition (Jackman-Roper condition) explained in-depth in chapter 1.
In the No Labour Mobility version, however, labour participation in each sector is con-
stant. A fixed proportion � S of the labour force participate only in the formal sector,
so that formal labour force, L F

t = � S and a fixed proportion
�
1 � � S

�
of the labour

force participate only in the informal sector, so that L I
t =

�
1 � � S

�
. Thus, the total

labour force, L t = L F
t + L I

t = � S +
�
1 � � S

�
= 1 . So, households do not reallocate

workers between the two sectors and therefore there are no reallocation costs. Thus,
No Labour Mobility here implies no reallocation, which means that Ri �

L i
t � 1; L i

t
�

= 1

for any L i
t � 1 6= L i

t � 0 for all sectors i 2 (F; I ).7 We can intuitively look at this as
a case where the cost of reallocation is so prohibitive that households do not find it
economically prudent to reallocate labour from one sector to the other. We can also say
that needed skills and competence do not perfectly transfer across the two sectors, and
the cost of skills acquisition such as training costs and time to ensure a successful tran-
sition across sectors is too high that households do not find it worthwhile to reallocate
workers across sectors. For instance, education costs to train informal sectors workers
to acquire the needed level of competence to be able to participate in the formal sector
is too excessive that households do not have the incentive to do so. Similarly, the cost
of training formal sector workers to acquire some specific skills needed in the informal
sector, both in terms costs and time is to high that it is not appealing to households.
It can be seen that in the No Labour Mobility case, there is no need for an arbitrage
condition because households do not reallocate labour across the sectors.

At the beginning of period t, N i
t � 1 workers in sector i 2 (F; I ) are matched in existing

jobs. We assume that there is an exogenous probability � i 2 [0; 1) that an existing
job match in sector i 2 (F; I ) is destroyed at the beginning of the period.8 Therefore,
for the No Labour Mobility version, the number of job searchers in the formal and
informal sector at the beginning of the period are sF

t = � S � (1 � � F )N F
t � 1 and sI

t =�
1 � � S

�
�

�
1 � � I

�
N I

t � 1 respectively. Hiring takes place after jobs are destroyed,
then production takes place. Following Blanchard and Galí (2010), we assume that

the marginal value of a job to the household would also include terms that represent the probability
of �nding a job in either sectors.

6see Mehrotra and Sergeyev (2012)
7see Mehrotra and Sergeyev (2012)
8For simplicity, we ignore endogenous job destruction
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newly-hired workers become productive in the period they are hired. Hence, sectoral
employment has the following dynamics

N i
t =

�
1 � � i

�
N i

t � 1 + hi
t (2.3.1.1)

Sectoral unemployment rate is ui
t = U i

t
L i

t
, implying that for the No Labour Mobil-

ity version, we have uF
t = UF

t
� S for the formal sector, and uI

t = U I
t

(1� � S ) for the in-
formal sector respectively. The ’post-hiring’ aggregate unemployment in the model
economy is Ut = 1 � N t since Ut = UF

t + U I
t . The overall unemployment rate is

ut = Ut
1 = Ut . Following Michaillat and Saez (2015), the number of successful sec-

tor i 2 (F; I ) new matches in period t is given by a constant return to scale function,

hi (si
t ; vi

t ) =
�

�
si

t
� � � i

+
�
vi

t
� � � i

� � 1
� i

. The consequent sectoral job finding rate, f i �
� i

t
�

=
�

1 +
�
� i

t
� � � i

� � 1
� i

, and the sectoral vacancy filling rate, qi �
� i

t
�

=
�

1 +
�
� i

t
� � i

� � 1
� i

de-

pend only on sectoral labour market tightness, � i
t = v i

t
si

t
.

Refer to chapter 1 for a more detailed derivation and explanation of all the elements
of the labour market.

2.3.2 Households

Once again, chapter 1 comprehensively deals with the household’s set up, especially
the case of Complete Labour Mobility. Hence, here, we present only the important
elements that relate to the No Labour Mobility case. The household’s problem in
chapter 1 can be modified for the No Labour Mobility case as follows:

max
f Ct ;B t ;N F

t ;N I
t g

Et

1X

t=0

� t e" D
t

(
C1� 


t

1 � 

� �

N 1+ '
t

1 + '

)

(2.3.2.1)

subject to
�
1 � � F

�
Pt wF

t N F
t +

�
1 � � I

�
Pt wI

t N I
t + Pt b(1 � N t ) + � r

t + B t � 1 = Pt Ct + Tt + qt B t

(2.3.2.2)
N F

t =
�
1 � � F

�
N F

t � 1 + f F
t sF

t (2.3.2.3)

N I
t =

�
1 � � I

�
N I

t � 1 + f I
t sI

t (2.3.2.4)

sF
t = � S � (1 � � F )N F

t � 1 (2.3.2.5)
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sI
t =

�
1 � � S

�
�

�
1 � � I

�
N I

t � 1 (2.3.2.6)

where equation 2.3.2.1 is the expected life-time utility of a representative household,
"D

t is a demand shock which evolves according to "D
t = � d"D

t� 1 + %d
t with 0 � � d � 1

and %d
t � N

�
0; � 2

d
�
. 
 represents the intertemporal elasticity of substitution between

consumption and labour and ' the parameter governing the elasticity of labour supply.
� governs the utility cost of working. This specification of � in this household utility
function implies that the disutility of labour is assumed to be the same for formal and
informal sectors. N t and Ct are aggregate employment and aggregate consumption
respectively and are modelled as described in chapter 1. Equation 2.3.2.2 is the house-
hold’s budget constraint where � r is the household’s share of profits from ownership
of firms, B are one-period bonds, T is a lump-sum tax (transfers) and qb = 1

1+ i is the
nominal price of bonds, with i being the short-term nominal interest rate. The real
wage for sector i 2 (F; I ) is wi , subject to wage tax at rate � i . All unemployed workers
receive real current pay-off, b representing unemployment benefit or the value of home
production.

Combining the first order conditions with respect to consumption, Ct , quantity of
bonds, B t , and sectoral employment, N i

t results in the following set of optimality con-

ditions for the household

C � 

t = �e " D

t Et C
� 

t+1

(1 + i t )
1 + � t+1

(2.3.2.7)

�e " D
t Et

C � 

t+1

C � 

t

= � Et
� t+1

� t
=

1
1 + r t

(2.3.2.8)

� 2;i
t = � �N '

t +
n

(1 � � i )wi
t � b

o
C � 


t + � Et �
2;i
t+1

n�
1 � � i

� �
1 � f i

t+1

�o
(2.3.2.9)

where � 1
t is the Lagrange multiplier on the household’s budget constraint and can be

interpreted as the marginal utility of consumption. � 2;i
t is the Lagrange multiplier on

the evolution of employment in sector i and represents a measure of the change in
utility of having an additional household member employed in sector i given real wages
wi

t . Equation 2.3.2.7 is the Euler equation for consumption and Equation 2.3.2.8 is the
stochastic discount factor.

Defining the marginal household surplusfrom an additional household member em-

ployed in sector i 2 (F; I ) measured in consumption units as SH;i
t =

@Ut
@Ni

t
� t

, where
� t = C � 


t is the marginal utility of consumption, we can write the marginal household

surplus from an additional household member employed in sector i 2 (F; I ) measured
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in current consumption units as

SH;i
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where @Ut
@Ni

t
= � 2;i

t , and 1
1+ r t

is the stochastic discount factor.

2.3.3 Wholesale Firms

The set up of the wholesale firm is the same for both the Complete Labour Mobility and
the No Labour Mobility versions and has been comprehensively discussed in chapter 1,
so for brevity, we only restate the wholesale firm’s problem and the relevant equations.
The optimal decision problem of the representative sector i wholesale firm is given by

max
N i

t + k ;v i
t + k

J i;W
t = Et

1X

k=0

� t+ k � t+ k

� t

(
P i;W

t+ k

Pt+ k
zi A t+ kN i

t+ k � wi
t+ kN i

t+ k � � i vi
t+ k

)

(2.3.3.1)

subject to
N i

t+ k =
�
1 � � i

�
N i

t+ k� 1 + qi
t+ kvi

t+ k (2.3.3.2)

where Y i;W
t (j ) = zi A t N i

t (j ) is the production function of a sector i wholesale firm and
j is the index of the firm. A is aggregate productivity shock, common to all sectors
and defined by A t = e" "

t where " "
t evolves according to " "

t = � " " "
t � 1 + %"

t with 0 � � " � 1

and %"
t � N

�
0; � 2

"
�
. zi � 1, can be interpreted as the level of access to public services

by sector i wholesale firms that affects the degree to which they can effectively utilised
aggregate technology in production. � i is the unit cost of posting vacancies in sector i .

The first order conditions with respect to sector i vacancies and employment respec-
tively are

vi
t : 
 i

t =
� i

qi
t

(2.3.3.3)
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�
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where 
 i
t is the multiplier on sectoral law of motion of labour, equation 2.3.1.1 and can

be viewed as the shadow value of employment to the firm. By combining the first order
conditions for vacancies and employment above, we derive the net marginal hiring cost

for sector i wholesale firms as

� i
t = � i

 
1
qi

t
�

1
(1 + r t )

 �
1 � � i �

Et qi
t+1

!!

(2.3.3.5)
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and the real marginal cost for sector i wholesale firm is

mci
t =

wi
t + � i

t

zi A t
(2.3.3.6)

after defining � i
t = zi A t

� i
t

� wi
t where the sector i retail mark-up is � i

t =
Pt

P i;W
t

= 1
mc i

t
and

� Et
� t +1

� t
= 1

1+ r t
.

Equation 2.3.3.5 shows that hiring a new worker in period t has two opposing effects on
the recruitment costs. The first effect, represented by the term � i

qi
t
, increases the recruit-

ment costs in period t and the second effect, represented by the term �
�

1� � i

1+ r t

�
� i

Et qi
t +1

reflects a reduction in the cost of hiring new workers in the next period, t + 1 . The real
marginal cost, equation 2.3.3.6, also represents the marginal contribution of output to
the revenue of the wholesale firm. From combining equations 2.3.3.5 and 2.3.3.6, we
get the real wage of sector i as

wi
t =

zi A t

� i
t

�
� i

qi
t

+
1

1 + r t

(
�
1 � � i

� � i

Et qi
t+1

)

(2.3.3.7)

That is, the sector i real wage, wi
t is equal to the marginal product of labour for the

sector, zi A t
� i

t
less the expected cost of hiring the matched worker, � i

qi
t
, plus the expected

saving from not having to post a vacancy in the next period (expressed in units of the
final good). By defining the marginal surplus to the sector i wholesale firm from hiring
an additional worker as SF;i

t = @Ji;Wt
@Ni

t
, we can write the marginal surplus to the sector

i wholesale firm from hiring an additional worker is

SF;i
t = 
 i

t =
zi A t

� i
t

� wi
t +

1
1 + r t

(
�
1 � � i

� � i

Et qi
t+1

)

(2.3.3.8)

since SF;i
t+1 = � i

Et qi
t +1

. That is, the marginal surplus to the sector i wholesale firm from
hiring an additional worker is a function of the marginal revenue product of labour less
the real wage, plus the discounted continuation value.

2.3.4 Wage Determination

It is assumed that real wages are endogenously determined by Nash bargaining between
competitive sector i wholesale firms and individual workers, 9 and the bargained real

9Other studies including Cooley and Quadrini (1999) and Krause and Lubik (2007) assume surplus
splitting instead of Nash bargaining.
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wage, wi
t is determined by maximising the Nash Product

max
w i

t

�
SH;i

t

� � i �
SF;i

t

� 1� � i

(2.3.4.1)

where SH;i
t and SF;i

t are defined by equations 2.3.2.10 and 2.3.3.8 respectively, and
where � i 2 (0; 1) is the relative bargaining power of a worker in sector i . The first
order condition with respect to wi

t results in
�
1 � � i

�
SH;i

t =
�
1 � � i

�
� i SF;i

t (2.3.4.2)

Using the real wage, equation 2.3.3.7, the equation characterising the household surplus,
equation 2.3.2.10 and the Nash Bargaining solution, equation 2.3.4.2, we can derive the
specific form of the sector i real wageas
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(2.3.4.3)

That is, the real wage of the marginal worker in sector i is the weighted average between
the worker’s real marginal revenue product plus the cost to the firm of replacing the
worker and any outside options the worker has, as well as the opportunity cost of
working.

2.3.5 Arbitrage Condition

Recall that in chapter 1, we derived the relation

�
1 � � F

�
 

� F

1 � � F

!

� F � F
t =

�
1 � � I

�
 

� I

1 � � I

!

� I � I
t (2.3.5.1)

as the arbitrage condition that governs the reallocation of labour between the formal
and informal sectors in the case of Complete Labour Mobility. It shows that the
sectoral labour tightness are equalised up to a wedge term reflecting the differences
in bargaining power and vacancy costs. Equation 2.3.5.1 therefore represents an extra
equilibrium equation in the Complete Labour Mobility version of the model, however,
the arbitrage condition is not relevant, as there is no labour reallocation between the
sectors. This is the main mechanism that drives the differences between the Complete
Labour Mobility and the No Labour Mobility versions of the model.
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2.3.6 Retail Firms

Once again, the set up of the retail firm is the same for both the Complete Labour
Mobility and the No Labour Mobility versions and has been comprehensively discussed
in chapter 1, so for brevity, we only restate the retail firm’s problem and the relevant
equations and refer the reader to chapter 1 for further details. The production function
of retail firm j in sector i is a one-to-one technology given as

Y i
t (j ) = Y i;W

t (j ) (2.3.6.1)

where Y i;W
t (j ) is the amount of sector i wholesale goods purchased by the retail firm

j in sector i . We assume that each sector i retail firm sets prices following a staggered
pricing mechanism à la Calvo (1983). 10 Each firm faces an exogenous probability of
changing prices given by

�
1 � ! i � in a period.11 The decision problem is
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subject to

Y i
t+ k (j ) =

 
P i

t (j )
P i

t+ k

! � 
 i

Y i
t+ k (2.3.6.3)
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is the stochastic discount factor. Y i
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t is the total demand for good j of sector i retail firm j
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t is demand function of government’s

purchases of good j of sector i . Therefore, the optimal reset price for sector i retail
good is given by
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where P i �
t (j ) is the chosen retail price by the re-optimising sector i retail firm j at

time t and � i = 
 i


 i � 1 , since
P i;W

t + k (j )

P i
t + k

= mci
t+ k (j ). Thus, the current price chosen by the

re-optimising sector i retail firm is a mark-up over the present value of the marginal
costs of sector i retail good. In steady-state, the price of sector i retail good is a mark-

10 Alternative ways of modelling price rigidities include the use of Taylor contracts (Chari et al., 2000)
or by using convex price adjustment costs, with no staggering (Hairault & Portier, 1993; Rotemberg,
1996).

11 This implies that the average duration for which prices are left unchanged is given by
�

1
1� ! i

�
.
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up � i = 
 i


 i � 1 over the marginal costs (i.e. the price of sector i wholesale good). A
log-linearisation of equation 2.3.6.4 around the zero inflation steady-state would yields
the sectoral New Keynesian Phillips Curve.

2.3.7 Monetary Policy and Government

It is assumed that the nominal interest rate is using the simple Taylor rule

i t = �i (1 + Et � t+1 ) � � e" i
t (2.3.7.1)

where � � is the Taylor-rule coefficient and " i
t evolves according to " i

t = � i " i
t � 1 + %i

t with
0 � � i � 1 and %i

t � N
�
0; � 2

i
�
. The government finances government consumption

Gt and unemployment benefits, b by imposing wage income taxes at a rate of � i on
households. Each period, the government maintains a balanced budget by imposing a
lump-sum tax (transfer), Tt . Hence, the government budget constraint is given as

� F Pt wF
t N F

t + � I Pt wI
t N I

t + Pt Tt = Pt Gt + Pt b(1 � N t ) (2.3.7.2)

2.3.8 Market Clearing and Aggregation

In equilibrium, all markets clear and the model is closed with the following sectoral
identity:

Y i
t = C i

t + Gi
t + � i vi

t (2.3.8.1)

And given that we assume that government purchases are composed only of formal
sector retail goods, the resource constraints of the two sectors are

Y F
t = CF

t + GF
t + � F vF

t (2.3.8.2)

Y I
t = C I

t + � I vI
t (2.3.8.3)

Aggregate (real) output in the economy is defined as

Yt = pF Y F
t + pI Y I

t (2.3.8.4)

where pF = P F

P and pI = P I

P are the steady-state values of the relative prices of formal
and informal retail goods respectively.

Please, refer to A for the full set of equilibrium equations for the Complete Labour and
No Labour Mobility variants of the model.
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2.4 Steady State of the Model

We now define the steady state values of the endogenous variables of our models. The
steady state of a New Keynesian model is purely supply-driven. So, in order to find the
steady state solution for wages, employment, unemployment and so on, we do not need
demand because prices have adjusted. So, the consumer or demand side of our model
is not relevant. We do not need the New Keynesian Phillips Curve (NKPC). Instead,
prices are set as mark-up over marginal costs. So, the expression mc = 1

� replaces the
NKPC.

We have already outlined the steady state and its solution for the Complete Mobility
model in chapter 1. Hence, for the sake of brevity, here we would only outline the
steady state and solution of the No Mobility model.

Appendix B outlines the full set of equations that define the steady-state of the No
Labour Mobility model. The relevant equations for solving the steady-state of the
model can be reduced to the following equations:
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C =
��

1
g

�
zF A + (1 � � F )� F � F

�
N F + [ zI A + (1 � � I )� I � I ]N I � � S� F � F �

�
1 � � S

�
� I � I (2.4.0.3)

where � F = 0 :25 and � I = 0 are the tax rates for formal and informal wage respectively.

So, we have 3 equations, 3 unknowns: � F , � I and C.
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As in the Complete Mobility model, equations 2.4.0.1 and 2.4.0.2 are derived by com-
bining the respective sectoral relations for real wages, dynamic job creation, evolution
of labour, number of searchers, vacancy filling rate and job finding rate. Similarly,
equation 2.4.0.3 is derived by combining the relations for aggregate and sectoral re-
source constraints, sectoral labour market tightness, government spending, sectoral
number of searchers and sectoral production functions. Unlike the Complete Mobility
model, we do not have an arbitrage condition and an equation characterising endoge-
nous determination of sectoral labour force, as the sectoral labour force is fixed. We
set the values of formal and informal labour force to match the steady-state values in
the Complete Mobility model. That is, � S = L F and

�
1 � � S

�
= L I . In doing so,

we can see that keeping all the other exogenous parameters the same as the Complete
Mobility model, we see that the non-stochastic steady state of the No Mobility model
is is identical to that of the Complete Mobility model. We employ similar numerical
and analytical solution techniques as we used in the Complete Mobility model. Given
the values of the parameters � S, � F , � I , � F , � I , � F , � I , � F , � I , � , ' , 
 , g ,b, and �

with � = 1
1+ r , mcF = 1

� F = 
 F � 1

 F and mcI = 1

� I = 
 I � 1

 I , we can numerically solve the

system of equations 2.4.0.1 to 2.4.0.3 to pin down � F , � I and C. We can then compute
the steady-state formal and informal sector searchers using sF = � S � (1 � � F )N F and
sI =

�
1 � � S

�
�

�
1 � � I

�
N I . We can subsequently compute the sectoral job finding

rate using the steady-state form of the sectoral law of motion, f i = � i N i

si . Knowing
the values of f i and � i , we can analytically compute the implied value of � i using

f i =
�

1 +
�
� i � � � i

� � 1
� i

. The rest of the steady-state endogenous variables follow di-

rectly, as they are all functions of � F , � I , N F , N I , N , C, f F , and f I .

2.5 The Loglinearised Model

To loglinearise the model, we define x̂ t as the approximate percentage deviation of a
variable X t from its non-stochastic steady state value X as ln (X t ) � ln (X ) = ln

�
X t
X

�
�

X t � X
X � x̂ t .

2.5.1 The Sectoral Phillips Curve

As in chapter 1, we obtained the sectoral New Keynesian Philips Curve for sector i by
loglinearising equation 2.3.6.4 around a zero inflation steady state as

� i
t = �E t � i

t+1 + �� i cmci
t (2.5.1.1)
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where �� i = (1� ! i )(1� �! i )
! i . Note that � t = �̂ t = p̂t � p̂t � 1 and � i

t = �̂ i
t = p̂i

t � p̂i
t � 1.

The sectoral marginal cost is obtained by loglinearising equation 2.3.3.6 as
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�
(2.5.1.2)

where wi and � i are steady state values of sectoral real wage and sectoral hiring costs
respectively.

2.5.2 Aggregate Inflation

Aggregate inflation is derived by loglinearising the aggregate consumer price index
(CPI), to get

� t = � F � F
t + (1 � � F ) � I

t (2.5.2.1)

Alternatively, the relationship between aggregate and sectoral inflation can be derived
as

� t = � F
t +

�
1 � � F

� F

� �
p̂I

t � p̂I
t � 1

�
(2.5.2.2)

where p̂i
t is the loglinearised version of the sectoral relative price pi

t = P i
t

Pt
and gross

sectoral inflation is defined as � i
t = P i

t
P i

t � 1
.

2.5.3 The Investment-Saving (IS) Curve

The New Keynesian IS curve is derived by loglinearising our Euler equation (equation
2.3.2.7) around the zero inflation steady state as

ĉt = E t ĉt+1 �
1



�
î t � E t � t+1

�
+ "̂D

t (2.5.3.1)

Also, using the sectoral relative prices, the loglinearised sectoral consumption demand
functions are

ĉF
t = ĉt + �

�
1 � � F

� F

�
p̂I

t (2.5.3.2)

ĉI
t = ĉt � � p̂I

t (2.5.3.3)

Appendix C outines the full set of loglinearised equilibrium equations for the No Labour
Mobility model.
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2.6 Simulation and Quantitative Exercise

2.6.1 Calibrations and Parametrisation

The model is calibrated at a quarterly frequency to match the frequency of our data.
To be able to examine the quantitative impact of labour reallocation across the formal
and the informal sectors, we use the exact calibration for both models. This allows
us to attribute any qualitative and quantitative divergence in the responses of the
two models to entirely to the effects of intersectoral labour mobility. We also take
seriously the contention that simulations derived from calibrated NK-DSGE models
are mostly sensitive to the arbitrarily chosen parameter values. To address this, we
follow Pappa (2005) and Dedola and Neri (2007), we employ a calibration method that
accommodates a wide range for some parameters, reflecting the reasonable level of
uncertainty over the values of these parameters. That is, we make the assumption that
the parameters of the model are uniformly and independently distributed over a fairly
wide range encompassing values mostly used in the DSGE calibration and estimation
literature. We decompose the vector of parameters, ~� =

�
~� 1; ~� 2

�
where ~� 1 represents

the set of parameters which are fixed to a specific value, owing either to restrictions by
steady state considerations or an attempt to avoid indeterminacies, while ~� 2 is the set
of parameters that are allowed to vary within a range.

We set the quarterly real interest rate to 1.8 percent,12 implying an annual real interest
rate of approximately 7.4 percent, which is equal to the average annual real13 yield on
a 91-Day Treasury Bill for Ghana from 2009 to 2018 according to Bank of Ghana
(2020).14 The value of the discount rate,15 � is set to 0.9823 in line the quarterly
interest rate of 1.8 percent. The average total unemployment rate of Ghana from 1991
to 2020 is approximately 6.216 percent (World Bank, 2020). Our benchmark calibration
will however target a steady-state total unemployment rate of 12.5 percent. Thus,
U = UF + U I = 0 :125. In doing so, we follow the practice of some authors, including
Krause and Lubik (2007) and Petrosky-Nadeau (2014) who argue that, since the model
does not take into account non-participation, the target steady-state unemployment
rate must be greater than the rate of unemployment gleaned from the data. They
set their steady-state unemployment rates to 12 and 10 percent respectively. It is
common to find even higher aggregate steady-state unemployment rates in business

12 Computed using (1 + quaterlyinterestrate) 4 = (1 + annualinterestrate)
13 In�ation adjusted.
14 Central Bank of Ghana.
15 Computed as � = 1

1+ ( r ( A ) =400 )
16 Author's calculation from �gures from World Bank (2020).
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cycle models with search and matching frictions in the literature. Andolfatto (1996)
used 58 percent, while Trigari (2009b) used 25 percent. Since, the total labour force in
our model is made up of the total employment and total unemployment, i.e. L = N + U,
the implied target aggregate steady-state employment, N is set to 0.875 as the total
labour force, L is normalised to 1. Also, about 60 percent of the workforce in Ghana is
employed in the informal sector (Ghana Statistical Services, 2015).17 Consequently, one
of our calibration targets is for steady-state formal employment to be approximately
40 percent of aggregate employment. Computations using values from Ackah et al.
(2014, p. 4) show that the ratio of average formal sector earnings to informal sector
earnings in Ghana is about 1.55. We therefore target steady-state formal sector wage
to informal sector wage, wF

w I of 1.55.

Medina et al. (2017) estimated the size of the informal economy of SSA countries from
1991 to 2014. They concluded that the average annual contribution of the informal
sector is 40 percent as a percentage of GDP for the low income countries in the region
and 35 percent for its middle income economies. The size of the informal sector is
however over 40 percent of GDP for the oil exporting economies in the region. In a later
study, Medina and Schneider (2018) employed multiple techniques to estimate the size
of the informal economy of 158 countries, including Ghana. They estimated the average
size of the informal economy in Ghana to be 42.91 percent of GDP using data from
1991 to 2015. This is consistent with that of Asiedu and Stengos (2014) who estimated
the long-run average size of the shadow economy in Ghana to be over 40 percent of
GDP for the period 1983-2003. Accordingly, we choose the values for the steady-state
productivities of the formal and informal sectors to match the target steady-state ratio
of informal sector output to aggregate output of 43 percent in line with the estimate
of Medina and Schneider (2018). So, following Zenou (2008), we assume that the
formal sector is more productive than the informal sector because of access to better
technology mostly due to greater access to infrastructure. The implied formal sector to
informal sector productivity ratio for zF A

zI A our model is around 1.99. To achieve this,
we set A = 1 :99, zF = 1 and zI = (1 =1:99). The formal to informal sector productivity
ratio of around 2 is about four times lower than that of Docquier and Iftikhar (2019) for
SSA countries, but same as that of Charlot et al. (2015) for Brazil and Fernández and
Meza (2015) for Mexico. Loayza and Rigolini (2006), Porta and Shleifer (2008) and
Oviedo et al. (2009) show that the productivity gap between formal and informal firms
is enormous. Benjamin and Mbaye (2012) documents a negative relationship between
informality and firm productivity in West African economies. According to empirical

17 The 2015 National Employment Report of the Ghana Statististical Services.
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evidence, the difference in productivity between formal and informal firms in emerging
market and developing economies is between 30 percent and 216 percent (Perry et al.,
2007; Porta & Shleifer, 2008). This underscores the importance of productivity growth
in the formal sector to boost economic growth (Cooper & Lewis, 2004; Banerjee &
Duflo, 2005).

In the absence of any information on the bargaining power or workers in Ghana, we
follow the recommendations of Satchi and Temple (2009) who suggest a bargaining
power of around 0.70 when dealing with an economy where the informal sector makes
up over 30 percent of the workforce. Hornstein et al. (2005) and Docquier and Iftikhar
(2019) chose the value of 0.72 for some SSA countries. We therefore set the bargaining
power for formal workers to vary between 0.70 and 0.80. Thus, � F 2 [0:70; 0:80].
It suggests that formal workers get a larger proportion of the gains from successful
matches. This makes intuitive sense because in Ghana, three out of four jobs in the
formal sector are unionised (Assens & Jensen, 2003). We then set the value of the
informal bargaining power to vary between 0.40 and 0.60, based on the average value
of 0.50 widely used in the search and marching literature including studies by Shimer
(2005) and Albrecht et al. (2019). Thus, � I 2 [0:40; 0:60].

Again, we do not have access to job separation data for Ghana and other SSA. Bosch
and Esteban-Pretel (2012), however, provide empirical evidence of higher average job
separation rate in the informal sector compared to the formal sector. Bosch and Mal-
oney (2008) and Shapiro (2015) set the informal job destruction rate at 0.06 and the
formal job destruction rate at 0.03 corresponding to the respective annual rates of 26
percent and 13 percent, and in line with the annual rates of Ulyssea (2010). Based on
these values, we set the formal job destruction rate to vary between 0.02 and 0.04, i.e.,
� F 2 [0:02; 0:04] and the informal job destruction rate to vary between 0.05 and 0.07,
i.e., � I 2 [0:05; 0:07]. We can then use the hiring equilibrium conditions to compute
respective implied steady state job finding rates for both sectors. In steady-state, the
job destruction rate in existing matches multiplied by the number of matches in sector
i must be equal to sector i job finding rate multiplied by the number of searchers in
sector i . Thus, in steady-state, we must have � i N i = f i si for i 2 (F; I ).

Unemployment benefits in the literature for advanced or emerging market economies
is usually used to represent the monetary value of leisure, non-working activities or
home production, including any monetary compensation paid to unemployed workers
by the state in the form of unemployment or income support programmes. However,
in Ghana there is no such social security unemployment benefit, according to ILO

123



(2022).18 Therefore, Lain (2019) set the value of b to 0. Clearly, this does not consider
the value of leisure and home production. We therefore depart from this and set
b > 0. The actual value of b is calibrated to meet steady-state targets. The average
total government consumption as a percentage of GDP for Ghana from 2000 to 2019
is approximately 10 percent (World Bank, 2021). We therefore set the value of g

to meet this target in steady-state. Recall that in our model economy, we define
G =

�
1 � 1

g

�
Y . We consider our assumption that government purchases are composed

only of formal retail goods and our steady-state formal output to total output ratio
of 0.57 (i.e. Y F = 0 :57Y ), we set the value of g to 1.21 to match the government
consumption to total output ratio of 10 percent. The average personal income tax in
Ghana is about 25 percent (GRA, 2021).19 We therefore set our formal labour income
tax rate, � F to 0.25. The informal sector in Ghana is mostly untaxed, so we set our
informal labour income tax rate, � I to 0.00.

The value of the elasticity of substitution of consumption of formal and informal goods
drives the dynamics of formal and informal consumption, which makes the choice of
a correct value vital. To the best of our knowledge, there is no estimates of elasticity
of substitution of consumption between formal and informal goods for SSA countries.
Hence, the choice of the right value for this parameter is a judgement call. The choice
of an appropriate value depends on our view of the degree of complementarity or sub-
stitutability between these goods. The larger the value of � , the greater the degree of
substitutability between formal and informal retail goods. As � ! 0, the higher the
degree of complementarity of the two goods. If � = 0 , then both retail goods have to
be in a fixed proportion. The degree of substitutability or complementarity depends on
whether formal sector and informal sector firms sell their output in similar or distinct
markets. In our model economy, there is no sectoral overlap between firms operating in
both sectors. However, the retail output of both sectors is sold to households. Hence, a
higher value or lower value of � is plausible. Restrepo-Echavarria (2014) and Fernández
and Meza (2015) set the elasticity to a very high value to 8 for Mexico arguing that
that formal and informal goods are close substitutes in the context of Latin America
because they observed that the informal goods sold in large metropolitan areas are
similar to formal goods. Some studies, including Anand and Khera (2016) and Khera
(2016) for India and Munkacsi and Saxegaard (2017) for South Africa set the value to
1.5, which is a value commonly used in the literature for the elasticity of substitution
between traded and non-traded goods. The argument here is that formal goods are

18 International Labour Organisation.
19 Ghana Revenue Authority.
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mostly traded and informal goods are mostly non-traded.20 Colombo et al. (2019)
followed Epstein and Shapiro (2017) and set the value at 5 for a cross-section of high
income and non-high income countries. Gabriel et al. (2011) estimated the value to
be between 1.13 and 1.76 for the Indian economy and Ahmed et al. (2012) sets the
value at 0.70 for Pakistan. For our calibration, we set the value at a range that encom-
passes most of these different values in the literature, i.e., � 2 [0:5; 5:0]. This choice,
however, suggests that there is a lower degree of substitutability between formal and
informal goods in Ghana compared to Mexico. The informal sector in Ghana is largely
made up of self-employed workers, small food processors, street vendors, subsistence
farmers and fishermen, artisans, petty-traders, artisans, head-porters ("kayayei") and
so on. The formal sector is dominated by large firms, multinational organisations, large
supermarkets and malls, etc. While some of the consumption goods and services they
provide can be sold by the large supermarkets and malls in the formal sector, there are
very few of them in Ghana. On the other hand, goods such as electronic consumables
sold by large malls and supermarkets are sometimes sold in smaller quantities at lower
prices by small-scale vendors in the informal sector because they do not pay taxes.
Some studies, including Fernández and Meza (2015) set one value and then conduct
robustness checks using lower and higher values. This is inherent in our approach of
choosing a range instead of a value.

We do not have current estimates for the elasticity of substitution intertemporal elas-
ticity of substitution in consumption for Ghana or any SSA economy. However, Ogaki
et al. (1996) estimated the intertemporal elasticity of substitution in consumption for
a set of countries, including Ghana. Their estimate for Ghana was 0.45 (i.e., inverse
is � 2:2) and the average for low income countries was 0.34 (i.e., inverse is � 2:94).
Duncan (2003) estimated the value to range between 0.46 (i.e., inverse is � 2:18) and
0.56 (i.e., inverse is � 1:79) for the Chilean economy based on data from 1986-2002.
We set household’s utility curvature with respect to aggregate consumption to vary
between 1 and 3, i.e. 
 2 [1:0; 3:0], implying an intertemporal elasticity of substitu-
tion in consumption of between 1=3 and 1. This range captures the value inverse of
intertemporal elasticity of substitution of 2.68 set by Bi et al. (2016) and the value
of 2 commonly used in the literature including by Devereux et al. (2006), Aguiar and
Gopinath (2007), Garcia-Cicco et al. (2010) and Anand et al. (2015) for developing
countries, although it is slightly more than the value of 0.2 set by Agénor and Montiel
(2015) for low income countries. Again, we do not have estimates of the elasticity of
labour supply in Ghana and other SSA countries. However, Bi et al. (2016) set the

20 Fugazza and Fiess (2010) and Agénor and Aizenman (1999) make a similar assumption.
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inverse of the Frisch elasticity of labour supply to 3.54 for developing countries, while
Peiris and Saxegaard (2007) sets the value to 1.5 for low income countries and Berg et
al. (2010) uses the value of 2 for Uganda. Anand et al. (2015) sets the value at 2 for
a developing country. Given these values, we set the value of the inverse of the Frisch
elasticity of labour supply to vary between 1 and 3.54, i.e. ' 2 [1:0; 3:54]. This range
captures the value of 1.6 set by Boz et al. (2015) for emerging market economies, re-
flecting the relatively inelastic supply of labour in developing countries. Mitra (2013),
however, uses a value of 3 for a developing country with a large informal sector that
contributes between 35 to 50 percent of GDP.

The standard Calvo price-stickiness parameter value used in the DSGE literature is 0.75
(see Smets and Wouters (2007) , Ascari and Sbordone (2014), among others), implying
a contract length of 4 quarters. However, Buffie et al. (2018) estimated the average
Calvo price-stickiness parameter for less-developed countries, arriving at a value of
0.50. Gabriel et al. (2011) estimated price-resetting to be higher in the informal sector
than the formal sector. We therefore set the formal Calvo price-stickiness parameter
to vary between 0.65 and 0.85, i.e., ! F 2 [0:65; 0:85], and that of the informal Calvo
price-stickiness parameter to vary between 0.15 and 0.35, ! I 2 [0:15; 0:35]. These val-
ues imply that formal firms on average keep their prices unchanged for about 3 to 7
quarters and the informal firms on average keep their prices unchanged for about 1 to 2
quarters. Having different Calvo-pricing parameter values for each sector is also consis-
tent with the views of Carvalho (2006), Barsky et al. (2007), Nakamura and Steinsson
(2010), Carvalho and Nechio (2011) and Pasten et al. (2020) who emphasised the im-
portance of having different degrees of price stickiness across sectors in a multi-sector
New Keynesian model, as it is crucial for the dynamic properties of the model. In-
tersectoral heterogeneity in price stickiness has a bearing on optimal monetary policy
(see Aoki (2001) and Eusepi et al. (2011)). Importantly, explicitly modelling hetero-
geneity in frequency of price adjustments generates significantly different dynamics for
aggregate variables compared with models that make the assumption that firms adjust
prices at an average frequency (Carvalho & Nechio, 2018). Most of the DSGE litera-
ture, including Millard (2011), Castillo and Montoro (2012) and Alberola and Urrutia
(2020) calibrated the value for Taylor-rule coefficient for inflation at 1.5. However,
Galí et al. (2004) and Mohanty and Klau (2005) set the value at 2. Accordingly, we
set the value of our Taylor-rule coefficient for inflation to vary between 1.4 and 2, i.e.,
� � 2 [1:4; 2:0]. In the absence of specific figures for Ghana and other SSA countries, we
follow the standard DSGE literature and set the values of the persistence of the aggre-
gate demand, aggregate supply and monetary policy shocks to vary between 0.6 and
0.9, i.e., � d; � s; � i 2 [0:60; 0:90]. This range captures the values of Batini et al. (2009),
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Batini et al. (2011), Castillo and Montoro (2012) and Alberola and Urrutia (2020). We
also assume a 1 percent standard deviation of all shocks. Since we cannot solve our
model analytically, we employ numerical methods. We choose the range of some set of
parameters based on available information in the NK-DSGE literature, specifically for
Ghana and/or SSA or long-term historical data on Ghana and other theoretical con-
siderations. However, because of the complexity of our model, we treat a small set of
parameters as “free parameters” that are free to take any values that ensures that the
model is solved without indeterminacy issues, bearing in mind the desired long-term
equilibrium ratios or steady state target ratios of the Ghanaian economy in table 2.2
below. We do this by conjecturing the a range for the “free parameters” and then solve
the model and check for indeterminacy and whether all the desired steady state targets
are met. We continue to adjust the ranges for each individual parameter in the set till
we reach a range outside of which the steady state targets are violated or there are
indeterminacies. In choosing the set of “free parameters”, we ensure that the set is as
small as possible and that they are parameters for which there is no available values
for Ghana or SSA and we cannot find typical values in the NK-DSGE and Search and
Matching literature. In our case, the set of “free parameters” consists of � F , � I , � F ,
� I and � . Table 2.1 is a summary of the parameter values used for the simulation of
the two models.
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Table 2.1: Summary of Parameter Values

Two-Sector Model
Parameter Description Range (or Value) Source (Justification)
� Discount factor 0.9823 To match the steady-state value of the short-term interest rate of 7.4%

�
Parameter governing the relative weight
of disutility of labour

[0.20, 0.60]
Set to meet steady state target ratios in table 2.2 and avoid
indeterminacies in model solution. See subsection 2.6.1 for detailed
explanation.

'
Inverse of the Frisch elasticity of labour
supply

[1.00, 3.54] Range based on values used by Berg et al. (2010), Anand et al. (2015),
Boz et al. (2015) and Bi et al. (2016).



Inverse of the intertemporal elasticity of
substitution in consumption

[1.00, 3.00]
Range based on values used by Ogaki, Ostry, and Reinhart (1996),
Ogaki and Park (1997), Peiris and Saxegaard (2007), Berg et al. (2012)
and Bi et al. (2016).

�
Elasticity of substitution between formal
and informal goods

[0.50, 5.00]
Range based on values used by Gabriel et al. (2011), Ahmad et al. (2012),
Anand and Khera (2013), Khera (2016), Munkasci and Saxegaard (2017)
and Colombo et al. (2019).

b
Unemployment benefit (or value of home
production)

[0.10, 0.30]
Set to meet steady state target ratios in table 2.2 and avoid
indeterminacies in model solution. See subsection 2.6.1 for detailed
explanation.

A Aggregate productivity 1:99
Jointly calibrated to meet target steady-state formal to total output
ratio of 0.57 and formal to total employment ratio of 0.40.

zF Formal sector-specific productivity 1.00 Jointly calibrated to meet target steady-state formal to total output
ratio of 0.57 and formal to total employment ratio of 0.40.

zI Formal sector-specific productivity (1/1.99) Jointly calibrated to meet target steady-state formal to total output
ratio of 0.57 and formal to total employment ratio of 0.40.

� F Formal job separation rate [0.02, 0.04] Range based on the value of 0.03 used by Bosch and Maloney (2008)
and Shapiro (2015).
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Table 2.1: Summary of Parameter Values

Two-Sector Model

� I Informal job separation rate [0.05, 0.07] Range based on the value of 0.06 used by Bosch and Maloney (2008)
and Shapiro (2015).

� F Formal worker bargaining power [0.70, 0.80]
Range based on the recommendations of Satchi and Temple (2009)
and the value of Hornstein et al. (2005) and that of Docquier and
Iftikhar (2019) for SSA countries.

� I Informal worker bargaining power [0.40, 0.60] Range based on the average value of 0.50 widely used value in
the Search and Matching Literature.

� F Formal sector labour income tax rate 0.25 To match the average personal income tax rate in Ghana.
� I Informal sector labour income tax rate 0.00 The informal sector in Ghana is mostly untaxed.

� F Formal sector vacancy posting cost [0.20, 0.40]
Set to meet steady state target ratios in table 2.2 and avoid
indeterminacies in model solution. See subsection 2.6.1 for detailed
explanation.

� I Informal sector vacancy posting cost [0.05, 0.15]
Set to meet steady state target ratios in table 2.2 and avoid
indeterminacies in model solution. See subsection 2.6.1 for detailed
explanation.

.

! F Calvo price-setting parameter for formal
sector

[0.65, 0.85]

Range set based on average value of 0.75 used for formal sector
in DSGE Literature including Gabriel et al. (2011). This value
along with the average value of 0.25 for the informal sector
ensures the economy-wide average is about the value 0.50
estimated by Buffie et al. (2018) for less-developed countries.*

129



Table 2.1: Summary of Parameter Values

Two-Sector Model

! I Calvo price-setting parameter for
informal sector

[0.15, 0.35]

Consistent with the fact that price-setting is comparatively higher
in the informal sector as estimated by Gabriel et al. (2011). Range
set based on average value of 0.25 used for informal sector in the
DSGE Literature. Gabriel et al. (2011) had a posterior estimate of
[0.57, 0.95] for the formal sector and [0.15, 0.43] for the informal
sector.

� � Taylor-rule parameter [1.40, 2.00] Range derived from commonly used values in the DSGE
Literature.

� s Persistence of technology shock [0.6, 0.9] DSGE Literature including Batini et al. (2011).
� d Persistence of demand shock [0.6, 0.9] DSGE Literature including Batini et al. (2011).
� i Persistence of monetary policy shock [0.6, 0.9] DSGE Literature including Batini et al. (2011).
� s Standard deviation of technology shock 0.01 DSGE Literature.
� d Standard deviation of demand shock 0.01 DSGE Literature.

� i
Standard deviation of monetary policy
shock

0.01 DSGE Literature.

*0:75
�

Y F

Y

�
� 0:25

�
Y I

Y

�
� 0:5

Table 2.2: Summary of Steady-State Target Ratios

Steady-State Target Description Target Ratio
Ratio Achieved
(CM Model)

Ratio Achieved
(NM Model)

Y F

Y Formal Sector output ratio 0.57 0.57 0.57
N F

N Formal Sector employment ratio 0.40 0.40 0.40
U Aggregate unemployment 0.125 0.125 0.125
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Table 2.2 continued from previous page

Steady-State Target Description Target Ratio
Ratio Achieved
(Two-Sector)

Ratio Achieved
(One-Sector)

G
Y Government Consumption to Output Ratio 0.10 0.10 0.10
A F

A I Productivity Ratio 1.99 1.99 1.99
wF

w I Wage Ratio 1.55 1.55 1.53
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2.6.2 Simulation Results

We perform Monte Carlo simulations where we make large draws of vectors of pa-
rameters from the parameter distributions in table 2.1 for the two models. We save
the impulse responses to a one percent positive aggregate demand, aggregate supply
(technology) and monetary policy shocks for each of the draws. We then compute the
median of the distributions of the saved draws of impulse responses to the shocks. This
is to rule out parameter combinations that generate extreme responses.

Impulse Response to Aggregate Demand Shock

Figure 2-1 displays the impulse response of aggregate output, aggregate employment,
aggregate unemployment, aggregate inflation, nominal and real interest rates of the
Model without Complete Labour Mobility (thick blue lines) and Model with No
Labour Mobility (thick red lines) to a one standard deviation positive aggregate
demand shock

�
"D

t "
�
, modelled as a preference shock. Figure 2-2 presents the impulse

responses for sectoral output, sectoral unemployment, formal labour force, informal
labour force, sectoral labour market tightness, sectoral hiring costs, sectoral wages,
sectoral marginal costs, and sectoral inflation. Appendix D shows the response of all
the other variables.

As discussed in chapter 1 for the (Two Sector) Complete Labour Mobility model, the
positive aggregate demand shock generates an increase in demand, which means sectoral
and aggregate output rise. Both formal and informal wholesale firms consequently
increase employment and post more vacancies, resulting an increase in the number of
new hires in order to increase output. The rise in vacancies in the informal sector is
more than in the formal sector (i.e., v̂F

t < v̂I
t ) because the marginal benefit (surplus)

of the wholesale firm from a new employment relationship rises more compared to that
of the formal wholesale firm, driven by our parameterisation which assumes that the
worker’s bargaining power in the informal sector is much less than in the formal sector
� I 2 [0:40; 0:60] < � F 2 [0:70; 0:80]. For this reason, as well as our assumption that the
unit cost of posting vacancies is much less in the informal sector, i.e. , � I 2 [0:05; 0:15] <

� F 2 [0:20; 0:40], we expect larger movements in employment in the informal sector
relative to the formal sector, all other things being equal. The arbitrage condition
(Jackman-Roper condition) in the model with complete labour mobility means that
the deviation of sectoral labour market tightness from their respective steady-state are
equalised, i.e. �̂ F

t = �̂ I
t . And since we have v̂F

t < v̂I
t , then the deviation of the number

of informal job searchers from its steady state value must be more than the deviation
of the number of informal job searchers from its steady state (i.e., ŝF

t < ŝI
t ), if the
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Jackman-Roper condition is to hold. This can only happen if households reallocate
workers from the formal to informal sector. Thus, formal labour participation falls and
informal labour participation rises (L F

t #; L I
t " ). So, the number of formal job searchers

falls (sF
t #) and the number informal job searchers rises (sI

t " ) on impact but quickly
falls, undershooting its steady state two quarters after the shock. As the the formal
and informal labour force readjust with time towards their respectively steady-states,
the number of sectoral job searchers also readjust. Overall, both formal and informal
job searchers and therefore aggregate number of job searchers fall over the lifetime of
the shock, although the fall in informal job searchers is less.

In the No Labour Mobility model, the rise in sectoral and therefore aggregate demand
due to the aggregate demand shock is not accompanied immediately by a rise in sectoral
and aggregate output. The shock on impact produces a huge crowding-out effect on
the number of created vacancies due to the resource constraints (see equation 2.3.8.1).
This is a consequence of our modelling and calibration of government purchases. Recall
that in modelling and calibrating government, the percentage of government purchases
is exogenously decided as a fixed percentage of total output (i.e., 10 percent). So,
the increase in demand, which results in an increase in consumption is immediately
counterbalanced by a sharp instantaneous decline in number of posted vacancies in both
sectors. However, consumption falls immediately in the next quarter, allowing sectoral
vacancies to rise sharply. Consequently, sectoral and aggregate hiring, employment and
output also rise in the next quarter after an initial marginal fall when the shock hit.
The rise in the number of vacancies created in both sectors of the No Labour Mobility
model is significantly more than in the Complete Labour Mobility model. The absence
of the Jackman-Roper condition in the No Labour Mobility model means that unlike
in the Complete Labour Mobility model, wholesale firms in each sector do not have
to take into consideration the job creation decision of the wholesale firms in the other
sector, as there is no requirement for the weighted labour market tightness of the sectors
be equalised. Consequently, there is no moderating influence on the number of new
vacancies the wholesale firms in each sector of the No Labour Mobility model create to
ensure that they secure successful matches. The only potential check on the number
of vacancies they create is the unit cost of vacancy creation. This explains why the
number of vacancies created in the informal sector is disproportionately greater than
in the formal sector, as we have assumed that � I 2 [0:05; 0:15] < � F 2 [0:20; 0:40].
So, the rise in aggregate number of vacancies in the No Labour Mobility model over
the lifetime of the shock is about five times that observed in the Complete Labour
Mobility model (see table 2.3). Since, sectoral and therefore aggregate employment rise
sharply after an initial marginal fall on impact, it follows that sectoral and therefore
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aggregate unemployment also fall sharply after an initial marginal rise on impact.
Recall that sectoral labour force participation is fixed in the No Labour Mobility model,
i.e., � S = N F

t + UF
t and

�
1 � � S

�
= N I

t + U I
t for the formal and informal sectors

respectively. Following the trajectory of sectoral and aggregate employment, sectoral
and therefore aggregate output rise sharply after an initial marginal fall on impact.
Again, the fall (rise) in aggregate unemployment (output) in the No Labour Mobility
model is considerably greater than in the Complete Labour Mobility model, driven by
the relative disproportionate increase in vacancies and hiring in the No Labour Mobility
model. The cumulative responses of aggregate unemployment, CRû =

P H
h=0 ût+ h in

the No Labour Mobility and the Complete Labour Mobility models in response to the
aggregate demand shock are -45.41 and -19.38 respectively, where H = 20 is the horizon
(quarters) we consider and beyond which the cumulative responses remain reasonably
invariant. And the cumulative responses of aggregate output, CRŷ =

P H
h=0 ŷt+ h in

the No Labour Mobility and the Complete Labour Mobility models in response to the
aggregate demand shock are 5.87 and 2.46 respectively. This implies that allowing
intersectoral labour mobility or reallocation between the formal and informal sectors
significantly dampens the responses of aggregate unemployment and aggregate output
in response to aggregate demand shocks. The marginal rise in sectoral unemployment
along with an even more marginal fall in sectoral new hires on impact means that
sectoral number job searchers rise marginally on impact (recall that, we have si

t = U i
t +

hi
t ). However, the number of job searchers in both sectors quickly decline till a trough

around the seventh quarter, after which they gradually rise towards their respective
steady states. Overall, sectoral and therefore aggregate number of job searchers decline
tremendously over the lifetime of the shock. Again, the fall in aggregate job searchers
in the No Labour Mobility model is close to three times that observed in the Complete
Labour Mobility model. This is driven by the fact that the fall in the number of
informal job searchers in the No Labour Mobility model is about ten times the fall in
the Complete Labour Mobility model.

The combined effect of the responses of formal and informal vacancies along with for-
mal and informal number of job searchers mean that on impact, labour market tight-
ness rises in both sectors of the Complete Labour Mobility model, while they both
marginally fall in the No Labour Mobility model. Over the entire horizon, however,
the significant rise in sectoral vacancies along with the greater fall in sectoral number
of job searchers in the No Labour Mobility model means that the rise in labour market
tightness in both sectors is greater in the former model. The difference is much pro-
nounced in the informal sector where the increase in the labour market tightness in the
No Labour Mobility model is about seven times that in the Complete Labour Mobility
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model over the lifetime of the shock. The implication is that the overall rise (fall) in
informal job finding (vacancy filling) rate is significantly larger in the No Labour Mo-
bility model compared to the Complete Labour Mobility model. Sectoral hiring costs
in the No Labour Mobility model falls on impact, driven by the initial rise in sectoral
vacancy filling rates. Sectoral hiring costs in the Complete Labour Mobility model
fall on impact despite that instantaneous fall in vacancy filling rates in both sectors.
This is possibly driven by the expectation that sectoral vacancy filling rates would
fall even further in the next period, implying that the expected future cost savings
from hiring in the current period is much larger. Sectoral hiring costs in both models,
however, quickly rise overshooting their respective steady states. Overall, there is a
net increase in informal hiring costs and net decline in formal hiring costs in the No
Labour Mobility model, while both sectors in the Complete Labour Mobility model
experience a net increase over the lifetime of the shock. The overall net fall in hiring
costs in the formal sector of the No Labour Mobility model is because unlike informal
hiring costs, formal hiring costs fall again in quarter 13 before gradually rising towards
steady state, following the paths of formal vacancies and consequently formal labour
market tightness that exhibit the same dynamics. The net effect of the responses of the
MRS, marginal product of labour, sectoral price mark-up and labour market tightness
means that formal real wage falls and informal real wage rise in the Complete Labour
Mobility model, while both formal and informal real wages fall on impact in the No
Labour Mobility model. Sectoral real wages in both models subsequently rise, leading
to a net increase in average real wages in both models. Overall, the rise in average
real wages in the No Labour Mobility model is about twice the rise in the Complete
Labour Mobility model. This is a consequence of the fact that the increase in informal
real wages in the former model is close to four times the rise in the latter model. The
instantaneous decline in sectoral hiring costs in both models drives down formal and
informal marginal costs on impact. Following the same path as sectoral hiring costs and
sectoral real wages, sectoral marginal costs immediately rise overshooting their respec-
tive steady states by the quarter after the shock, leading to a net increase in sectoral
and average real marginal costs in both models over the entire horizon. Overall, the
increase in average real marginal costs in the No Labour Mobility model is more than
double the rise in the Complete Labour Mobility model, principally driven by the fact
that the rise in informal real marginal costs in the former model is more than three
times the rise in the latter model. It can be observed that inflation in both sectors
rise on impact in both models, although the real marginal costs in both sectors de-
cline. This suggests that the expected future rise in inflation dominates the downward
pressure on current inflation from the initial decline in real marginal costs. Sectoral
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and therefore aggregate inflation in both models rise till a peak between the second
and fourth quarters, after which they gradually decline towards their respective steady
states. The central bank responds to the rise in aggregate inflation by increasing nom-
inal interest rate, which comes with an increase in real interest rate. The cumulative
responses of aggregate inflation, CR �̂ =

P H
h=0 �̂ t+ h in the No Labour Mobility and

the Complete Labour Mobility models in response to the aggregate demand shock are
13.37 and 11.85 respectively. This suggests that allowing intersectoral labour mobil-
ity or reallocation between the formal and informal sectors significantly dampens the
response of aggregate inflation in response to aggregate demand shocks.

In a nutshell, aggregate unemployment, aggregate output and aggregate inflation are
less responsive to an aggregate demand shock in the presence of intersectoral labour
mobility. The dampening effect in the model with Complete Labour Mobility is driven
by the arbitrage (Jackman-Roper) condition that requires that the deviation of formal
and informal labour market tightness from their respective steady states must equalise.
The Jackman-Roper condition limits the extent to which the number of vacancies can
deviate from their respective steady states after the shock. Job creating wholesale firms
in one sector of the Complete Labour Mobility model who are interested in securing
a successful match would have to take into consideration the job creation decision of
the wholesale firms in the other sector, as that impacts the number of job searchers
that households allocate to search for job in their sectors. So, the existence of the
Jackman-Roper condition exerts a moderating impact on the number of vacancies that
the wholesale firms in each sector of the Complete Labour Mobility model open when
there is a shock. The moderating effect on vacancies generated by the Jackman-Roper
condition is non-existent in the No Labour Mobility model, which means that wholesale
firms in the No Labour Mobility model are practically not constrained by the number
of vacancies they post. The only constraining force is the cost of posting vacancies.
Hence, the increase in sectoral and aggregate vacancies is disproportionately less than
in the Complete Labour Mobility model. Consequently, the increase in average labour
market tightness in the No Labour Mobility model is significant than in the Complete
Labour Mobility model, driven mostly by the disproportionate increase in the number
of informal vacancies in the No Labour Mobility model. This culminates in a smaller
fall (rise) in unemployment (employment) and a smaller rise in aggregate output in the
Complete Labour Mobility model compared to the No Labour Mobility model. The
disproportionately greater average labour market tightness in the No Labour Mobility
model due to the disproportionate rise in informal labour market tightness compared to
the Complete Labour Mobility model leads to a greater rise in average real wage, hiring
costs and average real marginal costs in the No Labour Mobility model. This explains
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the greater increase in inflation in the No Labour Mobility model. It is important
to note that, unlike in chapter 1, here the calibration is the same in both models,
so heterogeneity in sectoral price stickiness cannot be the driver of the differences in
inflation dynamics in the two models. The different dynamics here are driven by a
different mechanism; the Jackman-Roper condition.
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Figure 2-1: Simulated Impulse Responses to an Aggregate Demand Shock for the Two Sector Complete Labour Mobility and
Two Sector No Labour Mobility models.
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Figure 2-2: Simulated Impulse Responses to an Aggregate Demand Shock for the Two Sector Complete Labour Mobility and
Two Sector No Labour Mobility models.
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Impulse Response to Aggregate Supply (Technology) Shock

Figure 2-3 displays the impulse response of aggregate output, aggregate employment,
aggregate unemployment, aggregate inflation, nominal and real interest rates of the
Model without Complete Labour Mobility (thick blue lines) and Model with No
Labour Mobility (thick red lines) to a one standard deviation positive aggregate
productivity (technology) shock (A t " ). Figure 2-4 presents the impulse responses
for sectoral output, sectoral unemployment, formal labour force, informal labour force,
sectoral labour market tightness, sectoral hiring costs, sectoral wages, sectoral marginal
costs, and sectoral inflation. Appendix E shows the response of all the other variables.

A positive aggregate technology shock raises marginal labour productivity in both
sectors in the Complete Labour Mobility model, reducing sectoral marginal costs. This
results in a fall in sectoral and aggregate price levels and consequently a decline in
sectoral and aggregate inflation, as price-setting retail firms in both sectors cut prices.
The central bank responds by reducing nominal interest rate. For a given sectoral price
level, the higher marginal labour productivity allows wholesale firms in both sectors to
meet their existing demand with reduced labour input. Consequently, they reduce their
labour demand and post fewer vacancies. For the same reasons explained in the case
of the aggregate demand shock, here, we also expect larger movements in employment
and vacancies in the informal sector compared to the formal sector when the shock hits.
To ensure that the Jackman-Roper condition is not violated, the household reallocates
workers from the informal to the formal sector (L F

t " ; L I
t #) resulting in ŝF

t > ŝI
t , since

v̂F
t > v̂I

t . Thus, the number of formal job searchers (sF
t " ) rises and the number of

informal job searchers falls (sI
t #) on impact. The number of formal job searchers

continues to rise till a peak in quarter 4, after which it steadily declines towards its
pre-shock steady state. The number of informal job searchers, however, rises sharply
after the first quarter to overshoot its steady state and then starts declining gradually
towards its steady state after the fourth quarter. The combined effect is that aggregate
number of job searchers is practically unchanged on impact, but rises after the first
quarter to a peak in the fourth quarter before falling steadily towards its pre-shock
steady state. The implication is that sectoral and therefore aggregate employment and
vacancies fall and sectoral and aggregate unemployment rise on impact of the shock,
with the movements more pronounced in the informal sector than the formal sector.
The combined effect of increased sectoral marginal labour productivity and decreased
sectoral employment means a rise in sectoral and therefore aggregate output in response
to the shock. In other words, the increase in exogenous productivity in both sectors
is stronger than the associated respective rise in demand, leading to a fall in sectoral
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and therefore aggregate employment. The increase in output is more pronounced in
the formal sector, possibly due to the fact that the rise in aggregate productivity has
a greater impact on formal sector productivity (i.e., zF A "

t > z I A "
t ) due to a more

effective utilisation of aggregate technology by the formal sector in the production
process (i.e., zF > z I ). The responses of sectoral job vacancies and sectoral number of
job searchers means that formal and informal labour market tightness fall on impact
and cumulatively over the lifetime of the shock, which means a fall (rise) in sectoral
job finding (vacancy filling ) rates. Although vacancy filling rates in both sectors rise
on impact, formal and informal hiring costs experience a contemporaneous increase,
suggesting that the wholesale firms expect a further fall in tightness in period t + 1 ,
resulting in a greater decline in cost savings of not hiring a new worker in period t + 1 .
Sectoral hiring costs, however, fall sharply in the next period, resulting in an overall
cumulative fall in hiring costs in response to the shock. Given our calibration in table
2.1, the net effects of the responses of sectoral marginal productivity, sectoral price
mark up and sectoral labour market tightness leads to an initial rise in real wages in
both sectors, with a greater rise in formal sector wage, possibly owing to the fact that
we have zF A "

t > z I A "
t in response to the shock. Sectoral and therefore average real

wages, however, quickly fall after the immediate rise, resulting in an overall cumulative
decline in sectoral and average real wages over the lifetime of the shock.

Unlike in the Complete Labour Mobility model, in the No Labour Mobility model a
positive technology shock has a highly expansionary effect on employment on impact,
seemingly contradicting the standard prediction of the New Keynesian paradigm and
numerous empirical studies, including Shea (1998), Gali (1999), Francis and Ramey
(2005), Basu, Fernald, and Kimball (2006), Canova, Lopez-Salido, and Michelacci
(2007), Liu and Phaneuf (2007), Michelacci and Lopez-Salido (2007), Wang and Wen
(2007) and Whelan (2009) that technology shocks are contractionary on employment.
It must be stressed, however, that this effect is only transitory and overall sectoral and
aggregate employment cumulatively fall over the lifetime of the shock. Also, the impact
of a technology shock on employment is a priori ambiguous and there is little evidence
on the different impacts in developing as opposed to more developed economies. The
initial expansionary response of employment in our No Labour Mobility model can be
explained as follows. Just like in the Complete Labour Mobility model, the increase in
aggregate technology results in a rise in marginal labour productivity in both sectors.
However, it does not instantaneously drive down sectoral real marginal costs. Note that
unlike the frictionless labour market, in the presence of labour market friction, the real
marginal cost of the firm is given not only by the marginal productivity of a worker
(i.e., real wage divided by labour productivity, w i

t
zi A t

) but also a function of another
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component, the marginal hiring cost, � i
t which is a function of labour market tightness.

This makes the real marginal cost also dependent on the evolution of job searchers
(pre-hiring unemployment) and job vacancies. Krause and Lubik (2007) discuss that
extensively and our equation 2.3.3.6 demonstrates that. So, if aggregate technology in-
creases (A t " ), the real marginal cost does not necessarily fall. It depends also on what
happens to � i

t and the real wage, wi
t , which is also a function of labour market tightness

when there are hiring frictions, as can be seen in equation 2.3.3.5. What happens to � i
t

and wi
t also depends on what happens to vi

t and si
t . In the No Labour Mobility model,

the increase in exogenous productivity in both sectors on impact is not as strong as
the associated respective rise in demand, which means that employment in both sec-
tors rise on impact. Thus, sectoral vacancies rise and sectoral unemployment fall on
impact, leading a rise in labour market tightness in both sectors on impact. Since,
hiring costs increase in current labour market tightness, hiring costs in both sectors
also increase on impact of the shock, significantly more than in the Complete Labour
Mobility model. Real wages in both sectors in the No Labour Mobility model also
increase significantly on impact, leading to a significant rise in sectoral real marginal
costs on impact. Real wages in both sectors, however, begin to fall sharply after the
initial rise undershooting their respective steady states by the second quarter after the
shock as hiring costs and real wages fall, owing to the rapid fall in sectoral labour
market tightness, driven by the sharp decline in sectoral vacancies after their initial
rise. As can be seen in table 2.3, overall, real marginal costs in both sectors of the No
Labour Mobility model fall over the lifetime of the shock, with the fall in the informal
sector about nine times that in the formal sector, leading to an overall fall in average
real marginal cost. This differs from the Complete Labour Mobility model where the
fall in real marginal cost in the formal sector is marginally greater than in the informal
sector. Overall average real marginal costs fall more in the Complete Labour Mobil-
ity model than in the No Labour Mobility model. This can be explained by the fact
that, conspicuously as revealed by table 2.3, the change in hiring costs is cumulatively
positive in the No Labour Mobility model while it is negative in the Complete Labour
Mobility model. This is despite that fact that cumulatively, labour market tightness in
both sectors fall more in the No Labour Mobility model than in the Complete Labour
Mobility model, especially in the informal sector, driven by the fact that the cumu-
lative fall in job vacancies in the No Labour Mobility model is about five times that
in the Complete Labour Mobility model. The significant cumulatively positive change
in the hiring costs in the No Labour Mobility model is exclusively due to the fact
that the contemporaneous rise in the tightness in the No Labour Mobility model is
between six and seven times that in the Complete Labour Mobility model, driven by
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the massive rise in vacancy postings in the No Labour Mobility model compared to a
fall in vacancy postings in the Complete Labour Mobility model on impact. We can
intuitively explain the different contemporaneous reaction of sectoral vacancies in both
models as follows. Since wholesale firms in the No Labour Mobility model know that
households are unable to reallocate workers, they expect future vacancy filling rates
to fall (i.e., future labour market tightness to rise), driving up the future cost savings
from posting vacancies today (see last term in equation 2.3.3.5), thereby increasing the
current marginal surplus from a match (see appendix E). Hence, they post more va-
cancies to take advantage of the temporary rise in marginal productivity. This causes
current labour market tightness to increase. And since hiring costs increase in current
labour market tightness and decrease in future labour market tightness, hiring costs
rise significantly on impact in the No Labour Mobility model. On the other hand, since
wholesale firms in the Complete Labour Mobility model know that household are able
to reallocate workers, they expect future vacancy filling rates to rise (i.e., future labour
market tightness to fall), driving down the future cost savings from posting vacancies
today to the extent that the current marginal surplus from a match declines, despite
the increase in productivity. Hence, they post fewer vacancies, leading to a fall in cur-
rent labour market tightness. Hiring costs, then only increase marginally on impact as
the initial positive effect of the fall in Et � i

t+1 marginally outweighs the negative effect
of the fall in � i

t . The increase in sectoral labour market tightness in the No Labour
Mobility model on impact leads to a contemporaneous fall in sectoral unemployment,
with the fall in informal unemployment disproportionately higher than formal unem-
ployment, since informal wholesale firms post disproportionately more vacancies on
impact. Formal and informal unemployment, however, sharply rise overshooting their
respective pre-shock steady states before gradually falling towards steady states after
reaching a peak around the fifth and seventh quarters respectively. Overall, aggregate
unemployment in the No Labour Mobility model rises about twice as much as in the
Complete Labour Mobility model over the lifetime of the shock. As can be seen in
table 2.3, the cumulative responses of aggregate unemployment CRû =

P H
h=0 ût+ h in

the No Labour Mobility and the Complete Labour Mobility models are 8.55 and 4.95
respectively, suggesting that conditional on positive aggregate technology shocks, the
ability to reallocate workers between the formal and informal sectors had a dampening
effect on aggregate unemployment fluctuations. This is driven principally by the fact
that the cumulative fall in informal labour market tightness in the No Labour Mobil-
ity model is over five times that in the Complete Labour Mobility model. As stated
earlier, the rise in exogenous productivity in the No Labour Mobility model is instan-
taneously met with a stronger rise in demand, culminating in an contemporaneous rise
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in employment in both sectors. However, as demand subsides, the strength of the pro-
ductivity outstrips the demand, causing employment to fall. Overall, it can be seen
from table 2.3 that aggregate employment falls by more cumulatively in the No Labour
Mobility model, but aggregate output rises by more cumulatively than in the Com-
plete Labour Mobility model, suggesting that overall the effect of the productivity rise
is stronger in the No Labour Mobility model. The cumulative responses of aggregate
output CRŷ =

P H
h=0 ŷt+ h in the No Labour Mobility and the Complete Labour Mobil-

ity models are 3.14 and 3.01 respectively, suggesting that intersectoral labour mobility
dampens the response of aggregate output to a positive aggregate technology shock.
This can be explained by taking a closer look what happens to informality rate in both
models as a result of the aggregate productivity increase. The informality rate is the
proportion of aggregate employment that is made up of informal employment (i.e., N I

t
N t

or n̂I
t � n̂t in deviations from steady states). It can be seen from appendix E and table

2.3 that over the entire horizon, the informality rate falls about three times as much in
the No Labour Mobility model as in the Complete Labour Mobility model. This means
that the composition of total employment which is made up of formal employment rises
significantly more in the No Labour Mobility model compared to the Complete Labour
Mobility model. And since the rise in aggregate productivity has a greater impact on
formal sector productivity (i.e., zF A "

t > z I A "
t ) due to a more effective utilisation of

aggregate technology by the formal sector in the production process (i.e., zF > z I ),
aggregate output rises more in the No Labour Mobility model than in the Complete
Labour Mobility model. That is, despite the fact that employment falls more in the
No Labour Mobility model, most of it is in the informal sector, which is relatively less
productive. It can also be observed in table 2.3 that there is a greater cumulative
rise in formal output in the No Labour Mobility model and a greater cumulative rise
in informal output in the Complete Labour Mobility model. Owing to the ability to
reallocate workers in the Complete Labour Mobility model, workers who are separated
from formal employment can be absorbed into informal employment, thereby reduc-
ing the rate of decline in informality rate compared to the No Labour Mobility model
where the only option is to enter into formal unemployment. The overall deflation-
ary impact of the aggregate technology shock is more pronounced in the No Labour
Mobility model compared to the Complete Labour Mobility model. The cumulative
responses of aggregate inflation CR �̂ =

P H
h=0 �̂ t+ h in the No Labour Mobility and the

Complete Labour Mobility models are -3.21 and -3.10 respectively, suggesting that in-
tersectoral labour mobility dampens the response of aggregate inflation to a positive
aggregate technology shock. This is mainly due to the fact that the cumulative fall
in informal inflation in the No Labour Mobility model is over three times that in the
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Complete Labour Mobility model. This is itself a consequence of the fact that informal
real wage falls cumulatively over four times as much in the No Labour Mobility model
as it does in the Complete Labour Mobility model and the cumulative fall in informal
real marginal cost in the No Labour Mobility model is about twice as in the Complete
Labour Mobility model.

To sum up, we find that intersectoral reallocation of labour between the formal and
informal labour markets makes aggregate unemployment, aggregate output and ag-
gregate inflation less responsive to a positive aggregate technology shock. While the
temporary productivity improvement means that on the whole, firms are able to meet
existing demand by using less labour input, allowing them to post fewer vacancies on
the whole, the presence of the Jackman-Roper condition in the Complete Labour Mo-
bility model exerts a moderating influence on the extent to which wholesale firms in
the Complete Labour Mobility model decrease their vacancy postings. This is because
if a job creating wholesale firm in one sector of the Complete Labour Mobility model
is interested in securing a successful match, it would have to take into consideration
the job creation decision of the wholesale firm in the other sector, as that impacts the
number of job searchers that households allocate to search for a job in that sector.
Consequently, the wholesale firms in the Complete Labour Mobility model do not re-
duce the number of vacancies as much as those in the No Labour Mobility model, as
the latter is not constrained by the Jackman-Roper condition. For the same reasons
explained in the case of the aggregate demand shock, we expect larger movements in
employment and vacancies in the informal sector compared to the formal sector. Thus,
the decline in vacancy postings in the formal sector is less than in the informal sector
in the Complete Labour Mobility model, incentivising households to reallocate workers
from the informal to the formal sector thereby causing the increase in number of job
searchers in the informal sector to be much less than in the formal sector in the Com-
plete Labour Mobility model. This leads to a smaller rise in aggregate number of job
searchers in the Complete Labour Mobility model. The consequence of a greater decline
in aggregate vacancies alongside a greater rise in aggregate number of job searchers in
the No Labour Mobility model is that the decline in sectoral and average labour market
tightness is deeper in the No Labour Mobility model compared to the Complete Labour
Mobility model. This leads to a greater rise (fall) in aggregate unemployment (employ-
ment) in the No Labour Mobility model compared to the Complete Labour Mobility
model. Again, due to the Jackman-Roper condition, the decline in vacancy postings in
both sectors is less in the Complete Labour Mobility model, which means the decline
in informal employment is more in the No Labour Mobility model, culminating in a
greater fall in informality rate in the No Labour Mobility model. Thus, the shock

145



causes the composition of formal employment in total employment in the No Labour
Mobility model to rise more than in the Complete Labour Mobility model. And since
the rise in aggregate productivity has a greater effect on formal sector productivity
than informal sector productivity, the cumulative increase in aggregate output is more
in the No Labour Mobility model compared to the Complete Labour Mobility model.
While the absence of the Jackman-Roper condition means that labour market tightness
falls more in the No Labour Mobility model, the fall is more pronounced in the infor-
mal sector where the fall in tightness is over five times the fall in the Complete Labour
Mobility model. This leads to a relatively disproportionate fall in informal wages and
informal real marginal costs and consequently about three times the decline in informal
inflation in the No Labour Mobility model compared to the Complete Labour Mobility
model. Hence, aggregate inflation falls more in the No Labour Mobility model.
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Figure 2-3: Simulated Impulse Responses to an Aggregate Supply (Technology) Shock for the Two Sector Complete Labour
Mobility and Two Sector No Labour Mobility models.
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Figure 2-4: Simulated Impulse Responses to an Aggregate Supply (Technology) Shock for the Two Sector Complete Labour
Mobility and Two Sector No Labour Mobility models.
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Impulse Responses to Monetary Policy Shocks

Figure 2-5 displays the impulse response of aggregate output, aggregate employment,
aggregate unemployment, aggregate inflation, nominal and real interest rates of the
Model without Complete Labour Mobility (thick blue lines) and Model with No
Labour Mobility (thick red lines) to a one standard deviation positive monetary
policy shock

�
" i

t "
�
. Figure 2-6 presents the impulse responses for sectoral output, sec-

toral unemployment, formal labour force, informal labour force, sectoral labour market
tightness, sectoral hiring costs, sectoral wages, sectoral marginal costs, and sectoral
inflation. Appendix F shows the response of all the other variables.

As explained in chapter 1 for the (Two Sector) Complete Labour Mobility model, a
contractionary monetary policy leads to a decline in sectoral and aggregate output
and sectoral and aggregate inflation on impact and cumulatively. The response of
equilibrium nominal interest rate to a monetary policy shock, however, is dependent
on the relative strength of two competing effects: a direct positive effect of " i

t and an
indirect negative effect from a fall in equilibrium inflation rate. Under our calibration in
table 2.1, the nominal interest rate falls due to the fact that the downward adjustment
induced by the fall in aggregate inflation outweighs the upward adjustment of " i

t . The
response or real interest rate, however, is dependent on the combined effect of the above
two effects and the positive effects of expected inflation. Here, our calibrations mean
that real interest rate goes up marginally on impact, despite the fall in nominal interest
rates. Cumulatively, both nominal and real interest rates fall in response to the shock.
The deflation in the informal sector is considerably more pronounced compared to
that in the formal sector because relatively more retail firms change their prices in the
informal sector, leading to relatively larger movement in the price level in the informal
sector. The fall in sectoral output are associated with a fall in sectoral employment and
vacancies. For the same reasons explained earlier with the aggregate demand shock, the
fall in sectoral employment and vacancies is deeper in the informal sector compared to
the formal sector in response to the monetary policy shock. Thus, we have (v̂F

t > v̂I
t ).

For the the Jackman-Roper condition (�̂ F
t = �̂ I

t ) to hold, we must have ŝF
t > ŝI

t .
Consequently, the household reallocates workers from the informal to the formal sector
(L F

t " ; L I
t #). The number of formal job searchers rises immediately (sF

t " ) on impact
and continues to rise till it peak in the sixth quarter after which there is a gradual
decline towards steady state. The number of informal job searchers on the other hand
falls (sI

t #) on impact and then begins to rise overshooting its steady-state in the third
quarter and continues to rise till its peak in quarter 6, after which it gradually declines
toward steady state. The result is that there is a delayed rise in aggregate number of job
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searchers, till a peak in quarter 6, followed by a steady decline towards steady state. The
initial fall in formal sector new hires outstrips the initial increase in formal sector job
searchers, culminating in a contemporaneous rise in formal unemployment. Likewise,
the initial fall in informal sector new hires is deeper than the decline in informal sector
job searchers, which leads to a rise in informal unemployment when the shock hits.
As expected, the rise in unemployment is more in the informal sector compared to
the formal sector. Consequently, aggregate unemployment increases on impact and
continues to rise till its peak five quarters after the shock and then slowly declines
towards its steady state. Labour market tightness in both sectors fall (� t

F #= �̂ I
t #)

on impact and cumulatively in reaction to the responses of sectoral number of job
searchers and vacancies. It therefore follows that sectoral job finding (vacancy filling)
rates fall (rise) on impact and cumulatively in response to the shock. The response
of sectoral vacancy filling rates and real interest rates mean that formal and informal
hiring costs increase greatly on impact (i.e. a one percent standard deviation monetary
policy shock causes about 24 and 20 percent rise in formal and informal hiring costs
respectively on impact). They then fall drastically and undershooting their steady
states in the next quarter, reaching a trough in the fourth quarter and then gradually
rises towards their respective steady states. Overall, hiring costs in both sectors fall
in response to the shock over its lifetime. The strong response of sectoral hiring costs
drives formal and Informal and therefore average real marginal costs to rise sharply on
impact and follow the same path as hiring costs. As with hiring costs, sectoral and
average real marginal costs cumulatively fall over the lifetime of the shock, as is evident
from table 2.3. As with the aggregate demand shocks, here too real marginal costs and
inflation contemporaneously move in opposite directions; real marginal costs increase,
while inflation declines on impact. The implication is that the fall in expected future
inflation is very strong and dominates the upward pressure on current inflation from
the rise in average real marginal costs. Overall though, sectoral real marginal costs
and inflation both fall cumulatively over the lifetime of the shock. Formal real wage
rises while informal real wage marginally falls on impact, leading to an initial rise in
average real wage, following the contemporaneous effects of the shock on the MRS, the
marginal product of labour, the price mark-up and labour market tightness in both
sectors. Formal real wage, however, falls in the next quarter, undershooting its steady
state while informal real wage continuous to fall, culminating in a cumulative fall in
sectoral and average real wages in response to the shock.

Analogous to what happens with regards to the aggregate demand shock in the No
Labour Mobility model, here the instantaneous fall in aggregate demand due to the
contractionary monetary policy in the No Labour Mobility model is not immediately
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accompanied by a decline in sectoral and aggregate output. This is a consequence
of our modelling of government purchases in the resource constraint ( see equation
2.3.8.1). Government purchases is calibrated to be a fixed percentage (i.e., 10 %) of
total output. So, the decrease in consumption is instantaneously counterbalanced by
a sharp instantaneous rise in the number of posted vacancies in both sectors, leading
to a marginal initial rise in sectoral and aggregate employment and output. The num-
ber of vacancies posted by the formal and informal wholesale firms, however, quickly
decline undershooting their pre-shock steady states in the next quarter, culminating
in a cumulative fall in sectoral and aggregate vacancies. As there is no Jackman-
Roper condition in the No Labour Mobility model to moderate the extent to which
the number of posted vacancies are reduced, the cumulative decrease in sectoral and
therefore aggregate vacancies is disproportionately more in the No Labour Mobility
model compared to the Complete Labour Mobility model. The disparities in the de-
cline in posted vacancies between the two models is more pronounced in the informal
sector, where the cumulated decline in informal vacancies in the No Labour Mobility
model is close to six times that in the Complete Labour Mobility model. After the
initial rise in sectoral and aggregate employment and output, they sharply fall in the
next quarter undershooting their respective steady states in the next quarter as the
number of posted vacancies fall. Cumulatively, sectoral and aggregate employment and
output fall in response to the shock, with the fall in informal employment and output
close to twice the fall in the formal sector. As the cumulative fall in aggregate posted
vacancies is disproportionately deeper in the No Labour Mobility model compared to
the Complete Labour Mobility model, the cumulative fall in aggregate employment
is also more than twice in the No Labour Mobility model compared to the Complete
Labour Mobility model, leading to more than double the cumulative fall in aggregate
output in the former model compared to the latter model. Table 2.3 shows that the
cumulative responses of aggregate output CRŷ =

P H
h=0 ŷt+ h in the No Labour Mobility

and the Complete Labour Mobility models are -3.13 and -1.36 respectively, suggest-
ing that intersectoral labour mobility dampens the response of aggregate output to a
contractionary monetary policy shock. Since, sectoral and therefore aggregate employ-
ment fall sharply after an initial marginal rise on impact, it follows that sectoral and
therefore aggregate unemployment also rise sharply after an initial marginal fall on
impact, given that labour force participation is fixed for both sectors. As expected, the
cumulative rise in aggregate unemployment in the No Labour Mobility model is con-
siderably greater than in the Complete Labour Mobility model, driven by the relative
disproportionate decline in posted vacancies and new hires in the No Labour Mobility
model. The cumulative responses of aggregate unemployment CRû =

P H
h=0 ût+ h in
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the No Labour Mobility and the Complete Labour Mobility models are 23.92 and 9.90
respectively, which suggests that intersectoral labour mobility dampens the response
of aggregate unemployment to a contractionary monetary policy shock. The responses
of sectoral unemployment and number of new hires on impact means that the number
of formal and informal job searchers remain practically unchanged on impact in the
No Labour Mobility model. However, the number of job searchers in both sectors ex-
perience a cumulative rise, with the rise in the informal sector over five times the rise
in the formal sector. The cumulative rise in aggregate number of job searchers in the
No Labour Mobility model is over twice that in the Complete Labour Mobility model,
mainly driven by the fact that the rise in informal job searchers in the No Labour
Mobility model is over nine times that in the Complete Labour Mobility model. The
combined effect of sectoral number of job searchers and posted vacancies results in a
marginal rise in sectoral labour market tightness on impact in the No Labour Mobility
model, but they sharply fall undershooting their steady states, culminating in a cu-
mulative decline in labour market tightness in both sectors. The cumulative decrease
in tightness in the informal sector is close to seven times that in the formal sector.
The cumulative decline in average labour market tightness in the No Labour Mobility
model is significantly greater than in the Complete Labour Mobility model, mainly
driven by the differences in tightness in the informal sectors of the two models. As
evident in table 2.3, the cumulative fall in informal labour market tightness in the No
Labour Mobility model is close to seven times the fall in the Complete Labour Mo-
bility model. Formal and Informal hiring costs in the No Labour Mobility model rise
immediately the shock materialises, driven by the initial fall in sectoral vacancy fill-
ing rates. They, however, quickly fall undershooting their respective pre-shock steady
states by the third and fourth quarters respectively. Cumulatively, there is a net de-
cline in informal hiring costs and a net rise in formal hiring costs. The cumulative
net increase in formal hiring costs is because unlike informal hiring costs, the formal
hiring costs rise again in quarter 13 before gradually moving towards steady state. The
net effect of the responses of MRS, marginal product of labour, sectoral price mark-up
and labour market tightness results in an instantaneous rise in real wages in the No
Labour Mobility model. They, however, subsequently fall, leading to a cumulative net
decline in sectoral and average real wages in the model. Overall, the cumulative fall in
average real wages in the No Labour Mobility model is more than twice the fall in the
Complete Labour Mobility model. This is mainly because the cumulative decline in
informal real wages in the No Labour Mobility model is close to three times the fall in
the Complete Labour Mobility model. Following the same trajectory as sectoral hiring
coats and real wages, real marginal costs in both sectors of the No Labour Mobility
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model instantaneously increase, after which they immediately fall undershooting their
respective steady states by the next quarter, culminating in a cumulative net decline
in sectoral average real marginal costs. Over the entire horizon, the cumulative decline
in average real marginal costs in the No Labour Mobility model is more than three
times the decline in the Complete Labour Mobility model. This is mainly due to the
vast difference in the fall in real marginal costs in the informal sectors of the models.
The cumulative fall in informal real marginal costs in the No Labour Mobility model is
more than three times cumulative fall in the Complete Labour Mobility model. As is
the case with the aggregate demand and aggregate technology shocks in the case of the
No Labour Mobility model, the initial responses of real marginal costs and inflation in
both sectors move in opposite directions; sectoral and therefore aggregate inflation de-
clines, although formal and informal real marginal costs rise on impact. This suggests
that the expected future fall in inflation dominates the upward pressure on current
inflation from the initial rise in real marginal costs. Sectoral and therefore aggregate
inflation cumulatively decline over the entire horizon of the shock, and the central bank
responds to the instantaneous fall in aggregate inflation by decreasing nominal interest
rate. The cumulative responses of aggregate inflation CR �̂ =

P H
h=0 �̂ t+ h in the No

Labour Mobility and the Complete Labour Mobility models are -7.26 and -6.52 re-
spectively, which suggests that intersectoral labour mobility dampens the deflationary
impact of a contractionary monetary policy shock.

To sum up, aggregate unemployment, aggregate output and aggregate inflation are less
responsive to a contractionary monetary policy shock in the presence of intersectoral
labour mobility. The presence of the Jackman-Roper condition in the Complete Labour
Mobility model moderates the extent to which wholesale firms in both sectors in the
model reduce their number of posted vacancies compared to the No Labour Mobility
model where there is no such constraint. As a consequence, the decline in average
labour market tightness in the No Labour Mobility model is disproportionately greater
than in the Complete Labour Mobility model, with the difference in tightness more
pronounced in the informal sector. This culminates in a smaller rise (fall) in unem-
ployment (employment) and a smaller decline in aggregate output in the Complete
Labour Mobility model compared to the No Labour Mobility model. The dispropor-
tionately smaller average labour market tightness in the No Labour Mobility model,
owing to the disproportionate fall in informal labour market tightness compared to the
Complete Labour Mobility model, results in a deeper fall in average real wage, hiring
costs and real marginal costs in the No Labour Mobility model. This explains the
greater fall in inflation in the No Labour Mobility model in response to the shock.
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Figure 2-5: Simulated Impulse Responses to a Monetary Policy Shock for the Two Sector Complete Labour Mobility and Two
Sector No Labour Mobility models.
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Figure 2-6: Simulated Impulse Responses to a Monetary Policy Shock for the Two Sector Complete Labour Mobility and Two
Sector No Labour Mobility models.
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Table 2.3: Comparison of Impulse Responses of Model with Complete Labour Mobility and Model with No Labour Mobility to
various Aggregate Shocks

Agg. Demand Shock
�
"D

t "
�

Agg. Technology Shock
(A t " )

Monetary Policy Shock
�
" i

t "
�

Cumulative Effect (%) Complete
Mobility

No
Mobility

Complete
Mobility

No
Mobility

Complete
Mobility

No
Mobility

Aggregate Output 2.460 5.870 3.012 3.141 -1.360 -3.129
Formal Output 2.234 4.338 3.093 3.305 -1.219 -2.347
Informal Output 2.767 7.782 2.940 2.886 -1.526 -4.134
Aggregate Consumption 1.720 4.143 3.471 3.592 -0.942 -2.246
Formal Consumption 1.686 4.028 3.419 3.527 -0.922 -2.195
Informal Consumption 1.757 4.273 3.534 3.668 -0.968 -2.317
Formal Hse. Surplus 14.802 14.486 -3.174 -3.183 -8.050 -7.502
Informal Hse. Surplus 22.354 148.665 -4.765 -26.345 -12.464 -78.074
Formal Firm Surplus 14.805 14.489 -3.175 -3.184 -8.049 -7.501
Informal Firm Surplus 22.372 148.683 -4.768 -26.348 -12.463 -78.072
Aggregate Employment 2.769 6.488 -0.708 -1.222 -1.414 -3.417
Formal Employment 2.234 4.338 -0.628 -0.916 -1.219 -2.347
Informal Employment 2.767 7.782 -0.752 -1.403 -1.526 -4.134
Formal Labour Force -2.136 0.00 0.567 0.00 1.187 0.00
Informal Labour Force 1.753 0.00 -0.464 0.00 -0.976 0.00
Informality Rate 0.184 1.279 -0.023 -0.132 -0.113 -0.696
Aggregate Unemployment -19.384 -45.413 4.953 8.554 9.896 23.917
Formal Unemployment -17.345 -15.183 4.943 3.208 9.523 8.216
Informal Unemployment -20.211 -163.429 4.446 29.460 11.192 86.811
Aggregate Job Searchers -12.726 -32.035 3.507 6.080 6.991 16.968
Formal Job Searchers -15.524 -13.160 4.411 2.804 8.619 7.159
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Table 2.3 continued from previous page
Agg. Demand Shock

�
"D

t "
�

Agg. Technology Shock
(A t " )

Monetary Policy Shock
�
" i

t "
�

Informal Job Searchers -7.054 -68.785 1.892 12.289 3.885 36.523
Aggregate Vacancies 24.365 123.713 -5.476 -20.969 -13.538 -63.755
Formal Vacancies 18.560 23.238 -3.827 -5.772 -10.789 -11.438
Informal Vacancies 26.099 156.750 -5.832 -26.131 -14.318 -82.690
Formal LM Tightness 32.614 34.658 -6.991 -7.663 -18.030 -17.640
Informal LM Tightness 32.614 227.104 -6.991 -39.419 -18.030 -118.746
Formal Job Finding Rate 17.628 20.177 -3.858 -4.438 -9.908 -10.318
Informal Job Finding Rate 9.821 77.467 -2.065 -12.971 -5.359 -41.027
Formal Vac. Filling Rate -14.789 -14.475 3.172 3.180 8.050 7.502
Informal Vac. Filling Rate -22.341 -148.651 4.762 26.342 12.464 78.074
Aggregate Hires 3.431 11.146 -0.706 -2.129 -1.970 -5.349
Formal Hires 3.641 8.424 -0.605 -2.508 -2.093 -3.883
Informal Hires 3.378 11.927 -0.852 -2.161 -1.967 -5.707
Average Wages 17.157 38.094 -1.915 -2.406 -8.888 -20.117
Formal Wages 17.451 17.656 -2.692 2.449 -9.169 -9.087
Informal Wages 16.122 59.331 -1.677 -7.222 -8.752 -32.167
Average Marginal Costs 17.438 38.340 -6.613 -5.857 -9.189 -19.952
Formal Marginal Costs 18.020 16.897 -7.305 -1.246 -9.133 -8.256
Informal Marginal Costs 17.502 60.387 -5.915 -10.964 -9.162 -32.521
Formal Hiring Costs 23.238 -15.147 -9.756 20.343 -11.383 10.387
Informal Hiring Costs 30.790 71.382 -9.788 19.597 -16.207 -39.223
Aggregate Inflation 11.847 13.373 -3.102 -3.205 -6.524 -7.256
Formal Inflation 11.847 13.372 -3.095 -3.200 -6.524 -7.256
Informal Inflation 228.326 1342.870 -64.924 -229.042 -126.142 -758.824
Nominal Interest Rate 18.233 20.013 -4.133 -4.806 -5.689 -6.604
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Table 2.3 continued from previous page
Agg. Demand Shock

�
"D

t "
�

Agg. Technology Shock
(A t " )

Monetary Policy Shock
�
" i

t "
�

Real Interest Rate 7.660 8.235 -1.724 -2.005 -0.061 -0.116
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2.7 Conclusion

Several empirical studies have documented significant flows between formal and infor-
mal labour markets in emerging market and developing economies. However, there is in
the literature the absence of a theoretical study that explicitly examines how the inter-
sectoral labour mobility between these two sectors impacts on the economy’s response
to macroeconomic shocks. As SSA economies are characterised by large and pervasive
informal labour markets, understanding how the reallocation of labour between these
two sectors impacts the business cycles of these economies can inform policy aimed
at stabilising inflation and economic activity. This study is therefore an attempt to
examine the role played by intersectoral labour mobility in dampening or amplifying
business cycle fluctuations in a typical SSA economy. We aim to explore and under-
stand the mechanism(s) by which the ability to reallocate labour across the two sectors
or otherwise affects how aggregate macroeconomic shocks are propagated in such an
economy. To achieve this, we construct a two-sector closed economy NK-DSGE model
with dual labour market (formal and informal) and search frictions à la the DMP model
in both sectors. We produce two variants of the model, with two extreme scenarios of
worker mobility; a Complete (Perfect) Labour Mobility version where workers can be
costlessly reallocated across the formal and informal sectors and a No Labour Mobility
version where labour participation is fixed for both sectors and so household are un-
able to reallocate across the sectors, possibly due to prohibitive reallocation costs. We
calibrate the two sectors to a typical or representative SSA country (i.e. the Ghanaian
economy). We then simulate and compare both models to examine the potential im-
pact of intersectoral labour mobility across the two sectors on aggregate unemployment,
aggregate output and aggregate inflation in response to aggregate demand, aggregate
technology and monetary policy shocks.

We find that aggregate unemployment, aggregate output and aggregate inflation are
less responsive in the Complete Labour Mobility model in comparison with the No
Labour Mobility model over the lifetime of the aggregate demand, aggregate technol-
ogy and monetary policy shocks, implying that intersectoral labour mobility between
the formal and informal sectors dampens the responses of these variables to aggregate
shocks. The dampening effect in the model with complete labour mobility is driven by
the presence of an arbitrage condition (Jackman-Roper condition), which is absent in
the No Labour Mobility model. The Jackman-Roper condition requires that the devi-
ation of formal and informal labour market tightness from their respective pre-shock
steady states are equalised. It moderates the extent to which wholesale firms in both
sectors of the Complete Labour Mobility model vary the number of vacancies they
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post in response to shocks. As this constraint is not present in the No Labour Mo-
bility model, the variations in sectoral and aggregate vacancies are disproportionately
greater in the No Labour Mobility model, leading to relatively greater variation in sec-
toral labour tightness in the No Labour Mobility model. This culminates in relatively
smaller variations in aggregate unemployment and output in the model with complete
labour mobility. In the case of the positive aggregate technology shocks, the absence
of the Jackman-Roper condition causes the composition of formal employment in total
employment in the No Labour Mobility model to rise more than in the Complete Labour
Mobility model. And since the rise in aggregate productivity has a greater effect on
formal sector productivity than informal sector productivity, the cumulative increase in
aggregate output is more in the No Labour Mobility model compared to the Complete
Labour Mobility model. The relatively smaller changes in the labour market tightness
in the Complete Labour Mobility model also leads to relatively smaller changes in real
wages, hiring costs and real marginal costs in the Compete Labour Mobility model in
response to all the shocks. Consequently, the response of aggregate inflation to shocks
is more muted in the model with complete labour mobility. Our findings suggests that
in SSA economies where informality is quite large and pervasive, putting structures
in place that allows for ease of labour reallocation and mobility between the formal
and informal sectors can serve as a means of reducing macroeconomic fluctuations and
ensuring the stabilisation of inflation and economic activity.

Our finding that following a shock, aggregate unemployment, aggregate output and ag-
gregate inflation are not exacerbated in the model where there is free labour mobility
between the two sectors (i.e., the Complete Labour Mobility model) is not an entirely
surprising result given the nature of our model. It is not a surprise that the differ-
ences in the responses of the three variables in the two models is driven entirely by the
Jackman-Roper condition. An implicit assumption in the Jackman-Roper condition
is that households would immediately reallocate workers from one sector to the other
in the Complete Labour Mobility model. This is a rather strong assumption given
the empirical evidence of factors such as variations in skills, qualifications and job cer-
tifications, and other technical and legal reasons that generate labour rigidities, and
therefore not allow flexible mobility from the informal to the formal sector as implied
by our model (see Maloney (1999), Bosch and Maloney (2007), Bernabè and Stampini
(2009), Kavuma et al. (2015), Albertini et al. (2019) and Sugiharti et al. (2022) among
others). Allowing households to freely and instantaneously reallocate workers between
the two sectors after a shock to ensure that the labour market tightness in the two
sectors are equalised means that there would be relatively smaller variations in aggre-
gate unemployment, aggregate output and aggregate inflation in the Complete Labour
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Mobility model compared to the No Labour Mobility model following the shock. This
exercise reveals that employing the Jackman-Roper condition between a formal and an
informal sector may be rather unrealistic. It gives support for the usual practice in the
literature which employs the Jackman-Roper condition between two formal sectors of
an economy. The takeaway for policymakers from this exercise is that to be able to
have a more concrete and comprehensive understanding of the impact of the shocks on
the mobility of workers between the formal and informal sectors, one has to adequately
and appropriately account for the factors that can possibly militate against the flexi-
ble movements of workers between the formal and informal sectors in our modelling.
Furthermore, Maloney (2004) and Fields (2005a) have argued that the informal sector
consists of an "upper-tier" which is competitive with the formal sector, where individu-
als enter voluntarily as they expect to earn more than in the formal sector, given their
specific characteristics, and a "lower-tier" or "involuntary" part, which does not compete
with the formal sector, as it is made up of individuals who have been locked out of the
formal sector and possibly the "upper-tier" of the informal labour market. Following
this a model that takes this into account, allowing the Jackman-Roper condition to be
operational between the formal “sector and upper-tier" of the informal sector and not
between the formal sector and the "lower-tier" of the informal sector may be a better
way of dealing with the dominance of the Jackman-Roper condition in the model and
serve as a more realistic representation of the dynamics in the labour market than
suggested by our current model.

2.8 Further Research

As stated earlier, the Segmented Labour Market Theory literature suggests that most
labour markets represent some degree of intermediary between the No Labour Mo-
bility and Complete Labour Mobility models. While labour markets segmentation in
developing countries is typically identified within a broad distinction between a formal
and informal sectors, increasingly studies, including Maloney (2004) and Fields (2005a)
have shown that the structure of the informal sector is much more complex. Maloney
(2004) and Fields (2005a) argue that the informal sector consists of an "upper-tier"
which is competitive with the formal sector, where individuals enter voluntarily as
they expect to earn more than in the formal sector, given their specific characteristics,
and a "lower-tier" or "involuntary" part, which does not compete with the formal sector,
as it is made up of individuals who have been locked out of the formal sector and pos-
sibly the "upper-tier" of the informal labour market. Building on this, we can extend
our model to include a dual informal sector where the "upper-tier" is competitive with
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the the formal sector and so there is complete labour mobility with the formal sector
and a "lower-tier", for which there is no labour mobility with the formal sector and
"upper-tier" of the informal labour market.
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Chapter 3

Empirical Validation of
Theoretical New Keynesian

DSGE Models: The Case of A
Typical Sub-Saharan African

Economy

Abstract

This study investigates the importance of incorporating informality and intersectoral labour
mobility between formal and informal sectors in NK-DSGE models developed for policy analysis
of SSA economies by testing predictive performance of three models against predictions actual
data from Ghana. We estimate a four variable Bayesian Vector Autoregressive (BVAR) models,
using robust sign restrictions derived from our three theoretical models to identify aggregate
demand and aggregate technology shocks and conduct qualitative and quantitative analyses
of the discrepancies in the responses to the same shocks in the models and their counterpart
BVARs. The study finds that the One Sector (without informality) model is much preferred
when it comes to approximating the response of inflation, output, and interest rates in Ghana
to a positive aggregate demand shock, followed by the Two Sector Complete Labour Mobility
(with informality) model. However, the Two Sector Complete Labour Mobility model produces
the best approximation of the response in the data to aggregate demand shocks when it comes
to unemployment. On the other hand, the One Sector model generates the smallest cumulative
difference in unemployment responses between the data and the model in response to aggregate
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supply shocks. But the Two Sector models perform better in approximating the response
of inflation, output and interest rates in the Ghana data to a positive aggregate technology
shock, with the No Labour Mobility version performing better than the Complete Labour
Mobility model. The No Labour Mobility version generates the worse match to the data when
it comes to unemployment response to aggregate technology shocks. The study also argues that
official unemployment figures recorded by statistical agencies in SSA countries are unable to
fully capture the number unemployed within the informal sector, leading to large quantitative
differences in the response of unemployment to shocks between the theoretical models and
actual data.

3.1 Introduction

In this chapter, we ask one broad question: Which model of the labour markets best
matches the data for Ghana? Following our analyses in chapters 1 and 2, we test
the relative reliability of inferences drawn from the theoretical models developed in
the first and second chapters of this thesis (i.e., the One Sector model (without in-
formality), Two Sector Complete Labour Mobility model (with informality) and the
Two Sector No Labour Mobility model (with informality)) by comparing them against
econometric estimates derived from the actual data from a typical SSA economy (i.e.,
Ghana). Specifically, we attempt to establish the relative merit of modelling informal-
ity in the labour market of a typical SSA economy in explaining the data by examining
the relative abilities of the three theoretical models to predict the dynamics of output,
inflation, unemployment and interest rate in response to aggregate demand and aggre-
gate supply shocks in the data in Ghana. Understanding this could be important to
theorists who may be interested in knowing whether explicitly modelling informality
in the labour markets of SSA economies improves the match of models with the data.
Macroeconomic Policy-makers in SSA countries on the other hand, may be interested
in this study because of their need to ensure that models employed in policy analyses
represent a sufficiently good approximation of the data in the respective countries to
guarantee a high degree of reliability of any inferences drawn.

The New Keynesian Dynamic Stochastic General Equilibrium (NK-DSGE) model has
gained remarkable prominence among macroeconomists, both in academia and policy-
making circles, as a useful tool for monetary policy design and analysis, with most
institutions including central banks in advanced and emerging market and developing
economies, including in Sub-Saharan Africa (SSA), developing bespoke versions (see
Tovar (2009); Christiano, Motto, and Rostagno (2010); Harrison and Oomen (2010);
Adolfson, Laséen, Lindé, and Svensson (2011); Hashimzade and Thornton (2021); Bal-
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cilar, Gupta, and Kotzé (2015); Hohberger, Priftis, and Vogel (2019), among others).
They are used to examine how an economy responds to unanticipated fluctuations in
exogenous variables (Canova, 2011, p. 147). However, despite the tremendous pop-
ularity of NK-DSGE models, including advancements in improving the quality of its
approximation to the data (Canova, 2009), more work needs to be done to enhance
its empirical adequacy for the purposes of inference and policy simulations (Poudyal
& Spanos, 2022). NK-DSGE models are known to be misspecified (see Canova (2009);
Del Negro and Schorfheide (2009)), providing an unreliable basis for resultant inference
drawn in an attempt to address questions of interest (Poudyal & Spanos, 2022). This
brings to the fore the argument that in order to improve the predictive performance
of NK-DSGE models developed for policy analyses of SSA economies, one must incor-
porate salient features like informality in the labour markets, since the labour markets
in these countries are distinctively characterised by large informality. A significantly
large proportion of the labour force in SSA economies are in informal employment,
with estimates ranging from 40 percent and 80 percent of the labour force in these
countries (Djankov et al., 2003; Schneider, 2004). If, however, theorists are to develop
a model for policy analysis of SSA economies that adequately reflects the salient feature
of informality, they must ask if the incorporation of this feature improves the ability
of the model to capture the dynamics in the data of these countries and consequently
enhance the reliability of inference on economic questions specific to those countries.
This is especially important because as can be seen from the previous chapters, adding
informality further complicates the model and makes it relatively less tractable to solve.
So, as in any modelling exercise and with due regard to parsimony and tractability,
the modeller should be interested in adding only features that significantly enhance the
empirical fit of the model to the data. Anything short of this, the inclusion of informal-
ity to the models would be at best an exercise in futility. It is therefore pertinent that
any NK-DSGE model developed to examine the propagation mechanisms of shocks and
address policy questions be validated against the actual data. This is our motivation
for this study.

We follow mainly the methodology of Canova (2002, 2007) by presenting and discussing
the simulated impulse response functions of the four endogenous variables of our three
theoretical models to aggregate demand and aggregate supply (technology) shocks,
with the aim of deriving robust identifying restrictions on the variables in VAR within
a Bayesian framework. In deriving the robust sign restrictions, we follow Pappa (2005)
and Dedola and Neri (2007) by employing a calibration approach that accommodates a
wide range of each parameter value from our theoretical models, reflecting a reasonable
level of uncertainty over the precise value of each parameter. The derived implications
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from the theoretical models are used as tools to identify the structural shocks in the
respective BVAR models. We then conduct qualitative and quantitative analyses of
the mismatch in the responses to the same shocks in the models and their counter-
part BVARs. The preferred theoretical model would be the one with the smallest
discrepancy between the predictions of the model and the data.

We find that overall, the One Sector model (model without informality) generally
outperforms the Two Sector models (models with informality), both qualitatively and
quantitatively, in matching the dynamics of output, inflation and interest rates in the
data when hit by an aggregate demand shock, with the cumulative difference between
the model and data responses of inflation and interest rates over the five years horizon
at least twice as much in the Two Sector models as in the One Sector model. When
it comes to output, the cumulative difference between the data and model responses
is more than three times as much in the Two Sector No Labour Mobility model as
in the One Sector model, but the difference is only marginally greater in the case of
the Two Sector Complete Labour Mobility model than observed in the One Sector
model. Amongst the Two Sector models, the Complete Labour Mobility version does
better when it comes to the responses of output and interest rate in reaction to an
aggregate demand shock, while the No Labour Mobility version on the other hand
performs better when it comes to the response of inflation to the shock. Over the
five years horizon, the cumulative difference between the unemployment response in
the data and the Two Sector No Labour Mobility model is about twice that of the
One Sector model and close to three times that of the Two Sector Complete Labour
Mobility model, which has the smallest cumulative difference of unemployment response
from that observed in the data. The findings here suggest that, if one is interested
in producing a theoretical model that better approximates the response of inflation,
output and interest rates in the Ghana data to a positive aggregate demand shock, the
Two Sector (with informality) models may not be ideal. The One Sector model is much
preferred, followed by the Two Sector Complete Labour Mobility model when it comes
to output and interest rate and the Two Sector No Labour Mobility model if one is
interested in inflation response. However, the Two Sector Complete Labour Mobility
model produces the best approximation of the response in the data to aggregate demand
shocks when it comes to unemployment.

By contrast, the Two Sector models outperform the One Sector model in reflecting
the dynamics of output, inflation and interest rates in the data in the presence of
an positive aggregate supply disturbance. The cumulative difference between the me-
dian model and data responses of output over the five years horizon in the Complete
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Labour Mobility model and the One Sector model are about 1.5 times that observed
in the No Labour Mobility model, although the Complete Labour Mobility model does
marginally better when we consider the entire credible band. When it comes to infla-
tion, the cumulative difference between the median responses in the data and the One
Sector model to the aggregate technology shock over the five years horizon is about
twice that observed when it comes to the Two Sector models, although the No Labour
Mobility model performs very marginally better than the Complete Labour Mobility
version if we look at the entire credible bands. The median response of interest rates
in the data and the One Sector model is about 10% more than observed in the Two
Sector Complete Labour Mobility model and about 1.6 times that in the Two Sector
No Labour Mobility model over the five years horizon. All this means that amongst
the Two Sector models, the No Labour Mobility version performs better in reflect-
ing the response of output, inflation and interest rate in the data compared with the
Complete Labour Mobility version when the economy experiences a positive aggregate
supply disturbance. As in the case of the aggregate demand shock, the Two Sector No
Labour Mobility model performs much worse quantitatively than the other two models
in matching the response of unemployment in the data, as it produces the largest cumu-
lative difference in unemployment IRFs between the model and the data over the five
years horizon. The cumulative difference between the median response of unemploy-
ment in the data and the No Labour Mobility model is over twice and three times that
observed in the Complete Labour Mobility and One Sector models respectively over
the five years horizon. This reinforces the qualitative findings and suggesting that the
the Two Sector No Labour Mobility model may not be the best theoretical framework
for modelling the response of unemployment in the data. The One Sector model on the
other hand generates the smallest cumulative difference in unemployment responses
between the data and the model in response to aggregate supply shocks. We must,
however, state that owing to the questionable nature of the data on unemployment (we
explain this later), one must interpret the findings on the discrepancies between the fit
of model and data responses to the shocks vis-à-vis unemployment with caution. The
findings also suggest that, if one is interested in producing a theoretical model that
better approximates the response of inflation, output and interest rates in the Ghana
data to a positive aggregate technology shock, the One Sector (without informality)
model may not be ideal. Amongst the Two Sector models, the No Labour Mobility
version performs better than the Complete Labour Mobility model.

Conditional on aggregate demand and aggregate supply shocks, all the three theoretical
models generate persistence in inflation and interest rate responses that generally match
their counterparts in the data. The persistence of output responses in all the theoretical
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models quantitatively match that of their corresponding responses in the data vis-a-
vs aggregate supply shocks, but the persistence in output responses in all the models
outstrips that in the data when it comes to aggregate demand shocks. Unemployment
response in the data is more short-lived compared to the responses in all the theoretical
models in relation to both shocks, although the One Sector models perform better than
the Two Sector models when it comes to aggregate demand shock.

An important result from our model simulations and BVAR estimations is that the
response of unemployment to both shocks in the theoretical models are significantly
large quantitatively compared to their counterparts in the data. We argue that the of-
ficial unemployment figures recorded by the statistical agencies in SSA countries where
the labour markets are characterised by large and persistent informality do not ade-
quately measure the number unemployed within the informal sector. Consequently, the
officially recorded unemployment figures are composed of little or no informal unem-
ployment. Herrera and Merceron (2013) argue that if unemployment as defined by the
ILO was expanded to capture extended unemployment, as well as discouraged workers,
which is mainly in the informal sector, the unemployment rate in SSA rises by half
the reported levels. Our argument in short is that, the official unemployment rate
figures are mostly made up of formal unemployment rate and therefore the recorded
aggregate unemployment rate figures are understated. And since formal employment
is known to be much less volatile than informal employment (Fernández & Meza, 2015;
Elgin, Kose, Ohnsorge, & Yu, 2019, 2021) because of greater labour market rigidity
in the formal sector (Djankov & Ramalho, 2009), our expectation is that the level of
fluctuations or responsiveness to shocks observed with formal unemployment (rather
than informal unemployment) in the theoretical models should be much closer to the
aggregate unemployment observed in the data. And since the informal unemployment
in the theoretical models are expected to be more responsive to the shocks, then it
is reasonable to conclude that aggregate unemployment from the simulations in the
theoretical models would be much more responsive than in the data. We verify this
argument by plotting the responses of sectoral and aggregate unemployment to both
shocks in the theoretical models alongside the corresponding response of the aggregate
unemployment in the data on the same graph. We also compute the volatilities of
the responses. We find that informal employment in the theoretical models are signif-
icantly more responsive to the shocks than formal unemployment. We also find that
the volatilities of the responses of formal employment in the theoretical models, espe-
cially in the No Labour Mobility model but relatively less so in the Complete Labour
Mobility model, are much closer to the responses of aggregate unemployment in the
data than revealed when comparing aggregate unemployment in the models and the
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data. All these largely validate our reasoning that the large magnitude differences be-
tween aggregate unemployment responses in the models and the data is mainly due to
the extremely greater responsiveness of informal unemployment to the shocks in the
models.

The contribution of this study is two-fold; theoretical and empirical. On the theoretical
side, our study provides some an insight into alternative ways of modelling informality
in labour markets, especially for SSA economies. While there is growing interest in
modelling informality (or the shadow economy) and its potential impact on business
cycles in the theoretical literature, most of the focus these studies, including Castillo
and Montoro (2012) for Peru and Fernández and Meza (2015) and Alberola and Ur-
rutia (2020) and for Mexico among others, have been on the developed and emerging
market economies for which informality differs both in size and nature compared to
SSA economies. On average, the proportion of informal employment as a percentage
of total employment in SSA is about 20 percent more than in the emerging market and
other developing economies (Nguimkeu & Okou, 2019), reinforcing the need for more
studies exploring how to theoretically model informality in SSA. This study therefore
joins the relatively scant supply of studies attempting to address this imbalance. Given
that the informal economy represents a substantial portion of economic activities in
SSA countries, specifically modelling the informal economy in the context of SSA would
facilitate a better understanding of the dynamics of the informal economy and its po-
tential effects on the formal economy and the transmission of monetary policy, thereby
helping policymakers make more informed and tailor-made monetary policy decisions.
On the empirical side, this study contributes to the growing literature on examining
the validity of NK-DSGE models as tools for macroeconomic policy analyses, with
specific emphasis on models that capture salient features of SSA economies like high
informality. In this respect, the study serves as an additional resource for theorists and
policymakers who have an interest in understanding whether modelling informality in
the labour market in SSA economies improves the match of theoretical models to the
data. To the best of our knowledge, no study has performed an empirical validation
of models to verify if modelling informality in labour markets improves the match of
theoretical models to the data. Our study fills this gap in the literature.

The rest of the study is organised as follows. The next section (section 3.2) presents a
survey of related literature to situate our study in the context of the wider literature.
Section 3.3 outlines the three theoretical models: the Two Sector models (Complete
Labour Mobility and No Labour Mobility versions; models with informality) and the
One Sector model (model without informality). Section 3.4 characterises our econo-
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metric methodology, setting out our Bayesian VAR model and our data. Section 3.5
presents our results and evaluation. Section 3.6 concludes. The appendix contains
some further details of the BVAR model.

3.2 Related Literature

From an econometric perspective, the performance of NK-DSGE models are often mea-
sured against estimated Vector Autoregressive model (VAR), which requires that the
data generating process consistent with the NK-DSGE model has a finite-order VAR
representation. VARs are easy to take directly to the data, are relatively uncomplicated
to estimate and employ in generating out-of-sample forecasts. The use of Structural
VARs (SVARs) have gain popularity for carrying out the the empirical validation of
NK-DSGE owing to the advantage of a possible imposition of a minimal set of eco-
nomic restrictions, as well as the ability to simulate the dynamic responses of the
data to identified shocks and evaluate the distinctive contribution of various shocks to
macroeconomic fluctuations (Neri et al., 2003). The precedent set by L. J. Christiano
et al. (2005) popularise the idea of matching the impulse responses of identified SVARs
with NK-DSGE models. The problem of validating NK-DSGE models, however, pre-
cedes L. J. Christiano et al. (2005), with different approaches suggested over the years
in the literature. Canova (1994) distinguishes between the calibration and estimation
approaches. The calibration approach addresses the question "Given that the model is
false, how true is it?" and therefore considers the model as a data generating process
for the data as false, while the estimation methods address the question "Given that
the model is true, how false is it?" and consequently considers the model as a data
generating process for the data as true (Canova, 1994, p. S123). It then goes ahead
to examine if the model specification is at variance with the data and what feature is
responsible for that.

Canova (2002, 2007) outlines a summary of the various calibration approaches. They
can be categorised into four broad approaches, based on the metric employed in as-
sessing the closeness of the theoretical model to the data. First, an approach based
on a measure of Goodness-of-Fit (R2-type measure) and is underpinned by Watson
(1993). Here, the NK-DSGE model is considered as a simplified and consequently false
representation of the data generating process. The R2 measure therefore represents
the required amount of the error to be added to the data that the model generates in
order for the model’s implied autocovariance plus the error matches the autovariance
of the data. The second approaches includes the Generalised Method of Moments ap-
proach (see L. J. Christiano and Eichenbaum (1992) and Fève and Langot (1994)), the
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indirect approach (see Cecchetti, Lam, and Mark (1993)) and the frequency domain ap-
proach (see Diebold, Ohanian, and Berkowitz (1998)) measures the mismatch between
the theoretical model and the data by employing the sampling variability of the real
data. The third set of approaches differ from the second approaches in the sense that,
here, the distance is measured by employing the sampling variability of the simulated
data like using calibration as testing, providing a simple way of judging the distances
between the population moments of the simulated model. Nason and Cogley (1994),
Söderlind (1994), Canova (1994, 1995) and Maffezzoli (2000) used this approach in the
evaluation of the NK-DSGE models, although the later two studies allow for parameter
uncertainty. The fourth group of approaches combines the second and third approaches
by measuring the distance using the sampling variability in the real data as well as the
simulated data. DeJong, Ingram, and Whiteman (1996, 2000) and Schorfheide (2000)
used this approach.

The estimation approach employs the Maximum Likelihood (see Altug (1989)) or the
Generalised Method of Moment (see Burnside, Eichenbaum, and Rebelo (1993)) tech-
niques in estimating or finding the parameters of the decision rule that generates the
best fit to the data. VARs are, however, the most popular technique for estimating NK-
DSGE models and involve giving a purely statistical representation to the NK-DSGE
model. While massive advancements have been made in developing NK-DSGE models
with more realistic features, they remain generally too stylised to be taken directly to
the data, and when they do via the traditional econometric estimation methods, they
often yield weak results (Wouters & Smets, 2002; Ireland, 2004). VARs, on the other
hand, are easy to take directly to the data, allowing one to draw inferences by imposing
a minimal set of restrictions to identify the dynamics in the data, although they lack the
elaborate microfoundations underpining NK-DSGE models. The challenge with using
the above calibration approaches, and VARs for NK-DSGE model validation is that
they are mainly statistical and econometric tools that are appropriate where the theo-
retical NK-DSGE model is a representation of the true data generation process of the
real data (Canova, 2002). However, given that NK-DSGE models are mostly misspec-
ified in at least some dimension (Canova, 2009; Del Negro & Schorfheide, 2009), these
purely statistical and econometric validation techniques are rendered useless (Canova,
2002). Canova (2002, 2007) propose an alternative NK-DSGE model validation ap-
proach that attempts to circumvent this challenge by integrating the VAR approach
with the ’calibration’ of the NK-DSGE model. By using a class of NK-DSGE models
with log-linear approximation around its steady state, they recognise that it at best
approximates the data generation process of the real data and may potentially only
work in some dimensions. Importantly, in the design of their model validation and
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evaluation method, Canova (2002, 2007) take seriously the notion that economic (not
statistical) validation is the overriding interest of the users of NK-DSGE models. They
also take seriously the contention that the simulations derived from calibrated NK-
DSGE models are mostly sensitive to the typically arbitrarily chosen parameter values.
To address this, their approach searches for implications that hold irrespective of ex-
act parametrisation or functional forms. They term these set of implications “robust”
implications, which are then used as devices for the identification of structural shocks
in the VAR model. Effectively, the reduced-form VAR is transformed into a structural
model through the imposition of a minimal set of robust restrictions retrieved from the
NK-DSGE model. They then employ the impulse responses to the identified shocks
in the data along with the responses from the NK-DSGE model as a measure for a
qualitative and quantitative evaluation of the dynamic outcomes. This is the approach
we use in our study.

The approach we employ in our study has the advantage of being computationally sim-
ple, easy to implement and enjoys the useful merits of calibrated NK-DSGE models and
SVARs, as it is an integration of both approaches. The methodology has the benefit of
employing a minimal set of restriction in identifying the shocks of interest, as in SVARS,
while explicitly deriving the applicable restrictions from the NK-DSGE model as op-
posed to the assumptions that may sometimes be at odds with the dynamics implied
by NK-DSGE models (see Canova and Pina (2000)). Also, the calibration technique
employed ensures that the implications derived are robust to the exact calibration of
the theoretical models, as well as any assumption of functional forms. Furthermore,
unlike other approaches that typically allow one to identify only one shock at most, our
approach is adaptable and enables one to identify every shock for which one can find
a robust characterisation of the theoretical model’s dynamics. Finally, and perhaps
most importantly, unlike the calibration and the canonical VAR approaches discussed
above, our approach and that of Canova (2002, 2007) represents an economic measure
(not a statistical metric) of the discrepancy between NK-DSGE and the data; an eco-
nomic metric derived using the features and internal transmission mechanism of the
NK-DSGE model in response to the shocks in question.

The methodology in our study is related to three studies. Canova (2002), who devel-
oped this methodology applied it in evaluating two standard monetary DSGE models -
a version of the Limited Participation Economy model of L. J. Christiano, Eichenbaum,
and Evans (1997), Cooley and Quadrini (1999) and Canova and Pina (2000) among
others - and a version of a monopolistic competitive-sticky prices model of Rotemberg
and Woodford (1997), Gali (1999), King and Wolman (1999), and Smets and Wouters
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(2003) among others. They examine the relative validity of the two models by deriving
sign implications of the dynamic responses of of some variables including output, infla-
tion and labour productivity among others to monetary and technology shocks. They
report pairwise cross-correlations between the variables in the two models in response
to the shocks in order to derive robust sign implications some of which are used to
identify the shocks in quarterly data of three countries/regions: the US, the UK and
the EURO land. Similar to our studies, they conduct a qualitative analysis of the rel-
ative performance of the two models by examining the signs of the dynamic responses
of selected variables vis-à-vis the responses in the data. Just like our study, they also
conduct quantitative evaluations to compare the degree to which the predictions of
the models quantitatively agree with the data by first computing the half-lives of the
responses of selected variables to measure the persistence of the responses. Our study,
however, differs from that of Canova (2002) in the quantitative sense because we also
employ another quantitative metric of evaluating the mismatch in the responses of the
models and the data by using the approach of Levine, Pearlman, Volpicella, Yang, et
al. (2022) who use the cumulative mean square distance as a metric for measuring the
wedge or cumulative difference between the model impulse response function and the
BVAR impulse response function over a horizon. This allows us to make more defini-
tive statements on the relative quantitative performances of the theoretical models.
Pappa (2005) employed approach similar to ours to explore the effects of consumption,
investment and employment shocks within a Real Business Cycle(RBC) and a New
Keynesian model framework. They derived a set of robust restrictions following the
three shocks in the RBC and New Keynesian models and utilised part of the restric-
tions to identify the shocks in US aggregate and state data, as a way of examining
what dynamics of output and deficit induce in real wages and employment. This is
to facilitate a choice between the transmission mechanisms of the two models. Dedola
and Neri (2007) also used a similar methodology by employing restrictions on signs
of impulse responses explicitly derived from an RBC and NK-DSGE model to iden-
tify technology shocks in VARs of post-war US economy. This is to determine which
of two models better predicts the response of hours worked per capita in reaction to
technology shocks in the data. As in our study, the two studies employ a calibration
technique that allows for parameter uncertainly within a certain range. Also, just like
our study, the two studies conducted qualitative evaluation by examining the signs and
shapes of the impulse responses of the theoretical models and the VARs. Our study,
however, mainly differs from that of Pappa (2005) and Dedola and Neri (2007) in the
sense that unlike us, they do not employ any quantitative metric in evaluating the
dynamics of the two models in relation to that data. In terms of informality, to the
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best of our knowledge, no study has explored the issue of NK-DSGE model validation
in the context of informality.

3.3 Theoretical Models

In this section, we briefly outline the three theoretical models that we employ to eval-
uate the responses of selected aggregate variables to aggregate demand and aggregate
supply (technology) shocks. The three models are the One Sector (without informal-
ity), Two Sector Complete Labour Mobility (with informality) and the Two Sector No
Labour Mobility (with informality) models. As the detailed derivations of the three
models are outlined in the first two chapters of this thesis, we limit ourselves to very
salient parts and features of the models for brevity and refer the reader to chapters 1
and 2 for a more expansive exposition of the three models.

3.3.1 Two-Sector Models (with Informality)

We construct a two-sector closed-economy NK-DSGE model with dual labour market
(formal and informal). The economy is populated by five broad categories of agents;
households, wholesale firms, retail firms, government and the central bank. There
are two types of firms; formal and informal. We introduce two types of frictions into
the model. The wholesale sector is characterised by labour market frictions à la the
Diamond-Mortensen-Pissarides (DMP) model,1 with flexible prices while the retail sec-
tor is characterised by monopolistic competition, with sticky price à la the Calvo-pricing
mechanism.

Household members are either employed and receiving wage income or unemployed and
receiving unemployment benefits. They supply labour to both sectors. Importantly,
search is directed by households endogenously reallocating workers between the two
sectors and therefore choosing the sector in which a worker searches for job. This follows
closely the multi-sector model of Mehrotra and Sergeyev (2012) where households are
free to reallocate workers across sectors subject to a reallocation cost in the form of
loss in utility or utility cost, making the utility cost in a sector a function of the change
in its labour force participation between two periods. The utility cost is assumed to
reflect for instance skills acquisition costs such as retraining costs, relocation costs or
even loss in sector-specific skills in utility terms. We use two variants of this model in
this chapter. First, the Complete Labour Mobility variant, where reallocation across
the formal and informal sectors is costless for households (i.e. reallocation cost is zero).

1See Mortensen and Pissarides (1999) and Pissarides (2000).
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As we will show later in subsection 3.3.1, in this case, households would continue to
reallocate workers until the expected returns from searching for a job in both sectors
are equalised. Second, the other extreme case where reallocation cost is infinitely large
so that there is no labour reallocation by households (i.e. reallocation costs approaches
infinity). We refer to this as the No Labour Mobility variant. Following Ravenna and
Walsh (2008), we make a distinction between unemployed workers and job searchers in a
period. Thus, unemployment is measured after hiring decisions take place, a reflection
of how statutory unemployment is measured in the national statistics. Government
funds unemployment benefits and government purchases by imposing wage income tax
and maintains a balanced budget each period by imposing a lump-sum tax (transfer).
The central bank conducts monetary policy using short term nominal interest rates. We
introduce two types of exogenous aggregate shocks (aggregate demand and aggregate
supply (technology) shocks) in the model.

The Labour Market

The labour market is marked by search frictions, implying the co-existence of unem-
ployed workers and unfilled vacancies. There is a mass of firms, size 1. We make
assumptions that guarantee full participation, i.e. at all times individuals are either
employed or willing to work, given the prevailing labour market conditions. There is a
mass of identical workers comprising the labour force, L t of size 1. There are formal and
informal firms; a fraction � F of firms are in the formal sector and a fraction (1 � � F )

of firms in the informal sector. Aggregate employment is N t = N F
t + N I

t , where N F
t is

the number of workers employed in the formal sector and N I
t the number employed in

the informal sector. There is a mass of identical workers comprising the labour force,
L t of size 1. The workers either participate in the formal labour market or the informal
labour market. L F

t and L I
t represent the labour force participation in the formal and

informal sectors respectively, so that L t = L F
t + L I

t = 1 .

Households are free to reallocate workers across sectors subject to a reallocation cost in
the form of loss in utility, making the utility cost in a sector a function of the change in
its labour force participation between two periods. Following Mehrotra and Sergeyev
(2012, p. 14), the reallocation cost, represented by the “cost function, R (�; �) is assumed

to be continuous and di�erentiable in its arguments and minimised whenL i
t � 1 = L i

t for

any sector i”. In the Complete Mobility version of the model households can costlessly
reallocate all the formal labour force and informal labour force (i.e. , reallocation cost is
zero) to search for jobs with both formal and informal sector wholesale firms. Costless

175



reallocation means that Ri �
L i

t � 1; L i
t
�

= 0 for all L i
t � 1; L i

t � 0 for all sectors i 2 (F; I ).2

As we will show later in subsection 3.3.1, in this case, households would continue to
reallocate workers to all sectors until the sectoral household surplus, weighted by the
respective sectoral job finding rates are equalised. In the No Mobility version, however,
labour participation in each sector is constant. A fixed proportion � S of the labour
force participate only in the formal sector, so that formal labour force, L F

t = � S and a
fixed proportion

�
1 � � S

�
of the labour force participate only in the informal sector, so

that L I
t =

�
1 � � S

�
. Thus, the total labour force, L t = L F

t + L I
t = � S +

�
1 � � S

�
= 1 .

So, households do not reallocate workers between the two sectors and therefore there
are no reallocation costs. Thus, no labour mobility here implies no reallocation, which
means that Ri �

L i
t � 1; L i

t
�

= 1 for any L i
t � 1 6= L i

t � 0 for all sectors i 2 (F; I ).3

At the beginning of period t, N i
t � 1 workers in sector i 2 (F; I ) are matched in existing

jobs. We assume that there is an exogenous probability � i 2 [0; 1) that an existing
job match in sector i 2 (F; I ) is destroyed at the beginning of the period.4 Therefore,
the number of job searchers in sector i 2 (F; I ) at the beginning of the period is
si

t = L i
t �

�
1 � � i � N i

t � 1. Hiring takes place after jobs are destroyed, then production
takes place. Following Blanchard and Galí (2010), we assume that newly-hired workers
become productive in the period they are hired. Hence, sectoral employment has the
following dynamics

N i
t =

�
1 � � i

�
N i

t � 1 + hi
t (3.3.1.1)

Sectoral unemployment rate is ui
t = U i

t
L i

t
. The ’post-hiring’ aggregate unemployment in

the model economy is Ut = 1 � N t since Ut = UF
t + U I

t . The overall unemployment rate is
ut = Ut

1 = Ut . Following Michaillat and Saez (2015), the number of successful sector i 2

(F; I ) new matches in period t is given by a constant return to scale function, hi (si
t ; vi

t ) =
�

�
si

t
� � � i

+
�
vi

t
� � � i

� � 1
� i

, where vi
t represents the number of vacancies opened by sector

i wholesale firms and � i > 0 is a parameter characterising or governing the elasticity
of substitution of the inputs in the matching function. The consequent sectoral job

finding rate, f i �
� i

t
�

=
�

1 +
�
� i

t
� � � i

� � 1
� i

, and the sectoral vacancy filling rate, qi �
� i

t
�

=
�

1 +
�
� i

t
� � i

� � 1
� i

depend only on sectoral labour market tightness, � i
t = v i

t
si

t
. The specific

matching function we use is qualitatively similar to that of Den Haan et al. (2000) and
Hagedorn and Manovskii (2008), which is a departure from the standard Cobb-Douglas

2see Mehrotra and Sergeyev (2012)
3see Mehrotra and Sergeyev (2012)
4For simplicity, we ignore endogenous job destruction
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specification common in the search and marching literature, including studies in the
NK-DSGE literature that incorporate search frictions, like Ravenna and Walsh (2008).
A significant advantage of employing the specification used in this study is that unlike
the Cobb-Douglas specification, it ensures that matching probabilities are between
zero and one for all st and vt (see Den Haan et al. (2000) and Hagedorn and Manovskii
(2008)).5

Households

There is a unit measure of identical households, each of which consists of a continuum
workers. The members of the representative household are employed employed or
unemployed and searching for a job in the formal or informal labour markets. The
household endogenously chooses labour force participation and is free to reallocate
workers across sectors subject to a utility cost of changing the distribution of labour,
reflecting costs associated with worker retraining, relocation, and so on. The expected
life-time utility of a representative household is represented by

Ut = Et

1X

t=0

� t e" D
t

(
C1� 


t

1 � 

� �

N 1+ '
t

1 + '
� RF

�
L F

t � 1; L F
t

�
� RI

�
L I

t � 1; L I
t

�
)

(3.3.1.2)

where "D
t is a demand shock which evolves according to "D

t = � d"D
t� 1 + %d

t with
0 � � d � 1 and %d

t � N
�
0; � 2

d
�
. 
 represents the intertemporal elasticity of substi-

tution between consumption and labour and ' the parameter governing the elasticity
of labour supply. � governs the utility cost of working. This specification of � in
this household utility function implies that the disutility of labour is assumed to be
the same for formal and informal sectors. Ri (�; �) is the sector i reallocation cost
in utility terms. As with Restrepo-Echavarria (2014), Fernández and Meza (2015)
and Colombo et al. (2019), aggregate consumption, Ct is modelled as a constant elas-
ticity of substitution (CES) aggregation of formal retail goods, CF

t and informal re-

tail goods, C I
t , i.e., Ct =

�
�

1
�
F

�
CF

t

� � � 1
� + (1 � � F )

1
�

�
C I

t

� � � 1
�

� �
� � 1

where � > 0 is the
elasticity of substitution between formal and informal goods., and � F 2 [0; 1] rep-
resents the share parameter, a proxy for the size of the formal sector of the econ-
omy and is calibrated to match the size of the formal economy in steady state. The
implied price index for aggregate consumption (overall consumer price index) is

Pt =
�
� F

�
PF

t

� 1� �
+ (1 � � F )

�
P I

t

� 1� �
� 1

1� �
where pi

t = P i
t

Pt
is the relative sectoral re-

5Not guaranteeing that matching probabilities are between zero and one for all si
t and vi

t , as is
the case of the Cobb-Douglas speci�cation, makes obtaining accurate numerical solution and analysis
challenging (see Den Haan et al. (2000) and Hagedorn and Manovskii (2008)).
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tail price and P i
t is the nominal price index for sector i retail goods. The household

consumption of retail goods in sector i is also a composite of individual sector i retail

goods and is defined by C i
i =

 
R1

0 C i
i (j )


 i � 1

 i dj

! 
 i


 i � 1

where C i
i (j ) is household con-

sumption of individual retail good j and 
 i is the elasticity of substitution between
individual sector i goods. The corresponding price index for sector i retail goods is

P i
i =

� R1
0 P i

i (j ) 
 i � 1dj
� 1


 i � 1 where P i
i (j ) is the price of sector i retail good j .

Following Merz (1995) and Andolfatto (1996), we assume that members of a household
have perfect insurance against the risks associated with different employment or un-
employment outcomes, which means that the consumption decisions of individuals are
independent of their employment status. Thus, the household’s Budget Constraint(in

nominal terms) is
�
1 � � F

�
Pt wF

t N F
t +

�
1 � � I

�
Pt wI

t N I
t + Pt b(1 � N t ) + � r

t + B t � 1 = Pt Ct + Tt + qb
t B t

(3.3.1.3)
where � r is the household’s share of profits from ownership of firms, B are one-period
bond, T is a lump-sum tax (transfers) and qb = 1

1+ i is the nominal price of bonds.
with i being the short-term nominal interest rate. Employed workers in sector i earn
a real wage wi subject to wage tax at rate � i . All unemployed workers receive real
current pay-off, b representing unemployment benefit , as is standard in the literature
(see Shimer (2005), Hagedorn and Manovskii (2008) and Bosch and Esteban-Pretel
(2012)).

The household’s problem involves choosing
n

Ct ; B t ; L F
t ; L I

t ; N F
t ; N I

t

o
to maximise the

household’s expected life-time utility function equation 3.3.1.2 subject to the it’s budget
constraint, equation 3.3.1.3, the sectoral law of motion of labour, equation 3.3.1.1, the
sectoral number of job searchers, si

t = L i
t �

�
1 � � i � N i

t � 1 and the total labour force
constraint, 1 = L F

t + L I
t . The choice of labour force participation makes the initial

distribution of labour force participation,
n

L t � 1; L F
t � 1; L I

t � 1

o
and initial distribution of

employment,
n

N t � 1; N F
t � 1; N I

t � 1

o
state variables for the representative household. In

the case of the No Labour Mobility model, the sectoral number of job searchers are
sF

t = � S � (1 � � F )N F
t � 1 and sI

t =
�
1 � � S

�
�

�
1 � � I

�
N I

t � 1 for the informal and
informal sectors respectively, and the the total labour force constraint is redundant, as
the sectoral labour force for the two sectors are fixed across time.

Combining the first order conditions with respect to consumption, Ct , quantity of
bonds, B t , sectoral employment, N i

t and sectoral labour force, L i
t results in the following
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set of optimality conditions for the household

C � 

t = �e " D

t Et C
� 

t+1

(1 + i t )
1 + � t+1

(3.3.1.4)

�e " D
t Et

C � 

t+1

C � 

t

= � Et
� t+1

� t
=

1
1 + r t

(3.3.1.5)

� 2;i
t = � �N '

t +
n

(1 � � i )wi
t � b

o
C � 


t + � Et �
2;i
t+1

n�
1 � � i

� �
1 � f i

t+1

�o
(3.3.1.6)

� 2;i
t f i

t = � 3
t + Ri

L i
t

�
L i

t � 1; L i
t

�
+ � Et Ri

L i
t

�
L i

t ; L i
t+1

�
(3.3.1.7)

where � 1
t is the Lagrange multiplier on the household’s budget constraint and can be

interpreted as the marginal utility of consumption. � 2;i
t is the Lagrange multiplier on

the evolution of employment in sector i and represents a measure of the change in
utility of having an additional household member employed in sector i given real wages
wi

t . � 3
t is the Lagrange multiplier on the labour force constraint and denotes the change

in utility of an increase in the labour force by one worker for the household.

Equation 3.3.1.4 is the Euler equation for consumption and represents the condition
that governs the household’s intertemporal consumption allocation choice over time.
Log-linearising equation 3.3.1.4 around the steady state gives the standard forward-
looking New Keynesian IS curve (Mccallum & Nelson, 1997). Equation 3.3.1.5 is the
stochastic discount factor and denotes the interest rate on a riskless one-period bond.
Equation 3.3.1.7 intuitively means that the optimal behaviour of the household is to
equalise the cost (RHS) and benefit (LHS), when making a decision to allocate an ad-
ditional worker to sector i . The benefit is composed of the utility benefits of additional
sector i worker, � 2;i

t weighted by the sector i job finding rate, f i
t . The cost is composed

of the sum of the shadow value of a worker for the household � 3
t and the adjustment

cost of the labour force in sector i , which is represented by the immediate adjustment
cost Ri

L i
t

�
L i

t � 1; L i
t
�
and the future discounted cost of adjustment � Et Ri

L i
t

�
L i

t ; L i
t+1

�
. � 3

t

can be interpreted as the value the household places on marginal units of a worker’s
time supplied for work. Importantly, since the sectoral labour force is fixed in the case
of No Labour Mobility version of the model, there is no optimal labour force allocation
decision by the household and so the equations defining the optimal allocation of the
labour force is redundant. Thus, equations 3.3.1.7 is redundant in the No Mobility
version of the model.

Defining the marginal household surplusfrom an additional household member em-

ployed in sector i 2 (F; I ) measured in consumption units as SH;i
t =

@Ut
@Ni

t
� t

, where
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� t = C � 

t is the marginal utility of consumption, we can write the marginal household

surplus from an additional household member employed in sector i 2 (F; I ) measured
in current consumption units as

SH;i
t = (1 � � i )wi

t � b�
�N '

t

C � 

t

+
1

1 + r t

n�
1 � � i

� �
1 � f i

t+1

�
Et S

H;i
t+1

o
(3.3.1.8)

where @Ut
@Ni

t
= � 2;i

t , and 1
1+ r t

is the stochastic discount factor.

Wholesale Firms

It is assumed that the sector i is inhabited by a continuum of identical wholesale firms
on the unit interval. They operate in a perfectly competitive output market where
each sector i produces an identical sector i wholesale good which it sells to sector
i retail firms. The output of the wholesale firms depends on aggregate and sector-
specific technology shocks and the number of workers they employ. Hence, the decision
problem of the wholesale firms involves the choice of the number of workers to employ
and the number of vacancies to post to obtain new workers. They also bargain with
workers over the wage. The nominal cost of posting each vacancy in sector i is P i

t � i .
The creation of vacancies requires using vi retail goods, where vi is a composite of

individual sector i retail goods, vi
t =

 
R1

0 vi
t (j )


 i � 1

 i dj

! 
 i


 i � 1

. The production function of

a sector i wholesale firm is
Y i;W

t (j ) = zi A t N i
t (j ) (3.3.1.9)

where j is the index of the firm and A is aggregate productivity shock, common to all
sectors. zi � 1, can be interpreted as the level of access to public services by sector i

wholesale firms that affects the degree to which they can effectively utilised aggregate
technology in production. The aggregate productivity shock is defined by

A t = e" "
t (3.3.1.10)

where " "
t evolves according to " "

t = � " " "
t � 1 + %"

t with 0 � � " � 1 and %"
t � N

�
0; � 2

"
�
.

The optimal decision problem of the representative sector i wholesale firm is given by

max
N i

t + k ;v i
t + k

J i;W
t = Et

1X

k=0

� t+ k � t+ k

� t

(
P i;W

t+ k

Pt+ k
zi A t+ kN i

t+ k � wi
t+ kN i

t+ k � � i vi
t+ k

)

(3.3.1.11)
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subject to
N i

t+ k =
�
1 � � i

�
N i

t+ k� 1 + qi
t+ kvi

t+ k (3.3.1.12)

The first order conditions with respect to sector i vacancies and employment respec-
tively are

vi
t : 
 i

t =
� i

qi
t

(3.3.1.13)

N i
t :

P i;W
t

Pt
zi A t � wi

t � 
 i
t + Et �

� t+1

� t

 i

t+1

�
1 � � i

�
= 0 (3.3.1.14)

where 
 i
t is the multiplier on equation 3.3.1.12 and can be viewed as the shadow value

of employment to the firm. By combining the first order conditions for vacancies and
employment above, we can derive the the dynamic job creation equation for the sector
i wholesale firm as

� i

qi
t

=
zi A t

� i
t

� wi
t +

1
1 + r t

(
�
1 � � i

� � i

Et qi
t+1

)

(3.3.1.15)

where the sector i retail mark-up is � i
t =

Pt

P i;W
t

= 1
mc i

t
and � Et

� t +1
� t

= 1
1+ r t

. The dynamic
job creation condition equalises the cost of a vacancy (represented by the unit cost of
a vacancy, � i times the duration, 1=qi

t ) with expected benefit of hiring the worker. If
we define � i

t = zi A t
� i

t
� wi

t , then the net marginal hiring cost for sector i wholesale firms
is

� i
t = � i

 
1
qi

t
�

1
(1 + r t )

 �
1 � � i �

Et qi
t+1

!!

(3.3.1.16)

and the real marginal cost for sector i wholesale firm is

mci
t =

wi
t + � i

t

zi A t
(3.3.1.17)

Equation 3.3.1.16 shows that hiring a new worker in period t has two opposing effects on
the recruitment costs. The first effect, represented by the term � i

qi
t
, increases the recruit-

ment costs in period t and the second effect, represented by the term �
�

1� � i

1+ r t

�
� i

Et qi
t +1

reflects a reduction in the cost of hiring new workers in the next period, t + 1 . This is
intuitive, as the undertaking of high levels of hiring in period t reduces the need to hire
in period t + 1 . The real marginal cost, equation 3.3.1.17, also represents the marginal
contribution of output to the revenue of the wholesale firm. The key difference the real
marginal cost in this model and the case if we assumed a neoclassical labour market
is that in the latter case, the real marginal cost is equal to the real wage paid to the
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worker divided by their marginal productivity. Equation 3.3.1.17 therefore reveals that
including hiring costs in the model introduces a wedge between the sectoral real wage
and the sectoral marginal cost of firms. We can rearrange the dynamic job creation
equation in terms of real wage of sector i as

wi
t =

zi A t

� i
t

�
� i

qi
t

+
1

1 + r t

(
�
1 � � i

� � i

Et qi
t+1

)

(3.3.1.18)

That is, the sector i real wage, wi
t is equal to the marginal product of labour for the

sector, zi A t
� i

t
less the expected cost of hiring the matched worker, � i

qi
t
, plus the expected

saving from not having to post a vacancy in the next period (expressed in units of the
final good). Note that the probability of matching a vacancy for the sector i wholesale
firm is qi

t . Hence, for the sector i wholesale firm to expect to hire one worker, it must
post 1

qi
t
vacancies at a unit cost � i . By defining the marginal surplus to the sector

i wholesale firm from hiring an additional worker as SF;i
t = @Ji;Wt

@Ni
t
, we can write the

marginal surplus to the sector i wholesale firm from hiring an additional worker is

SF;i
t = 
 i

t =
zi A t

� i
t

� wi
t +

1
1 + r t

(
�
1 � � i

� � i

Et qi
t+1

)

(3.3.1.19)

since SF;i
t+1 = � i

Et qi
t +1

. That is, the marginal surplus to the sector i wholesale firm from
hiring an additional worker is a function of the marginal revenue product of labour less
the real wage, plus the discounted continuation value.

Wage Determination

We assume that real wages are endogenously determined by Nash bargaining between
competitive sector i wholesale firms and individual workers. The wage bargain shares
the surplus from a job match between both parties depending on their relative bargain-
ing powers. The solution to the generalised Nash bargaining problem that determines
the way rent or surplus from the match is distributed between the sector i wholesale
firm and the worker in sector i involves choosing the real wage, wi

t the maximises the
Nash product

max
w i

t

�
SH;i

t

� � i �
SF;i

t

� 1� � i

(3.3.1.20)

where SH;i
t and SF;i

t are defined by equations 3.3.1.8 and 3.3.1.19 respectively, and
where � i 2 (0; 1) is the relative bargaining power of a worker in sector i .
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The first order condition with respect to wi
t results in

�
1 � � i

�
SH;i

t =
�
1 � � i

�
� i SF;i

t (3.3.1.21)

Using the dynamic job creation equation (3.3.1.15), the equation characterising the
household surplus (3.3.1.8) and the Nash Bargaining solution (3.3.1.21 ), we can derive
the specific form of the sector i real wageas

wi
t =

�
1 � � i

�
(1 � � i ) � 1

 

b+
�N '

t

C � 

t

!

+ � i

 
zi A t

� i
t

+
1

1 + r t

�
1 � � i

�
� i Et � i

t+1

!

(3.3.1.22)

That is, the real wage of the marginal worker in sector i is the weighted average between
the worker’s real marginal revenue product plus the cost to the firm of replacing the
worker and any outside options the worker has, as well as the opportunity cost of
working.

Arbitrage Condition

In this version of the model households can costlessly reallocate all the formal labour
force and informal labour force to search for jobs with both formal and informal sector
wholesale firms.

Costless reallocation means that Ri �
L i

t � 1; L i
t
�

= 0 for all L i
t � 1; L i

t � 0 for all sectors
i 2 (F; I ).6 This means that equation 3.3.1.7 becomes � 2;F

t f F
t = � 3

t and � 2;I
t f I

t = � 3
t

for formal and informal sectors respectively. Hence,

� 2;F
t f F

t = � 2;I
t f I

t (3.3.1.23)

Combining equations 3.3.1.19 and 3.3.1.23 with @Ut
@Ni

t
= � 2;i

t we have

f F
t SH;F

t = f I
t SH;I

t (3.3.1.24)

Thus, households would continue to reallocate workers to all sectors until the sectoral
household surplus, weighted by the respective sectoral job finding rates are equalised.
The intuition behind equation 3.3.1.24 is that, in an environment where households
can direct workers to search for jobs in one of two sectors with different labour market
tightness, there must be an arbitrage condition that requires that the expected returns

6see Mehrotra and Sergeyev (2012)
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from searching in both sectors must be equalised. This means that, if the the surplus
in the formal sector is higher, then the job finding rate in the informal sector must be
higher. Using Nash Bargaining, equation 3.3.1.21, we can rewrite equation 3.3.1.24 as

f F
t

�
1 � � F

�
 

� F

1 � � F

!

SF;F
t = f I

t

�
1 � � I

�
 

� I

1 � � I

!

SF;I
t (3.3.1.25)

Also, using the firm’s marginal surplus relation, SF;i
t = � i

qi
t
we can rewrite equation

3.3.1.35 as

�
1 � � F

�
 

� F

1 � � F

!

� F � F
t =

�
1 � � I

�
 

� I

1 � � I

!

� I � I
t (3.3.1.26)

Equation 3.3.1.26 is an arbitrage condition. It is a version of the generalised Jackman-
Roper condition of Şahin et al. (2014), which shows that the sectoral labour tightness
are equalised up to a wedge term reflecting the differences in bargaining power and
vacancy costs. The wedge term in our case is given by

� I
t =

8
<

:

(1 � � F )
�

� F

1� � F

�

(1 � � I )
�

� I

1� � I

�

 
� F

� I

! 9
=

;

| {z }
Wedge Term

� F
t (3.3.1.27)

In the special case where bargaining power is the same across the sectors, i.e. � F = � I ,
the vacancy posting costs are also the same across the sectors, i.e. � F = � I , and the
labour income tax rates are also the same across the sectors, i.e. � F = � I , we obtain:

� F
t = � I

t (3.3.1.28)

Equation 3.3.1.28 is the Jackman and Roper (1987) condition, where labour market
tightness are equalised across sectors. Mehrotra and Sergeyev (2012) make this as-
sumption when dealing with a two-sector economy model made up of construction and
non-construction sectors for the US economy. Our version of the Jackman-Roper con-
dition in equation 3.3.1.26 is more general, as it allows for different bargaining powers,
unit vacancy costs and labour income tax rates across the sectors.

In the case with Complete Labour Mobility, equation 3.3.1.26 represents an extra equi-
librium equation. This equation is not relevant in the No Labour Mobility variant
because the arbitrage condition is not relevant, as there is no labour reallocation. This
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difference is the main driver of the differences in the dynamics between our Two Sector
models; the Complete Labour Mobility model and the No Labour Mobility model. If we
loglinearise the Jackman-Roper condition in the Two Sector Complete Labour Mobility
model, equation 3.3.1.26 around its steady state, we get �̂ F

t = v̂F
t � ŝF

t = v̂I
t � ŝI

t = �̂ I
t .

So, when a shock hits, which results in v̂F
t > v̂I

t , then for the Jackman-Roper condition
to hold, we must have ŝF

t > ŝI
t . That is, households would reallocate workers from

the informal sector to the formal sector. Similarly, if a shock hits, which results in
v̂F

t < v̂I
t , then the Jackman-Roper condition requires that we have ŝF

t < ŝI
t . Thus,

households would reallocate workers from the formal sector to the informal sector. It
is also important to note that the Jackman-Roper condition exerts a moderating effect
on how vacancies are also varied in response to a shock from the perspective of whole-
sale firms. Owing to the Jackman-Roper condition, wholesale firms in one sector of
the Two Sector model with complete labour mobility between the two sectors, if they
are interested in securing a match, have to consider the job creation decision of the
wholesale firms in the other sector in determining the extent to which they can vary
the number of vacancies they post in response to a shock. This is because that decision
impacts the number of searchers households would allocate to search for job in their
sector as opposed to the other sector, directly affecting their ability to have a successful
match. This is an important mechanism if there is complete labour mobility between
the two sectors in the Two Sector model and this moderating influence is not present
in the Two Sector model with no labour mobility due to absence of the Jackman-Roper
condition.

Retail Firms

Retail firms in sector i purchase wholesale goods from sector i wholesale firms in a
competitive inputs market and transform them costlessly into differentiated sector i

retail goods sold to households and wholesale firms in sector i in a monopolistically
competitive output market. Retail firm j in sector i is the sole producer of sector i

retail good j and faces a downward-sloping demand curve, as well as set the prices
of their outputs. Government also purchases retail goods with a demand function for

good j of sector i of Gi
t (j ) =

�
P i

t (j )
P i

t

� � 
 i

Gi
t , where Gi

t is a composite of individual

sector i retail goods, Gi
t =

 
R1

0 Gi
t (j )


 i � 1

 i dj

! 
 i


 i � 1

. Since retail goods are purchased by

households and wholesale firms, the total demand for good j of sector i retail firm j is

Y i
t (j ) = C i

t (j ) + Gi
t (j ) + � i vi

t (j ) =

 
P i

t (j )
P i

t

! � 
 i

Y i
t (3.3.1.29)
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where Y i
t = C i

t + Gi
t + � i vi

t .

The production function of retail firm i in sector i is a one-to-one technology given as

Y i
t (j ) = Y i;W

t (j ) (3.3.1.30)

where Y i;W
t (j ) is the amount of sector i wholesale goods purchased by the retail firm

j in sector i . We assume that each sector i retail firm sets prices following a staggered
pricing mechanism à la Calvo (1983). 7 Each firm faces an exogenous probability of
changing prices given by

�
1 � ! i � in a period.8

The decision problem is

max
P i �

t (j )
Et

( 1X

k=0

�
! i

� k
Qt;t + k

"
P i

t (j )
P i

t+ k
Y i

t+ k (j ) �
P i;W

t+ k (j )

P i
t+ k

�
Y i

t+ k (j )
�

#)

(3.3.1.31)

subject to

Y i
t+ k (j ) =

 
P i

t (j )
P i

t+ k

! � 
 i

Y i
t+ k (3.3.1.32)

where Qt;t + k = � k � t + k
� t

= � k Uc;t + k
Uc;t

is the stochastic discount factor. Therefore, the
optimal reset price for sector i retail good is given by

P i �
t (j )
P i

t
= � i

�
1 � �! i

�
Et

1X

k=0

�
�! i

� k
mci

t+ k (j ) (3.3.1.33)

where P i �
t (j ) is the chosen retail price by the re-optimising sector i retail firm j at time

t and � i = 
 i


 i � 1 , since
P i;W

t + k (j )

P i
t + k

= mci
t+ k (j ).

Equation 3.3.1.33 essentially says that, the current price chosen by the re-optimising
sector i retail firm is a mark-up over the present value of the marginal costs of sector
i retail good. In steady-state, the price of sector i retail good is a mark-up � i = 
 i


 i � 1

over the marginal costs (i.e. the price of sector i wholesale good). A log-linearisation of
equation 3.3.1.33 around the zero inflation steady-state would yields the sectoral New
Keynesian Phillips Curve.

7Alternative ways of modelling price rigidities include the use of Taylor contracts (Chari et al., 2000)
or by using convex price adjustment costs, with no staggering (Hairault & Portier, 1993; Rotemberg,
1996). Using any of these alternative approaches would have little impact on the substantive results.

8This implies that the average duration for which prices are left unchanged is given by
�

1
1� ! i

�
.
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Monetary Policy and Government

We assume that the nominal interest rate is using the simple Taylor rule

i t = �i (1 + Et � t+1 ) � � e" i
t (3.3.1.34)

where " i
t evolves according to " i

t = � i " i
t � 1 + %i

t with 0 � � i � 1 and %i
t � N

�
0; � 2

i
�
.

Equation 3.3.1.34 implies that the central bank runs a policy that reacts to a rise in
inflation by increasing nominal interest rates. The parameter � � is the Taylor-rule
coefficient and represents the long-run elasticity of inflation with respect to nominal
interest rate, the central bank’s policy instrument. The Taylor principle requires that
� � > 1.

On the fiscal side, government consumption is a CES aggregate of formal and informal

retails good, Gt =
�
�

1
�
G

�
GF

t

� � � 1
� + (1 � � G)

1
�

�
GI

t

� � � 1
�

� �
� � 1

, where � is the same in-
tertemporal elasticity in the household’s aggregate consumption bundle and 0 � � G � 1

is the share of government spending on formal retail goods. Gt is determined exoge-
nously as a fraction of real GDP, Yt and is given by Gt =

�
1 � 1

g

�
Yt , where g is a

parameter governing the ration of government spending to GDP. The government fi-
nances government consumption Gt and unemployment benefits, b by imposing wage
income taxes at a rate of � i on households. Each period, the government maintains a
balanced budget by imposing a lump-sum tax (transfer), Tt . Hence, the government
budget constraint is given as

� F Pt wF
t N F

t + � I Pt wI
t N I

t + Pt Tt = Pt Gt + Pt b(1 � N t ) (3.3.1.35)

Market Clearing and Aggregation

In equilibrium, all markets clear and the model is closed with the following sectoral
identity:

Y i
t = C i

t + Gi
t + � i vi

t (3.3.1.36)

However, we assume that government purchases are composed only of formal sector
retail goods. So, � G = 1 . Hence, the resource constraints of the two sectors are

Y F
t = CF

t + GF
t + � F vF

t (3.3.1.37)

Y I
t = C I

t + � I vI
t (3.3.1.38)
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Finally, aggregate (real) output in the economy is defined as

Yt = pF Y F
t + pI Y I

t (3.3.1.39)

where pF = P F

P and pI = P I

P are the steady-state values of the relative prices of formal
and informal retail goods respectively.

Refer to chapters 1 and 2 for the solutions and the log-linearised versions of the models.

3.3.2 One-Sector Model (without Informality)

We construct a One Sector version of the model in section 3.3.1. This is a one-sector
closed-economy model without informality. As most of the structural make-up of the
One Sector model is analogous to the Two Sector model, for brevity, we set out only
the most relevant parts of the One Sector model and also the parts that are materially
different from the Two Sector model, as a way of avoiding unnecessary repetitions.

Similar to the Two Sector model, there are two main types of firms; wholesale and
retails firms. However, unlike the Two Sector model, there is only one type of wholesale
characterised by labour market frictions à la the DMP model and flexible prices and
only one type of retail firm characterised by monopolistic competition, and sticky prices.
à la the Calvo pricing mechanism.

As with Two Sector model, there is a mass of identical workers comprising the labour
force, L t of size 1, composed of employed workers, N t who supply labour to the whole-
sale firms for wage, wt (subject to wage tax, � ) and unemployed workers, Ut who re-
ceive unemployment benefits, b. Thus, we have L t = N t + Ut = 1 . Following the same
assumptions made in the two-sector model, aggregate employment has the following
dynamics

N t = (1 � � ) N t � 1 + st f t (3.3.2.1)

where st = 1 � (1 � � ) N t � 1 is the fraction of aggregate job searchers, � 2 [0; 1) is the
exogenous job destruction rate and f t is the aggregate job finding rate. The ‘post-hiring’
aggregate unemployment in the model economy is Ut = 1 � N t since the number of new
matches (new hires) is ht = st � Ut . The overall unemployment rate is ut = Ut

1 = Ut .

Aggregate hiring is determined by function ht =
�
s� �

t + v� �
t

� � 1
� where vt is aggregate

vacancies and � > 0 is a parameter governing the elasticity of substitution of the
inputs in the matching function. This means that the aggregate job finding rate,
f t =

�
1 + � � �

t

� � 1
� and the aggregate vacancy filling rate qt = (1 + � �

t ) � 1
� depend on
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the aggregate labour market tightness � t = vt
st
.

As in the Two Sector model, households derive flow utility from consumption, Ct and
disutility from employment, N t . Unlike in the Two Sector model, here consumption is
not modelled as a CES aggregation, as there is only one type of retail good. We can al-
ternatively view it as a case of the baseline model, where the share of informal consump-
tion, (1 � � F ) = 0 . So, aggregate consumption is a composite of individual retail good

j and is defined by the Dixit and Stiglitz (1977) aggregator, Ct =
�

R1
0 Ct (j )


 c � 1

 c dj

� 
 c


 c � 1

where Ct (j ) is household consumption of individual retail good j and 
 c is the elas-
ticity of substitution between individual goods. The corresponding price index for
retail goods is Pt =

� R1
0 Pt (j ) 
 c � 1dj

� 1

 c � 1 where Pt (j ) is the price of retail good j .

The household’s allocation of retail good j , derived by solving the cost minimisation
problem of the household, is described by the following demand function

Ct (j ) =
�

Pt (j )
Pt

� � 
 c

Ct (3.3.2.2)

where Pt (j )
Pt

is the firm j relative retail price.

Analogous to the Two Sector model, the household’s budget constraint is

(1 � � )Pt wt N t + Pt b(1 � N t ) + � r
t + B t � 1 = Pt Ct + Tt + qb

t B t (3.3.2.3)

where � r , B , T and qb are as defined in the Two Sector model. Since there is informal
sector here, there are no reallocation costs. Hence, the household’s problem involves
maximising the household’s utility

max
f Ct ;B t ;N t g

Et

1X

t=0

� t e" D
t

(
C1� 


t

1 � 

� �

N 1+ '
t

1 + '

)

(3.3.2.4)

subject to the household’s budget constraint, equation 3.3.2.3, the evolution of aggre-
gate employment, equation 3.3.2.1 and aggregate job searchers, st = 1 � (1 � � ) N t � 1

where "D
t is a demand shock which evolves according to "D

t = � d"D
t� 1 + %d

t with
0 � � d � 1 and %d

t � N
�
0; � 2

d
�
.

The set of optimality conditions for the householdare

C � 

t = �e " D

t Et C
� 

t+1

(1 + i t )
1 + Et � t+1

(3.3.2.5)
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�e " D
t Et

C � 

t+1

C � 

t

= � Et
� t+1

� t
=

1
1 + r t

(3.3.2.6)

� 2
t = � �N '

t + f (1 � � )wt � bgC � 

t + � Et � 2

t+1 f (1 � � ) (1 � f t+1 )g (3.3.2.7)

Analogous to the Two Sector model, the marginal household surplusfrom an additional
household member employed, measured in consumption units is

SH
t = (1 � � )wt � b�

�N '
t

C � 

t

+
1

1 + r t
Et

n
(1 � � ) (1 � f t+1 ) SH

t+1

o
(3.3.2.8)

where we define SH
t =

@Ut
@Nt
� t

with @Ut
@Nt

= � 2
t .

The wholesale firm operates in a perfectly competitive output market with the produc-
tion function

Y W
t (j ) = zAt N t (j ) (3.3.2.9)

where j is the index of the firm and A is aggregate productivity shock, common to all
wholesale firms. z � 1 can be interpreted as the level of access to public services by
wholesale firms that affects the degree to which they can effectively utlised aggregate
technology in production. The aggregate productivity shock is defined by

A t = e" "
t (3.3.2.10)

where " "
t evolves according to " "

t = � " " "
t � 1 + %"

t with 0 � � " � 1 and %"
t � N

�
0; � 2

"
�
.

The optimal decision problem of the representative wholesale firm is given by

max
N t + k ;vt + k

J W
t = Et

1X

k=0

� t+ k � t+ k

� t

(
PW

t+ k

Pt+ k
zAt+ kN t+ k � wi

t+ kN t+ k � �v t+ k

)

(3.3.2.11)

subject to
N t+ k = (1 � � ) N t+ k� 1 + qt+ kvt+ k (3.3.2.12)

The first order conditions with respect to vacancies and employment respectively are

vt : 
 t =
�
qt

(3.3.2.13)
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N t :
PW

t

Pt
zAt � wt � 
 t + Et �

� t+1

� t

 t+1 (1 � � ) = 0 (3.3.2.14)

where 
 t is the Lagrange multiplier associated with equation 3.3.2.12.

Combining the first order conditions of vacancies and employment, we can derive the
net marginal hiring cost for wholesale firms as

� t = �
�

1
qt

�
1

(1 + r t )

�
(1 � � )
Et qt+1

��
(3.3.2.15)

where we define � t = zA t
� t

� wt and � Et
� t +1

� t
= 1

1+ r t
. We can therefore write the real

marginal cost for wholesale firm is

mct =
wt + � t

zAt
(3.3.2.16)

since the retail mark-up, � t = Pt
P W

t
= 1

mc t
. The dynamic job creation equation for the

wholesale firm is therefore

�
qi

t
=

zAt

� t
� wt +

1
1 + r t

�
(1 � � )

�
Et qt+1

�
(3.3.2.17)

We can write the marginal surplus to the wholesale firm from hiring an additional
worker as

SF
t =

zAt

� t
� wt +

1
1 + r t

�
(1 � � )

�
Et qt+1

�
(3.3.2.18)

where we define SF
t = @JWt

@Nt
, recalling that SF

t+1 = �
Et qt +1

.

The Nash-bargained wage is derive by choosing real wage, wt the maximises the Nash
product

max
wt

�
SH

t

� � �
SF

t

� 1� �
(3.3.2.19)

where � 2 (0; 1) is the relative bargaining power of worker. The first order condition
with respect to wt results in

(1 � � ) SH
t = (1 � � ) �S F

t (3.3.2.20)

Hence, analogous to the Two Sector model, the real wageis given by

wt = (1 � � ) (1 � � ) � 1

 

b+
�N '

t

C � 

t

!

+ �
�

zAt

� t
+

1
1 + r t

(1 � � ) � Et � t+1

�
(3.3.2.21)
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The representative retail firm, on the other hand, is monopolistically competitive and
prices are sticky. It chooses the nominal price P �

t (j ) to solve the profit maximisation
problem

max
P �

t (j )
Et

( 1X

k=0

(! )kQt;t + k

"
Pt (j )
Pt+ k

Yt+ k (j ) �
PW

t+ k (j )
Pt+ k

(Yt+ k (j ))

#)

(3.3.2.22)

subject to the production function, Yt (j ) = Y W
t (j ) and the demand constraint, Yt+ k (j ) =�

Pt (j )
Pt + k

� � 

Yt+ k , where where Qt;t + k = � k � t + k

� t
= � k Uc;t + k

Uc;t
is the stochastic discount fac-

tor, 
 is the elasticity of substitution among varieties of retail goods and ! is the
probability that the retail firm will not be able to optimally reset its price in a period.

The optimal reset price for retail goods is given by

P �
t (j )
Pt

= � (1 � �! ) Et

1X

k=0

(�! )kmct+ k (j ) (3.3.2.23)

where P �
t (j ) is the chosen retail price by the re-optimising retail firm j at time t and

� = 


 � 1 is a mark-up over the marginal costs (i.e. , the price of wholesale good), since

P W
t + k (j )
Pt + k

= mct+ k (j ). A log-linearisation of equation 3.3.2.23 around the zero inflation
steady-state would yields the New Keynesian Phillips Curve.

Government purchases Gt (j ) retail goods from retail firm j with the demand function
Gt (j ) =

�
Pt (j )

Pt

� � 
 c

Gt where the value of aggregate government consumption is deter-

mined exogenously as a fraction of real GDP, Yt and is given by Gt =
�
1 � 1

g

�
Yt . It

finances government consumption Gt and unemployment benefits, busing wage income
taxes levied on households at a rate of � on households. It maintains a balance budget
each period by imposing a lump-sum tax (transfer), Tt :

�P t wt N t + Pt Tt = Pt Gt + Pt b(1 � N t ) (3.3.2.24)

As in the Two Sector model, the central bank sets the nominal interest rate using the
simple Taylor rule

i t = �i (1 + Et � t+1 ) � � e" i
t (3.3.2.25)

where " i
t evolves according to " i

t = � i " i
t � 1 + %i

t with 0 � � i � 1 and %i
t � N

�
0; � 2

i
�
.
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In equilibrium, all markets clear and the model is closed with the following identity

Yt = Ct + Gt + �v t (3.3.2.26)

Please, refer to chapters 1 for the solution and the log-linearised version of the model.

3.4 Econometric Methodology

3.4.1 The VAR Model

The economy is represented by
Yt = B (L)ut (3.4.1.1)

Equation 3.4.1.1, also known as the Frisch (1933) and Slutzky (1937) representation of
structural vector autoregressions (SVARs) says that the economy represented by a n� 1

vector of stationary economic variables, Yt , which can be represented as the product of a
n� n matrix of polynomials in the non-negative powers of the lag operator L , B (L) and a
n � 1 vector of macroeconomic structural shocks or structural innovations, ut , which
is a vector of white noise process with zero serial correlation and zero mean.9 That
is, ut � WN (0; I n ). I n is an n � n identity matrix, reflecting the assumption that the
structural shocks are orthogonal to each other. That is, the variance-covariance matrix
of the structural error term, is typically normalised such that we have: E (ut u0

t ) �

� u = I n , which means that there are as many shocks as we have variables in the model,
although we do not identify all the shocks in our empirical study. 10 In other words, the
elements of ut are serially uncorrelated and independent of each other and the variance
of all the structural shocks is normalised to unity. The vector of structural shocks have
dimension n � 1, where n is the number of macroeconomic variables, implying that ut

includes all the structural shocks hitting the economy at a point in time (e.g. monetary
policy shocks, technology shocks, demand shocks, fiscal shocks, etc). It is important
to state that for equation 3.4.1.1 to be considered a structural VAR model, it is vital
that the elements of the structural shocks, ut are uncorrelated and are economically
interpretable. 11.

9The idea or world we have in mind here is that any two shocks in this model economy are uncorre-
lated, for instance an oil price shock is not correlated with a monetary policy shock. That is we have
Cov (uit ; ujt ) = 0 for j 6= i .

10 It is convenient to have at least as many structural shocks as we have variables or time series, as
it avoids singularities in � (see Uhlig (2017), Chapter 4). It is, however, conceivable to have more
structural shocks than observable time series/variables (see for instance Schmitt-Grohé and Uribe
(2012) for an example of this.

11 Note also that ut � W N (0; I n ) implies that one can move one of the shocks, keeping the other
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The matrix B (L) represents the impulse response functions

B (L) =
1X

k=0

BkL k = B0 + B1L + B2L 2 + : : : (3.4.1.2)

where Bk are the matrix of coefficients and L i Yt = Yt � i is the lag operator. That is,
B (L) is the n � n matrix of impulse response functions that tells us what the effects
of the structural shocks, ut on economic variables over time. It is a moving average
representation that tells us the dynamic effects on the economy following a shock, ut .
So, our economy is one where there are random events, ut transmitted onto Yt by means
of the matrix of impulse response B (L).12

As Yt is assumed to be stationary, this vector of time series also admits the Wold
representation

Yt = C(L)" t (3.4.1.3)

where C(L) =
P 1

k=0 CkL k = I + C1L + C2L 2 + : : : are the Wold impulse response
functions, CkL k with k = 1 ; 2; : : : are matrices of coefficients and " t � WN (0; �) . That
is, the vector of stationary time series Yt can be represented by a product of another
matrix of impulse response function C(L) and a vector of reduced-form shocks. 13

A key assumption is that the reduced-form (or Wold) shocks are combinations of the
structural shocks as below

" t = B0ut (3.4.1.4)

where B0 is non-singular and must satisfy the restriction B0B 0
0 = � . 14. The innova-

shocks �xed, which means that we can focus on the causal e�ects of one of the shocks at a time. The
requirement for the elements of the structural shocks to be mutually correlated is vital to enable a
causal interpretation of the responses of the individual endogenous variables to a speci�c shock in a
time period. If the shocks are correlated, it becomes impossible to interpret the changes in speci�c
endogenous variables as a causal e�ect of a speci�c shock.

12 Note that the structural model here is Yt = B0ut + B1ut � 1 + B2ut � 2 + : : :. So, B0 is the matrix
that represents the e�ects of a shock on Yt in period t. In other words, B0 is the partial derivative of
Yt with respect to ut . So for instance in a bivariate case where we have two variables, say in�ation
� t and interest rate i t and two shocks, say demand shocku1t and monetary policy shock u2t , we have

Yt =

�
� t

i t

�
, B0 =

�
B 11

0 B 12
0

B 21
0 B 22

0

�
and ut =

�
u1t

u2t

�
. That is,

�
� t

i t

�
=

�
B 11

0 B 12
0

B 21
0 B 22

0

� �
u1t

u2t

�
. So,

element B 11
0 of matrix B0 is the e�ect of shock 1 on variable 1, element B 12

0 is the e�ect of shock 2 on
variable 1, element B 21

0 is the e�ect of shock 1 on variable 2 and element B 22
0 is the e�ect of shock 2

on variable 2.
13 Note that " t is not the same as the structural shocks, as the elements of� do not have a diagonal

variance-covariance matrix. In contrast to the structural shocks that are orthogonal, the reduced-form
shocks (reduced-form residuals) are correlated with each other because the elements of" t inherit all
the contemporaneous relations among the endogenous variables,Yt .

14 This is from � = var ( " t ) = E (" t " 0
t ) = E (B0ut u0

t B
0
0) = B0E (ut u0

t ) B 0
0 = B0 var (ut ) B 0

0 =
B0 I n B 0

0 = B0B 0
0 .
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tions, " t is seen as the difference between the vector of time series, Yt and its projection
unto its past, i.e. " t = Yt � proj ( Yt j Yt � 1; Yt � 2; : : :). So that, " t includes all parts of
the time series that are not predictable using the past. So, equation 3.4.1.4 assumes
that this random parts of the time series, i.e. the innovation, " t is a combination of
the underlying/structural shocks. In order to make causal statements, for instance on
the effects of an element of ut , say a monetary policy shock, on an element of Yt , say
GDP, we have to find a way of recovering B0, which is the essence of identification in
VAR models. Equation 3.4.1.4 implies that we have

Yt = C(L)B0ut (3.4.1.5)

and therefore the structural impulse response function is

B (L) = C(L)B0 (3.4.1.6)

An implicit assumption of using Wold representation is that the economy in question
is fundamental (or simply that the structural shocks are fundamental with respect to
the variables that have been included in the model), implying that we can recover the
structure shocks as linear combinations of the observed present and past values of such
variables. This assumption assumption can only hold true if economic agents do not
have larger information space than the econometrician. If that is not the case, the rep-
resentation is considered non-fundamental, which means that the observed variables do
not contain sufficient information to recover the vector of unobserved structural shocks
and the impulse responses (see Hansen and Sargent (1980), Sargent and Hansen (1991),
Lippi and Reichlin (1993, 1994), Chari, Kehoe, and McGrattan (2005), Fernández-
Villaverde, Rubio-Ramirez, and Sargent (2005), Giannone and Reichlin (2006) and
Ramey (2011) among others). 15 In that case, all identification schemes, including sign
restrictions and others discussed in subsection 3.4.3 will fail to recover the true struc-
tural shocks, thereby making the impulse responses and variance decompositions from
the structural VAR misleading and unreliable (see Lippi and Reichlin (1993, 1994)).
Simply ignoring this could mean one identifies seemingly structural shocks that have no
economic meaning. Sims (2012), Beaudry, Fève, Guay, and Portier (2015) and Soccorsi
(2016) have shown that the presence of fundamentalness does not necessarily mean

15 Forni and Gambetti (2014), Forni, Gambetti, and Sala (2014), Chen, Choi, and Escanciano (2017)
and Canova and Hamidi Sahneh (2018) have proposed some procedures of detecting fundamentalness).
Some studies, including Giannone and Reichlin (2006) and Forni and Gambetti (2014) have suggested
that expanding the information set of the econometrician may help in solving the problem of non-
fundamentalness.
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that a VAR performs unreliably, as even with non-invertibility, the wedge between the
VAR innovations and the economic shocks could be quite small that the SVARS may
still perform pretty well at recovering the structural shocks. Many economic models in
the literature are known to produce equilibrium solutions that have non-fundamental
representations, including the permanent income models (see Fernández-Villaverde,
Rubio-Ramírez, Sargent, and Watson (2007)), news shock (see Feve, Matheron, and
Sahuc (2009), Feve and Jidoud (2012), Blanchard, L’Huillier, and Lorenzoni (2013)
and Forni et al. (2014)), fiscal foresight ( see Leeper, Walker, and Yang (2008, 2013)),
among others. Alessi, Barigozzi, and Capasso (2011) produces a comprehensive survey
of the literature on this.

The Wold representation is fundamental and therefore any (static) combination of the
Wold impulse response function and residuals will generate a fundamental represen-
tation, as det (C(L)B0) = det( C(L)) det ( B0). Consequently, the matrix of matrix
of structural impulse responses, B (L) has the same roots as the matrix of Wold im-
pulse responses, C(L). If none of the roots is on the unit circle, then there exists an
infinite-VAR representation

A(L)Yt = " t (3.4.1.7)

where A(L) = C(L) � 1 = I � A1L � A2L 2 � : : : denotes the autoregressive lag order
polynomial. 16 This can be approximated as finite-order VAR below since the coeffi-
cients associated to further lags are small, owing to invertibilty. So, we can have an
n-dimensional VAR of order p below 17

Yt = A1Yt � 1 + A2Yt � 2 + : : : + ApYt � p + " t (3.4.1.8)

where A j ; j = 1 ; : : : ; p are matrices of coefficients.

So, the vector of time series Yt depends on its past plus a vector of white noise, " t .
Equation 3.4.1.8 is in a reduced-form because all the variables on the right-hand side are
lagged or predetermined and the instantaneous relationship between the variables are
captured in the residual covariance matrix (Lütkepohl, 2013). To obtain the matrix
of structural impulse responses, B (L) and vector of structural shocks, ut , we would
estimate the VAR( p) in equation 3.4.1.8 to obtain an estimate of the vector of reduced-

16 This comes from the assumption that the Wold representation is fundamental. So the matrix
C(L ) is invertible, i.e. C(L ) � 1C(L ) = I . If C(L ) � 1 = A(L ), a matrix of polynomials in L with
coe�cients that do not explode and these coe�cients satisfy some conditions, then the process is said
to be invertible.

17 A(L )Yt = Yt � A1Yt � 1 � A2Yt � 2 � : : : � ApYt � p = " t . Hence, we can write Yt = A1Yt � 1 + A2Yt � 2 +
: : : + ApYt � p + " t .
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form shocks, " t and the matrix of reduced-form impulse responses, C(L) from the data.
18 The latter is obtained by inverting the matrix A(L). B (L) and ut are recovered as
linear combinations of C(L) and " t using equations 3.4.1.6 and 3.4.1.4 respectively, after
obtaining B0 through identification. Standard estimation techniques can be employed
to obtain consistent estimates of the reduced-form parameters, A j ; j = 1 ; : : : ; p, the
reduced-form innovations " t , and their corresponding covariance matrix E (" t "0

t ) = � .
Identification involves finding a mapping from the reduced-form VAR to its structural
counterpart. It involves finding the matrix B0 such that � = B0B 0

0. 19 Fernández-
Villaverde et al. (2007) show that if we have a strictly invertible economic model, i.e. if
all the roots of jB (L )j are strictly outside the unit circle, then there exists one and only
one identification scheme that can recover the SVAR from the reduced-form VAR. They
further show that the mapping of " t and ut is " t = B0ut , which means that knowing
B0 would lead to a recovery of the SVAR representation from the reduced-form since
ut = B � 1

0 " t . We can also recover B j = B0A j for all j = 1 ; : : : ; p. If at least one of the
roots of jB (L )j is inside the unit circle, then we have a non-fundamental model and as
explained earlier, we cannot recover the underlying structural shocks from the present
and past observations of the variables that have been included in the VAR. If at least one
of the roots of jB (L )j is on the unit circle, we still have a fundamental representation,
but it is not invertible and therefore Yt does not have a VAR( 1 ) representation. 20

Fundamentalness and invertibility are sometime used interchangeably, but they are
technically different in the sense that in using them interchangeably, one is in essence
ruling out unit roots in the determinant of the matrix of structural impulse responses,
B (L) ( see Chen et al. (2017)). So, invertibility implies that we have fundamentalness,
but fundamentalness does not necessarily imply invertibility. Note that all the elements
of the B0 matrix are constants, implying that the response of the structural shocks on
the economy is independent of time. This is an implicit assumption emanating from our
specification of the economy in equation 3.4.1.1. An alternative approach is to assume
that the effects are changing over time, in which case one would employ a Time-Varying
Coefficient Structural VARs (TVC-SVAR) (see Primiceri (2005), Galí and Gambetti
(2009), Korobilis (2013), Koop and Korobilis (2013), Mumtaz and Zanetti (2013) and

18 Our goal is to disentangle the u0s from the " 0s.
19 This is challenging since there are in�nite combinations of B0 that gives � . Note that B0 cannot be

estimated from the data because the likelihood function of the VAR model would depend on the VAR
parameters A j ; j = 1 ; : : : ; p and the variance-covariance matrix of the residuals � . But B0B 0

0 = � for
all B0 , therefore the likelihood function would always be the same because it depends on� . The B0

is always splitting the decomposition of � which we decide, but would give us the same� . Therefore,
the data would not be able to tell us the identi�cation of the shock. This is something that we have to
decide based on theoretical considerations. Thus,B0 cannot be estimated, it has to be imposed. And
to impose B0 , we have the restriction of B0B 0

0 = � plus any other applicable restriction from theory.
20 So, invertibility requires that all the roots of jB (L )j are strictly larger than 1 in modulus.
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Eisenstat and Strachan (2016), among others.). 21 This is not the approach we use here
because our data is not informative enough to identify the time-varying coefficients. In
TVC-SVARs, the coefficients of the model are allowed to change over time, but this also
means that there are more parameters to estimate. If the data is not informative enough
to identify the time-varying coefficients, then the estimates may be unstable or even
lead to incorrect inferences. Furthermore, TVC-SVARs are computationally intensive
and require large amounts of data to estimate accurately. In our case we have limited
data available, which may render using TVC-SVARs more challenging than using a
fixed-coefficient SVAR model. Appendices G and H details other representations of
the n-dimensional VAR( p) process in equation 3.4.1.8 and how the impulse response
functions are recovered respectively.

3.4.2 Estimation of the VAR

We can estimate VAR models using Unrestricted least-squares, Restricted Generalised
least-squares, Bias-Corrected least-squares, Maximum Likelihood and Bayesian estima-
tion methods (see Kilian and Lütkepohl (2017) ). We employ the Bayesian estimation
method, introduced by Litterman (1980) and Doan, Litterman, and Sims (1984) in
this chapter. VARs are typically highly parametrised because they rely heavily on the
data, leaving the VAR’s lag structure unrestricted in a bid to avoid the imposition
of the incredible restrictions characteristic of the traditional simultaneous equations
models (Ciccarelli & Rebucci, 2003). While the VARs are sometimes estimated using
least square and maximum likelihood methods, the use of these frequentist approaches
is beset by several difficulties. Firstly, maximum likelihood estimators for some data
distributions like the student-t distribution is non-existent (Ni & Sun, 2005). Secondly,
as stated above, VAR models are characterised by a large number of parameters since
the number of parameters equals the square of the total number of variables multiplied
by the number of lags in the model. For a n-dimensional VAR( p) model, the number
of parameters to be estimated is given by n + pn2 if there is a constant in the model
and pn2, if there is no constant. So, if for instance we are estimating a VAR model
with a constant, one lag and 5 variables, then we have n + pn2 = 5 + (1)5 2 = 30

parameters to estimate. In the case of a VAR model with a constant, 5 variables and
2 lags, we have n + pn2 = 5 + (2)5 2 = 55. This, alongside the characteristically limited
number of available observations of macroeconomic data, leads to a situation where
the number of parameters to be estimated is too large relative to the sample size,
culminating in leading to statistical inefficiency and instability in the estimation, a sit-
uation commonly referred to as overparameterisation problem (see Koop and Korobilis

21 In that case, the model would for instance be Yt = B t (L )ut .
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(2010)). This renders the estimation of VARs extremely challenging using frequen-
tist (or flat prior) techniques; a situation known as ’curse of dimensionality’ in the
literature (Ni & Sun, 2005; Miranda-Agrippino & Ricco, 2018). The use of the fre-
quentist approach in estimating VARs, which are characterised by overparametrisation
results in an "over-fitting" problem and the VARs incur a loss in degrees of freedom
that declines geometrically with the number of model variables, n and proportionally
with the number of model lags, p, culminating in inefficient estimates (Ciccarelli & Re-
bucci, 2003). The imprecise estimates are a consequence of the fact that the only way
the VAR estimates from the frequentist techniques are able to properly or sufficiently
summarise the dynamic relations of the data is by the inclusion of very large number
of variables, which is where the overfitting problem derives from. For instance, if the
true relationships between the variables are complex and potentially nonlinear, a larger
number of variables may be needed to capture these relationships accurately in a fre-
quentist VAR model. Furthermore, including more variables in the model can also help
to reduce the risk of omitted variable bias, which can occur when important variables
are left out of the model. However, including too many variables in the model can also
lead to overfitting and estimation problems, as discussed in the previous answer. Thus,
the selection of the number of variables in a frequentist VAR model requires careful
consideration of the trade-off between model complexity and the ability to capture the
true relationships between the variables.

Bayesian VARs serve as an efficient way to tackle the problem of overparametrisa-
tion via the use of prior information about the parameters of the model to "shrink

the unrestricted model towards a parsimonious naive benchmark, thereby reducing pa-

rameter uncertainty, and improving forecast accuracy" (Miranda-Agrippino & Ricco,
2018, p. 3). The Bayesian approach considers the true structure of the population as
uncertain, capturing the uncertainty via a prior distribution (alterable by information
inherent in the data if the information from the prior and the data emanate from dif-
ferent sources) on the parameters of the model and therefore placing less weight on any
given parameter value (Ciccarelli & Rebucci, 2003). “As long as the prior information

is not too `vague', it is altered only by the �signal� and not by the �noise� contained

in the data sample, thus reducing the risk of over�tting” (Ciccarelli & Rebucci, 2003,
p. 3). Consequently, Bayesian VARs tend to produce better forecasting outcomes than
VARs estimated using frequentist techniques.

The estimation of VARs with flat/non-informative priors are relatively less complicated
because the posterior distribution of the vector of parameters is centred at the ordinary
least square estimate of the model coefficients (Giannone, Lenza, & Primiceri, 2015).
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However, flat priors result in inadmissible estimators, as one can fins another prior
that generates an estimator that has expected loss that is less or equal to the expected
loss of the estimator generated by the flat prior for any value of the true parameter
(see Stein et al. (1956)), resulting in poor inference (Sims, 1980; Bańbura, Giannone,
& Reichlin, 2010), especially in large-dimensional models ( see Litterman (1986)). A
common manifestation of this problem is the generation of unreliable out-of-sample
forecasts in these models, owing to the huge estimation uncertainty of the parameters
(Giannone et al., 2015). Bayesian VARs with informative priors are therefore superior
and outperform VARs that are estimated using the standard frequentist techniques or
with flat priors (Miranda-Agrippino & Ricco, 2018). Informative priors are employed
to impose further structure on the VAR model, pushing it towards proven benchmarks
(Kuschnig & Vashold, 2021). This reduces parameter uncertainty and markedly im-
proves out-of-sample forecasting performance of the model (Koop, 2013). Bayesian
Structural VARs have been used extensively in the literature to examine the causal
relationships among macroeconomic variables over time (Sims & Zha, 1998).

The Bayesian estimation method allows us to include additional economic information
about the model parameters such as the researcher’s subjective beliefs about the vector
of parameters in the estimation and inference; something that is difficult to do in a
frequentist framework. These subjective beliefs, derived from a variety of sources like
theoretical models, are expressed by prior probability distributions of the parameters
(summarised in a prior probability density function) and combined with the informa-
tion inherent in a sample of observed data expressed by the likelihood function of the
model, leading to the generation of the posterior probability distribution of the vector
of parameters. Bayesian inference is based on this posterior distribution.

Inference in Bayeisian VARs

We recall that the vector of stochastic reduced-form innovations, " t in the VAR( p)

model in equation 3.4.1.8 is an independent and identically distributed random variable
for each t and the distribution from which it is drawn determines the distribution of
Yt , conditional on past realisations of Yt , i.e. Y1� p:t � 1 � f Y1� p; : : : ; Y0; : : : ; Yt � 2; Yt � 1g.
It is standard in macroeconomic research to assume that the errors are Gaussian, i.e.
" t � i:i:d: N (0; �) .

Bayesian inference in the VAR( p) model in equation 3.4.1.8 consists of updating prior
beliefs about the VAR parameters, that are treated as random (stochastic) variables in
the Bayesian paradigm, upon observing a sample Y1� p:t � f Y1� p; : : : ; Y0; : : : ; Yt � 2; Yt g.
As stated earlier, prior beliefs about the VAR parameters are captured by a probability
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density function, and updated employing the Bayes’ Law

p(A; � j Y1� p:t ) =
p(A; �) p(Y1� p:t j A; �)

p(Y1� p:t )
/ p(A; �) p(Y1� p:t j A; �) (3.4.2.1)

where A � [A1; : : : ; Ap]0 is a k � n matrix, with k = np, p(A; �) is the prior distribution
that expresses the initial information about the model parameters and p(Y1� p:t j A; �)

summarises the sample information. p(A; � j Y1� p:t ) represents the joint posterior dis-
tribution of the VAR( p) parameters/coefficients and incorporates the information held
by the prior distribution and the sample.

The likelihood function of the sample observation Y1:t conditional on A, � and on
the first p observations Y1� p:0, is a product of the conditional distribution of each
observation

p(Y1:T j A; � ; Y1� p:0) =
TY

t=1

p(Yt j A; � ; Yt � p:t � 1) (3.4.2.2)

As we assume that the errors are Gaussian, the conditional likelihood of the VAR( p)

model in equation 3.4.1.8 is written as

p(Y1:T j A; � ; Y1� p:0) =
TY

t=1

1
(2� )n=2

j� j � 1exp
�

�
1
2

�
Yt � A0x t

� 0� � 1 �
Yt � A0x t

�
�

(3.4.2.3)
where x0

t �
h

Y 0
t � 1 : : : Y 0

t � p

i

For t = 1 ; : : : ; T , the VAR( p) model in equation 3.4.1.8 can be rewritten in a matrix
notation or the seemingly unrelated regression (SUR) representation ( see Korobilis
(2009), Kilian and Lütkepohl (2017), Gambetti (2020) among others ) as

Y = XA + " (3.4.2.4)

where

Y =

0

B
B
B
B
B
B
B
B
B
@

Y 0
p+1
...

Y 0
t
...

Y 0
T

1

C
C
C
C
C
C
C
C
C
A

X =

0

B
B
B
B
B
B
B
B
B
@

Y 0
p : : : Y 0

1
...

...
...

Y 0
t � 1 : : : Y 0

t � p
...

...
...

Y 0
T � 1 : : : Y 0

T � p

1

C
C
C
C
C
C
C
C
C
A

" =

0

B
B
B
B
B
B
B
B
B
@

"0
p+1
...
"0

t
...

"0
T

1

C
C
C
C
C
C
C
C
C
A

A = ( A1 : : : Ap)0

We can then exploit the properties of the trace operator and express the conditional
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likelihood function as

p(Y1:T j A; � ; Y1� p:0) =
1

(2� )T n=2
j� j � T=2 exp

�
�

1
2

tr
h
� � 1 bS

i �

� exp
�

�
1
2

tr
h
� � 1(A � bA)0X 0X (A � bA)

i �

= p(� j Y; X )p(A j � ; Y; X )
(3.4.2.5)

where bA = ( X 0X ) � 1 X 0Y is the maximum-likelihood estimator of A and bS = ( Y �

X bA)0(Y � X bA) is the matrix of sums of squared residuals. Appendix I details how the
matrix expression 3.4.2.5 is vectorised and the consequent likelihood function using the
vectorised notation.

Choice of Priors

The choice of a prior is a very important consideration in Bayesian Analysis, as this
influences Bayesian Inference and with the prior usually specified in a manner that
simplifies the analysis. The challenge with finding a universally justifiable subjective
prior has led to a common use of noninformative (or diffuse/Jeffreys’ or flat) priors in
VAR studies to express outright ignorance about the parameters of the model, con-
sidering the sample information captured by the likelihood function (Ni & Sun, 2005;
Miranda-Agrippino & Ricco, 2018). Under these circumstances, the Bayesian prob-
ability statement concerning the unknown parameters (in the light of the data) are
equivalent to classical (frequentist) pre-sample confidence statements regarding the
probability of random intervals about the true parameter value (Kwan, 1999; Miranda-
Agrippino & Ricco, 2018), as they in practice produce results that are numerically
close to the frequentist framework. Jefferys prior is the most common and favoured
noninformative prior on the covariance matrix, � in the literature (see (Tiao & Zell-
ner, 1964)), although they have been known to frequently generate poor results for
multiparameter problems (Ni & Sun, 2005). While, empirical studies using macroeco-
nomic variables mostly adopt informative priors, noninformative priors are sometimes
employed as useful benchmark (Miranda-Agrippino & Ricco, 2018).

A common way is to choose the prior to ensure that the posterior has the same func-
tional form as the prior. This is known as a Conjugate Prior. A Natural Conjugate
Prior is the case where the conjugate prior and the likelihood come from the same
family of distributions (Raiffa & Schlaifer, 2000). If the Natural Conjugate Prior is
specified for all the parameters, then we have the Gaussian-Inverse Wishart Prior. The
use of conjugate priors enable direct sampling for the posterior distribution and fast
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estimation, allowing for the use of numerical sampling techniques like Gibbs sampling
and Metropolis-Hastings sampling algorithms where direct sampling is not possible
(Miranda-Agrippino & Ricco, 2018). Conjugate priors are often used precisely because
they lead to posterior distributions that have the same form as the prior distribution,
making direct sampling from the posterior distribution relatively easy. This is because
when using direct sampling with conjugate priors, the conditional distributions are easy
to sample from because they are also conjugate to the likelihood function. This means
that each step of the direct sampling algorithm can be performed efficiently, leading
to fast and accurate sampling from the posterior distribution. While direct sampling
is a simple and effective method for simulating from posterior distributions with con-
jugate priors, it may not be feasible when the number of model parameters is large or
the model is complex. In such cases, Gibbs sampling can be a useful alternative be-
cause it can handle high-dimensional parameter spaces and more complex dependence
structures.

The most widespread macroeconomic prior emplyed in VAR studies in the literature is
the the Minnesota Prior, sometimes known as the Litterman Prior. It is an informative
prior 22 developed by Doan et al. (1984) and Litterman (1986) to reflect a random-walk
(with drift) pattern after observing that quite a significant number macroeconomic time
series follow that process. It has been observed by Highfield (1992) and Kadiyala and
Karlsson (1997) that modifying the Minnesota prior to render it symmetric across equa-
tions in the form of the Gaussian-Inverse Wishart prior makes the posterior probability
density function tractable. Minnesota priors are believed to be computationally conve-
nient, considered as a parsimonious prior specification that generally performs well in
the forecast of macroeconomic time series (Kilian & Lütkepohl, 2017) and is commonly
employed as benchmark for evaluating accuracy (Kuschnig & Vashold, 2021). However,
some studies, including Lütkepohl (1993, p. 375) have argued that Minnesota priors
are a poor choice if the variables in the VAR model are believed to be coinintegrated.

A necessary routine in implementing priors from a known distribution family is to
specify some of the parameters of the prior distribution. These are known as hyper-
parameters and they are chosen by imposing further structures on the prior. A common
practice is to choose hyperparameters to ensure that the implied VAR model gener-
ates accurate out-of-sample forecasts (see Litterman (1980, 1986)). Del Negro and
Schorfheide (2004) choose the values of hyperparameters to maximise the marginal
likelihood. Others including, Bańbura et al. (2010) have suggested basing the choice

22 An informative prior involves information about the parameter s of thge VAR that the researcher
has access to before observing some sample data; information that can be contained in part and/or
related sample data, theoretical models or even casual observation (Miranda-Agrippino & Ricco, 2018).
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of hyperparameters on the in-sample fit of the VAR model.

For our study, we employ the Minnesota prior as the most commonly used macroeco-
nomic prior, and then use the Conjugate prior and the classical approach, which as
explained below is of the same form as a noninformative prior. For detailed exposi-
tion of the formulation of the Jeffery’s, Conjugate and Minnesota priors, including the
ways the posterior draws are obtained, please see Canova (2011), Kilian and Lütkepohl
(2017), Miranda-Agrippino and Ricco (2018), Chan, Koop, Poirier, and Tobias (2019)
and Canova and Ferroni (2021) among others. For the purposes of our study, we rely
heavily on the exposition as well as the algorithms provided by Canova and Ferroni
(2021) for the numerical exercise.

3.4.3 VAR Identification

Since, the reduced-form shocks are correlated, any direct analysis of the impulse re-
sponses from the reduced-form VAR model would be spurious, because each of the
reduced-form errors is a linear combination of the mutually uncorrelated structural
errors. In order to derive meaningful impulse response functions, one must make the
shocks orthogonal, so as to recover the mutually uncorrelated structural errors from the
reduced-form VAR. Identifying restrictions achieve this. As evident from � = B0B 0

0

and 3.4.1.6, knowing B0 is important to recovering the parameters and the structural
shocks in the structural model, equation 3.4.1.1. And the estimation of B0 requires that
we impose further identifying restrictions on B0 or B � 1

0 , allowing for the decomposition
of the correlated reduced-form errors, " t into mutually uncorrelated structural shocks,
ut ; elements of which individually have clear economic interpretations. Recall that
identification involves finding the matrix B0 such that � = B0B 0

0, which is challenging
because there exists infinite combinations of B0 that give the same � . We can look at
� = B0B 0

0 as a system consisting of non-linear equations in the unknown parameters
of B0. The symmetry of � means that in solving for the elements of the matrix B0,
there are more unknown variables (i.e. the elements of B0) than equations. We know
that any covariance matrix is symmetric about the main diagonal. And this symmetry
means the system � = B0B 0

0 represents a system of n(n+1)
2 independent equations,

which means that the maximum number of parameters in B0 that can be uniquely
identified is n(n+1)

2 . That is, the information in the data is enough to uniquely identify
only n(n+1)

2 of the n2 parameters in the matrix B0.23 This is considered the order

23 Recall that B0 is an n � n matrix , which means that it have n2 elements. So, the raw data
alone us not enough to disentangle the equilibrium observations of the reduced-form errors for the
time series (endogenous variables) into a speci�c shock of interest and other shocks. So, we need
n2 � n ( n +1)

2 = n ( n � 1)
2 identifying restrictions.
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condition for just identi�cation ; a necessary condition without which we cannot have
a unique solution.

As discussed earlier, � can be estimated consistently from the reduced-form represen-
tation of the VAR model, and therefore here, it is treated as known, and then expressed
in terms of the structural parameters of the model before solving numerically for B0

or B � 1
0 . In addition to satisfying the order condition, the system has to satisfy the

rank condition (see L. J. Christiano, Eichenbaum, and Evans (1999), Taylor (2004)
and Rubio-Ramirez, Waggoner, and Zha (2010) for further discussion of this). Since,
the restriction B0B 0

0 = � already provides n(n+1)
2 restrictions on the elements of B0,

we have n(n� 1)
2 free elements of B0 that have to be fixed. That is, to solve the system,

we can add n(n� 1)
2 additional equations. So, the order condition for just identification

(owing to the orthogonality assumption of ut and the symmetry of � ) requires that
we have n(n� 1)

2 restrictions on B0 (see Hamilton (1994), Chapter 11). It is known as
restrictions because the additional equation(s) serve the purpose of restricting the set
of infinite B0 matrices to a single (or a few) ones. In cases where one is only interested
in estimating the impact of only one shock or a subset of shocks (i.e. partial identi�-

cation), only a column or a subset of columns of the matrix B0 that correspond to the
shocks of interest are fixed. If for instance, only one shock is to be identified, then we
are required to impose only (n � 1) restrictions.

The restrictions can be motivated by economic theory, institutional knowledge and/or
the structural VAR model (Kilian & Lütkepohl, 2017). Economic theory for instance
can be useful in providing the ‘missing’ equation(s) by making some assumptions about
the structure of the economy in question based on the beliefs of the researcher and/or
the structure provided by a specific economic model such as the New Keynesian model
in the case of the structural VAR of Blanchard (1989). Sims and Zha (2006) produced a
VAR model which has identifying assumptions that roughly accord with a fully specified
Dynamic Stochastic General Equilibrium (DSGE) model, while Fisher (2006) derived
the identifying assumptions from a Real Business Cycle (RBC) model. Having outlined
the restricting assumption(s), they are then mapped into equation(s) that consist of
the VAR parameters.

Some common identification approaches or schemes employed in the VAR literature
for the identification of structural shocks include zero (recursive) contemporane-
ous restrictions or sometimes known as Cholesky identification scheme where
identification is based on the assumption that some of the shocks in the model have
zero contemporaneous impact on some of the model’s endogenous variables (see Sims
(1980), L. J. Christiano et al. (1999) and Stock and Watson (2001)), zero (recursive)

205



long-run restrictions where identification is based on the assumption that some of
the shocks have zero cummulative impact on some of the model’s endogenous variables
in the long-run (see Blanchard and Quah (1989) and Gali (1999)) and sign restric-
tions, where the identifying assumptions are underpinned by some prior beliefs (mainly
derived from theoretical models) regarding the sign that some specific shocks ought to
have on specific endogenous variables (see Faust (1998), Canova and De Nicolo (2002)
and Uhlig (2005)). Stock and Watson (2012), Mertens and Ravn (2013) and Gertler
and Karadi (2015) used an identification scheme that exploits the heteroskedasticity in
the data by employing information from an external instrument; a variable outside
the VAR system, but is correlated with a specific shock of interest and orthogonal
(uncorrelated) with all the other shocks in the model. Mountford and Uhlig (2009)
and Mumtaz and Surico (2009) combined short-run zero restrictions and sign restric-
tion identification schemes. Some recent studies, including Cesa-Bianchi and Ferrero
(2021) and Cesa-Bianchi and Sokol (2022) combined the sign restrictions and external
instruments identification approaches. For our study, we follow Dedola and Neri (2007)
and Canova and Paustian (2011) and use the sign restrictions approach to identifying
the structural shocks not only because it has become increasingly popular in the VAR
literature (Fry & Pagan, 2007), but mainly for a few other reasons. First, sign restric-
tions are flexible to implement, can be imposed on multiple variables at one or more
horizons and can be used to identify multiple shocks ( (Canova & Ferroni, 2021).) This
is particularly useful when the goal is to identify the effects of multiple shocks on the
economy simultaneously. Second, the sign restrictions identification approach allows
one to impose the signs that ensures impulse responses with the desired signs that
conform to theoretical DSGE models and economic theory in a way that some of the
other identification schemes do not ( (Rubio-Ramirez et al., 2010)). This is particularly
optimal in our case, as we intend to derive robust sign restrictions from each of the
theoretical models whose impulse responses we would compare with their counterpart
responses in the data.

Sign Restriction Identification

The sign restrictions identification approach has gain a lot of popularity since the
seminal paper by Uhlig (2005). Since then it has received widespread patronage in
the SVAR literature including studies by Canova and Paustian (2007), Pappa (2009),
Fujita (2011), Inoue and Kilian (2013) and Weale and Wieladek (2016) among others.
The main idea of this approach is to restrict the qualitative direction or sign of the
impact of the shock, unlike the case of the zero restrictions which imposes quantitative
restrictions. Rubio-Ramirez et al. (2010), Kilian and Lütkepohl (2017) and Gambetti
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(2020) have presented a detailed exposition of this approach. Below we set out some
technical details of how we employ the sign restrictions identification approach.

Let S be the Cholesky factor of the variance-covariance matrix of the reduced-form
VAR innovation, " t . That is, S is the unique lower triangular matrix such that we have
SS0 = � .24. We can then rewrite write the reduced form (Wold) representation of our
VAR model, equation 3.4.1.3 as

Yt = C(L)SS� 1" t

= D(L)� t

(3.4.3.1)

where we define a new matrix, D(L) = C(L)S and a new shock, � t = S� 1" t , which
as the has the property of being orthonormal. That is, E (� t � 0

t ) = � � = I n . Hence,
equation 3.4.3.1 is an orthonormal Cholesky representationof Yt . So, this is a particular
representation of Yt which has the property of having a shock with variance equal to
the identity matrix, i.e. � t � WN (0; I n ). 25

Now, let H be a n � n matrix with the property of being orthogonal, i.e. HH 0 = I n .
Then, we can transform the orthonormal Cholesky representation, equation, 3.4.3.1 as
follows

Yt = D(L)HH 0� t

= B (L)ut

(3.4.3.2)

where ut = H 0� t � WN (0; I n ) is a new vector of shocks and B (L) = C(L)SH = D(L)H

is a new matrix of impulse responses. Equation 3.4.3.2 is the structural representation
of the VAR model in equation 3.4.1.1. So, by transforming the orthonormal Cholesky
representation using an orthogonal matrix H , we have produced a new representation,
which preserves the property of being orthogonal, with the new vector of shocks ut �

WN (0; I n ) because

E
�
ut u0

t
�

= E
�
H 0� t � 0

t H
�

= H 0E
�
� t � 0

t
�

H = I n

since E (� t � 0
t ) = I n , as � t is orthonormal and H 0H = I n , as H 0 = H � 1 owing to

orthogonality of the matrix H . The matrix H is known as the identifying matrix ,
which is the matrix such that B0 = SH . This can be seen from reverting the structural
representation in equation 3.4.1.1 to its corresponding reduced-form representations as

24 So if we take a positive de�nite matrix, � , there is only one matrix, S, which is lower triangular
such that if we multiply it by its transpose, it gives � .

25 Note that whenever we produce a Cholesky decomposition of this sort, the resulting shock has a
variance equal to the identity matrix, which means they are orthonormal shocks.
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below
Yt = B (L)ut

= C(L)SHu t

= C(L)B0ut

where we can see that B0 = SH and " t = B0ut .

Given that the Cholesky factor S is unique, this type of identification ultimately boils
down to the pinning down of the orthogonal matrix H . There are, however, infinitely
many such H matrices, and for any of these different matrices, we can find a different
impulse response function D(L)H = B (L). This implies that there are a whole class of
observationally equivalentrepresentations of Yt with the property of being orthogonal.
This property means that one can pick the set of H matrices that identify any shock
in the way one desires. That is, we can pin down the set of H matrices that to
implement or impose any restrictions from theory. In other words, over the space
of the orthogonalisations, one can pin down the elements of H in a way that the
impulse response function, B (L) satisfies the theoretical restrictions that one intends
to impose. This is the very essence of sign restrictions identi�cation of SVARs, and
since the H matrix is not unique because it is a continuous function, sign restriction
is not an exact identi�cation , it is a set identi�cation . In other words, with the sign
restrictions identification, we would not have a single impulse response function, B (L)

but a continuum of impulse response functions. 26 This is what Preston (1978) terms
the model identi�cation problem ; a situation where there exists many models that have
identified parameters generating the same fit to the data. In practice, the resulting
impulse response function that is plotted for inference is a point estimate representing
the median of all these impulse response functions along with their confidence bands.
It is important to note that if we were to be conducting a Cholesky identification, then
the would have to impose that H = I n , which means B0 = S, as was the case with
L. J. Christiano, Eichenbaum, and Evans (1996) in identifying monetary policy shocks.
Similar to the case of Cholesky identification, the impulse response function in the case
of the sign restriction identification is interpreted as the response of the variables to
one standard deviation of the structural shock.27

26 In fact, there are two possible cases: a case where there areH matrices that satisfy the restrictions
because there is no region of the vectors satisfying the restrictions or the case where there are in�nitely
many H matrices that satisfy the restrictions. In practice, one may �nd that a computer program takes
unusually long period to �nd the H matrices satisfying the restrictions. This could be because either
the data dislikes the restrictions or there are in�nitely many H matrices, but the computer program is
searching in the wrong region of the parameters of H .

27 Recall that in this representation, we have Yt = B (L )ut , which shows that if ut = 1 , B (L ) is the
e�ect of the shock. But 1 is the standard deviation of ut , i.e. ut has a variance which the identity
matrix. So, the variance of the structural shock is equal to 1 and the standard deviation is equal to 1.
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