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Abstract

We evaluate the transmission of monetary policy in an economy characterized by heterogeneous
households and a sizable informal sector. We construct a consumption-based measure of
informality at the household level which we use to estimate the Informality Engel Curve. The
results are then reproduced endogenously in a dual-sector Heterogeneous Agent New Keynesian
(HANK) Model. We test the effects of informality across different model specifications and at
different informal sector sizes and then estimate the model’s dynamics for the Tunisian economy
using the Bayesian method in a novel framework. Our results reveal that: (i) Monetary shocks
from our HANK model are stronger and more effective, in terms of sacrifice ratio, than in other
specifications, but within our model, the prevalence of informality dampens transmission and
increases its cost. (i1) Accounting for informality doesn’t appear to undermine the transmission
of monetary shocks in Tunisia but restrictive policy favors the expansion of the informal sector
and affects informal workers the least. (iii) Wealth remains the primary factor influencing
household responses to monetary shocks, but employment status is particularly significant
among lower-wealth households.

Keywords: Monetary policy, Heterogeneous Agent New Keynesian model, Informal sector,
Informal Engel Curve, Bayesian estimation
JEL Classifications: E12, E26, E31, E52
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1. Introduction

In recent years, central banks’ monetary policy quickly went from accommodating eco-
nomic recovery following the COVID-19 pandemic to a restrictive stance in response to
a worldwide surge in inflation. The effects of this transition were not felt equally among
households. Indeed, monetary policy presents itself as a systematic action that is often
based on the evolution of macroeconomic aggregates but affects a wide selection of hetero-
geneous economic agents and in the process generates asymmetric outcomes, i.e. winners
and losers. In the literature, this is often called the "redistributive effect” and recently, a
growing body of literature is expanding the theoretical and empirical understanding of its
importance for the transmission of monetary policy. Naturally, these works were conducted
in the context of advanced economies which puts into question their adoption in emerging
markets and developing economies. One aspect that is always missing is a representation of
an informal sector which is especially relevant since it represents a sizable share of output

and employment in the latter countries.

The informal economy, defined in this paper as economic activities that are hidden from
official authorities mainly to avoid taxation, can have different implications on the trans-
mission of monetary policy and its redistributive effects. On the one hand, the informal
sector can amplify monetary transmission. The prominence of informal labor can introduce
additional sources of employment insecurity and, by extension, increase the probability of
uninsurable income shocks, especially at lower wealth levels. These income shocks shape
the marginal propensity to consume (MPC) across households, which is at the heart of the
redistributive effect of monetary policy (Kaplan et al. (2018)). Moreover, informality can
strengthen the earnings heterogeneity channel of monetary policy (Auclert (2019)) since
income gain/losses cannot only be equal across the wealth distribution but also between dif-
ferent worker types (unemployed, formal, informal) at the same wealth level. On the other
hand, the informal sector can soften the effects of monetary shocks by acting as a ”buffer”
(Castillo and Montoro (2012), Alberola and Urrutia (2020) ), especially when it comes to
household consumption, which could weaken transmission and its redistributive effects. To
test these mechanisms in a more realistic setup, we also chose to introduce heterogeneity in
household exposure to the informal sector represented by the budget share used for informal
purchases. This share is not constant among households as documented by the existence of
an Informality Engel Curve (IEC) in a large set of countries (Bachas et al. (2023)). Since
formal and informal sectors react differently to monetary shocks, the existence of the IEC

can create additional distortions to policy transmission at the household level.
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We split our analysis into three parts. In the first part, we follow the methodology used in
Bachas et al. (2023) to construct a consumption-based measure of informality at the house-
hold level using data from the 2021 National Survey on Household Budget, Consumption
and Standard of Living (ENBCNV). We propose a baseline naive identification and two
calibrated ones to identify different measures of the informal spending share based on the
classification of the place of purchase. The processed data is used to estimate the slope of
the IEC. In the second part, we develop a one-asset dual-sector Heterogeneous Agent New
Keynesian (HANK) model. One sector in the model assumes the role of the informal sector
and includes features like lower productivity, tax evasion, and lower friction. The model is
solved and the generated monetary shocks transmission is compared with the results from
3 alternative specifications representing the cases of a standard HANK, a dual-sector Rep-
resentative Agent New Keynesian (RANK), and a stranded RANK. We also test the model
at different sizes of the informal sector. This preliminary analysis serves as an initial step to
validate our approach. By testing alternative model specifications and assessing the roles of
heterogeneity and informality, we ensure that the core structure of our model is appropriate
for our study. Finally, we expand our dual-sector HANK model by introducing additional
dynamics and shocks. The main feature of this augmented model is its ability to endoge-
nously reproduce the IEC curve as a result of household consumption optimization. We
estimate a set of key parameters for friction and shocks using a novel framework that we de-
veloped. Our approach combines the methodologies from three different papers to perform
the Bayesian estimation of a continuous-time HANK model using discrete-time data. We
use the toolbox developed in Ahn et al. (2017) to obtain the rational expectations solution
of our HANK model in continuous time. From this solution, we are able to obtain the exact
discrete-time state-space representation of our model by following Christensen et al. (2024),

and with some modifications, we are able to perform Bayesian inference using the framework
developed in Liu and Plagborg-Mgller (2023).

From the first part of our analysis, we found a statistically significant negative ICE slope
for our 3 identification strategies. This confirms the existence of a negative relationship
between the share of informal spending and consumption expenditure, and by proxy wealth,
a result that we recreate later in our theoretical model. From the second part, we found a
more active "buffering effect” in our dual-sector model when comparing transmission with
those of alternative specifications. This is coupled with stronger and more persistent devia-
tion from consumption inflation thus resulting in a significantly lower sacrifice ratio. Once
we account for heterogeneity, however, the prevalence of informality seems to dampen pol-

icy transmission and increase its cumulative output cost per unit of inflation stabilization.
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This suggests that the ”buffering effect” overcomes the additional labor income risk and
heterogeneity introduced by a larger informal sector. Finally, from our estimated model, we
found typical reaction functions for transmission to output and inflation that don’t suggest
a weakening in the effects of monetary shocks in Tunisia when we consider the effects of
informality. This result supports the use of policy rate shocks by the central bank to pursue
price stability objectives. Nevertheless, we found that a restrictive monetary shock favors
the expansion of the informal sector in the short term. Further investigation of household
consumption reveals that the restrictive monetary shock slightly reduces consumption in-
equality while having the strongest effects among the unemployed workers group and the
least on informal ones. Yet, work status is only relevant for the reaction of households to

the monetary shock at low wealth as it remains the driving factor.

The paper will proceed as follows. In section 2, we identify the share of household spending
on informal goods in the Tunisian economy and estimate the slope of the IEC. In section 3,
we develop a dual-sector HANK model and compare the resulting transmission of a monetary
shock with alternative model specifications and at different levels of informality. In section 4,
we propose some extensions to our HANK model to endogenously recreate the IEC, perform
a Bayesian estimation using data from the Tunisian economy, and report policy transmission
to aggregates and consumption by household groups. Finally, we conclude and provide some

policy recommendations.

2. Informality, Heterogeneity, and Household Consumption

In this section, we explore heterogeneity in informal consumption at the household level
and estimate the slope of the Informal Engel Curve. We start by showcasing the preva-
lence of informality in Tunisia and presenting the problem of its measurement. Then, we
investigate consumption behavior across households in Tunisia from microdata and propose
three identification strategies, one naive and two calibrated, to identify the share of informal
spending. Finally, we estimate the slope of the IEC from the processed data and report our

results.

2.1. Informality In Tunisia

Informality is a complex and multifaceted phenomenon especially present in EMDEs.

Despite its role in shaping the economies of these countries, it is not well explored in the
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macroeconomic literature. The lack of timely and reliable data is a major contributor to
the status quo since, by nature, macroeconomic indicators for informal activity can only be
inferred. For estimates of the size of the informal economy, methods such as national account
discrepancies, general equilibrium simulations, and the Multiple-Indicators and Multiple-
Causes (MIMIC) are often used. Notable works attempting in this field include Medina et al.
(2018),Medina and Schneider (2019), Elgin et al. (2021), and more recently Asllani et al.
(2024). Even then, these estimates present a fuzzy picture of the prevalence of informality.
Taking Tunisia as an example, Figure 1 presents the evolution of multiple informal size
estimates for Tunisia across the years. Values range from 17% of GDP using the national
account estimate to as close to 40%of GDP using the MIMIC method. For its part, the
Tunisian National Institute of Statistics (INS) includes an estimate of informal sector activity
in their official GDP figures putting it at 27,4% of GDP in 2015'. Similarly, informal labor
estimates are hard to obtain since they rely mostly on direct methods like labor market
surveys. ILO (2018) provide an estimate of 58.8% for the share of informal employment
in Tunisia using the 2014 Labour Market Panel Survey while the INS estimates using the
National Population and Employment Survey 2019 puts it at 44.8%?2 of the working force.

2.2. Heterogeneity and Household Informal Spending.

The prevalence of informality can also be registered as a sizable share of household spend-
ing on the consumption of informal goods. Measures of this share are not observed to be
equal across households. Bachas et al. (2023) documents the existence and significance of
this type of heterogeneity represented by a downward-sloping Informality Engel Curve (IEC);
the informal budget share declines as a function of household total consumption spending.
To obtain their results, the authors construct a rough measure of the share of informal
spending using data from household consumption surveys for a set of emerging and ad-
vanced economies. In their process, data entries for consumption transactions are classified
using the type of store where purchases took place into ones conducted in traditional-type
or modern-type stores. The share of informal spending is then identified based on the likeli-
hood of store type compliance with taxation, which is the same criterion for informality that
we use in our work. Overall, modern stores are, larger, employ more workers, and are better
equipped to maintain inventory and accounting records. Also, fiscal authorities are more

likely to inspect these larger stores making them more likely to comply with regulations.

!Source (documentation is in French): Les Comptes Nationaux changent de base
2Source (documentation in Arabic): Indicateurs sur 'emploi informel 2019
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Figure 1: Asllani et al. (2024): Estimates for the informal economy size in Tunisia

In our work, we apply this methodology on the 2021 National Survey on Household Bud-
get, Consumption and Standard of Living(ENBCNV)? to construct a consumption-based
measure of informality at the household level®. In the survey, the ”place of purchase” variable
takes on the following modalities: (1) ”Private shop”, (2) ”Supermarket”, (3) ”Fixed mar-
ket”, (4) ”Weekly market”, (5) ”Exhibition”, (6) ”Online”, (7), ”"Other acquisition place”,
(8) ”"Not declared”, and (9) ”Missing”. Inspecting the volume of transactions by store type
(Table 1), we find that ”Private shop” and ”Missing” categories account for roughly 90%
of transaction volume (61.58% and 28.53% respectively). Classifying transactions by nature

» 5

into "good purchase” or —service purchase We find that the majority of good pur-

chase transactions took place in the ”Private shop” category while the majority of service

3The 2021 ENBCNV survey follows the 3 conditions mentioned in Bachas et al. (2023): (1) National
representative, (2) Open diary consumption dairy, (3) Reporting the place of purchase of each product.

41t should be stressed here that we are not attempting to provide a measure of the aggregate size of
the informal sector rather we estimate the potential share of spending allocated to informal products in the
household budget.

SWe classify transactions to ”good purchase” or ”service purchase” based on the product code provided
in the survey.



purchases are classified in the ”Missing” category.

Place of purchase Goods (%) Services (%) Total (%)

Private shop 46.254% 15.332% 61.586%
Supermarket 1.842% 0.223% 2.065%
Fixed market 1.474% 0.007% 1.481%
Weekly market 4.008% 0.026% 4.033%
Exhibition 0.017% 0.001% 0.017%
Online 0.062% 0.013% 0.076%
Other acqu. 1.566% 0.114% 1.679%
Not declared 0.182% 0.343% 0.525%
Missing 3.841% 24.697%  28.538%
Total 59.244% 40.756%  100.000%

Table 1: Share of expenditure by type of store and nature of transaction

Investigating the relation between the share of spending at a specific store-type and log
total household expenditure (Figure 2) reveals that, ceteris paribus, across seven out of the
nine categories, there exists a statistically significant®. We find positive slope coefficients
for categories " Private shop”, ”Supermarket”, and ”Online” and negative slope coefficients
for the rest. In particular, we find the steepest slope coefficients for the ”Private shop” and
the ”Missing” categories (5.74 and —4.37 respectively). These results support the presence
of heterogeneity in where people shop, an observation that can be explained by household
characteristics, store accessibility, and non-homothetic preferences, and is the main reason

behind the emergence of the ICE in empirical data.

In their work, Bachas et al. (2023) also combined data sets from the World Bank and
Euromonitor International to find that, on average, 75% to 90% of modern stores escape
taxation while around 5% to 15% of traditional stores comply with fiscal norms. They
also found that these results are fairly consistent between countries at different levels of
development. For Tunisia, the INS estimates that, in 2015, 40% of the service sector is
conducted in the informal sector *. To account for the additional information, we propose
three identification strategies; one naive baseline identification and two calibrated strategies.
Baseline identification: The simplest method to identify the share of the informal budget
is to follow strict traditional/modern store-type categories. We assign the ”Private shop”,

”Supermarket”, and ”Online” categories as modern stores and the ”Fixed market”, ” Weekly

6p-value (P > |t|) < 0.05
"Source (in French): Les Comptes Nationaux changent de base
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Figure 2: The relation between the share of total consumption and household expenditure

market”, and ”Exhibition” categories as traditional stores. We classify ”Other acquisition
place” as traditional stores since it is mostly goods and ”"Not declared” and ”Missing” as
modern stores since they consist mostly of services.

Calibrate identification 1: We set the share of informal activity in modern stores and
the share of formal activity in traditional stores both to 5%. For both ”Not declared” and
"Missing” categories, we apply an informality rate of 40% to account for informality in
services.

Calibrate identification 2: We set the share of informal activity in modern stores and the
share of formal activity to 10%. For the "Not declared” category, we apply an informality
rate of 40%. For the ”Missing” category, we choose an informality rate of 65%. We base the

latter choice on the inspection of the composition of this category.

For these three identification strategies, we determine the share of informal spending in
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each household and report the summary statistics in Table 2. In the baseline identification,
we get an average share of 9.423%. It is easy to see how these results do not reflect the true
scale of informal consumption in Tunisia. The calibrated identifications yield more possible
results. On the lower end, we get an average share of 22.686% in the first case and 33.467%
in the second. In what follows, we focus on the second calibrated identification, but report

results for all three.

Variable Mean Std. Dev.  Min Max
Log Consumption per household 9.678 0.599 7.168 13.866
Share of informal budget: Baseline 9.423 9.210 0 97.679

Share of informal budget: Calibration 1 22.686 7.316 5.1271 93.292
Share of informal budget: Calibration 2 33.467 8.569 10.194 88.742

Table 2: Summary Statistics

2.3. Estimation of the IEC

Using the generated informal sector, we estimate the slope of the IEC for each of our cases

using the following regression:
Informalshare; = fIn(consumption;) + I'X; + €; (1)

X, is a vector of control variables related to the household; size, head’s sex, head’s age, head’s
education level, and the urban state. We report the results in Table 3. Given household
characteristics, we find a statistically significant slope coefficient and constant for all cases.
For shares identified in the second calibrated strategy, we get a § equals —5.423 implying, a
reduction of informal budget share by one as household consumption expenditure increases

by roughly 20%. Figure 3 showcases the downward trend of the IEC in Tunisia.

3. Monetary Policy in a Heterogeneous Agent New Keynesian Model with In-
formality

Since we are, to the best of our knowledge, the first to investigate monetary policy in
the presence of informality using a HANK model, we begin with a preliminary analysis to
validate our approach. We develop a dual-sector HANK model with informality and compare
the generated monetary shocks transmission results from 3 alternative specifications. To
complete this step, we also investigate the effect of informal prevalence on households’ MCP
and policy transmission in our model.
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Baseline Calibration 1 Calibration 2
Log household expenditure -2.311*** -4.239*** -5.423**
(0.121) (0.100) (0.119)
Household size 0.726*** 0.273*** -0.0366
(0.0465) (0.0385) (0.0458)
Household head size 0.00586 0.0126** 0.0157**
(0.00509) (0.00421) (0.00501)
1.Household head sex - - -
() () ()
2.Household head sex -0.914*** -0.173 0.105
(0.177) (0.146) (0.174)
1.Household head eduction - - -
() () ()
2.Household head eduction -0.997*** -0.235 0.0335
(0.187) (0.155) (0.184)
3.Household head eduction -1.723*** 0.0287 0.656**
(0.214) (0.177) (0.210)
4.Household head eduction -2.451*** 1.169*** 2.7T78***
(0.273) (0.226) (0.269)
1.Urban 0 0 0
() () ()
2.Rural 5.172%** 1.216*** -0.187
(0.144) (0.119) (0.142)
_cons 27.61*** 61.31*** 84.65***
(1.145) (0.947) (1.127)
N 17118 17118 17118

Standard errors in parentheses

* p < 0.05, ** p<0.01, ** p<0.001

Table 3: Slope of the ITEC
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Figure 3: Informality Engel Curve (IEC) for Tunisia

3.1. A Dual-Sector HANK Model with Informality

We develop an illustrative Heterogeneous Agent model. The model is a one-asset HANK
model, in the spirit of Kaplan et al. (2018), and augmented with a dual-sector structure
analogous to works like Anand and Khera (2016), Moez and Nooman (2019), and Colombo
et al. (2019). At this stage, we retain only the core parts necessary for our analysis which

allows for the recreation of key stylized facts from the informal economy.

3.1.1. Households

The main feature of the HANK models is the explicit inclusion of heterogeneous states
between households. Heterogeneity can be summarized by two idiosyncratic states (a, 2).
Here, a € R™ is the individual wealth of the household, and z € {z,, 2, z¢ } is the employment
status and productivity of the household. Here, z; = z, indicates the unemployment state,
while z; and z; indicate employment in the informal and formal sectors respectively. We
make the assumption that the employment state also contains information on the average
productivity of workers in their respective groups. As such, we set 2z, = 0 and choose z/ > 2%,
We explain the latter choice by the existence of a productivity difference between formal and
informal firms (Porta and Shleifer (2008), La Porta and Shleifer (2014)) that we attribute in
part to differences in workers” productivity. For simplicity, we assume that the labor status
follows a Markov chain where the transition from state 7 to state j;j # i is an exponential
process with arrival probability A;;; i € {u,i, f},j # i. We note by p(da,dz) the joint
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distribution for the state of the economy. Households receive utility u from consumption ¢
and disutility from labor [. Preferences are conditional on savings and the future discount

rate p > 0. Households maximize:

Eo / e Pu(cy, l;)dt. (2)
0

We assume that household utility takes the form of a constant relative risk aversion (CRRA)

function:
(Ct)l—a (lt)1+¢

l1—o0 q)l—i-(b (3)

with o controlling the elasticity of consumption, ¢ is the inverse Frish elasticity of labor,

U(Ct, lt> =

and ® are scaling parameters. Household’s asset holdings evolve according to:
ay = wy(z) zely + meay + Ty + 1y — piey (4)

Where pf is the real consumption price and wy(z;) is the net real wage level associated
with the state z;. r; is the real return on assets and 7} is a universal government transfer
to all households. Combined net profits from formal and informal firms are distributed to

households as a dividend, II;, based on their productivity-level &.

3.1.2. Goods Producers

In the economy, there are two sectors of activity; formal, indexed by f, and informal,
indexed by .
Final-Goods Producers:
In each sector s;s € {f,i}, a competitive final-good producer aggregates a continuum of

intermediate inputs indexed by js € [0, 1] to produce the final good Y’

Es
1 £s—1 £s—1
Yfz[ [ 0 djs} selfi) (5)
0

Where &; is the elasticity of substitution across inputs in the sector s. From cost minimiza-

tion, we obtain the demand functions for the input j,:

Ps >—Es
S ]Svt S
Yii=\| o] Y (6)
tys,t ( Pt t

8As explained in Kaplan et al. (2018), the distribution process of assets plays a critical role in shaping
the resulting distribution of wealth.
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With the sector-specific price Py
s T e ]TE |
r=|[ @) el e )
0

Intermediate Goods Producers:
There is a continuum of intermediate-good producers, indexed by j,, operating in each sector

s;s € {f,i} and using the production function:

yjfﬂ: = Z;n; (8)

Jsit

Here, Z; is the aggregate productivity shocks associated with the sector s. Both shocks
follow the Ornstein-Uhlenbeck process:

dZ; = 0., Z:dt + 0. dWf; s € {f,i} (9)

Firms are subject to sector-specific quadratic price adjustment costs (Rotemberg (1982))

using the following cost function:

. . 2
Ps Q, [ P?
s Tt _ s Tt s 1
@t (Ijts) 2 (Pts) yt ( O)

Where P} is the price of final goods and €2, is the price adjustment cost parameter in sector

s. From the firm’s optimization problem, we can derive the following New Keynesian Phillips

curves:
Y\ i _& ( T 1> s
rn——|m==|m; —p +m
( }/tf > t Qf t t é—f t
. (11)
Yy i &i i & —1 )
(T YZ) Ty = Q, <mt Dt 3 +m
f , 5
Where 7/ = % is the inflation rate of formal goods and 7; = % is the inflation rate of

t
informal goods, while m{ and p{ are the real marginal cost and real price in sector s;s € {f,i}

respectively.

Consumption Goods Producer:
A competitive consumption goods producer combines formal and informal goods th and C!

respectively to produce the final consumption good C; following the CES function:

Nc
ne—1 ne—1 | me—1

Ci = [ald* (C)" + (1 = ac)me (€)™ (12)
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where . is the share of the formal good in final consumption goods and 7, is the elasticity of

substitution between the two goods. We can express the consumption price, Py, as follows:

1

Py = [ad B 4 (1 - a) (P ] 7 (13)

The aggregate consumption Cy is :

C, = /ct(a, 2)d (14)

3.1.3. Monetary Policy
Monetary policy is set using the following Taylor rule:
it =T + ¢pmi + ¢,(GDP, — GDP) + & (15)
eMP follows the Ornstein-Uhlenbeck process:
dei™” = —0ppey™ + O dW,™ (16)

where dW,™ is the innovation to a standard Brownian motion, 6,,, is the rate of mean

reversion, and o,,, captures the size of innovations.

3.1.4. Government
The government budget satisfies the constraint given by:
g f _ frrf g

Where L{ is aggregate formal labor, 7, is the income tax collected only on formal workers,

and G, is government expenditure assumed to follow the Ornstein-Uhlenbeck process:
dGy = —0,Gdt + o, dWY (18)

Finally, to maintain the budget balance and assume that the government uses transfers, T3,

as its policy instrument?.

9The choice of fiscal instrument has an important role in the transmission of shocks as showcased in
Kaplan et al. (2018). Other specifications could use taxes, government expenditures, or government debt.
Exploring these alternative cases is left out of our analysis.
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3.1.5. Equilibrium

The model has 5 markets that should verify equilibrium; the bond market, the formal
and informal labor markets, and the formal and informal goods markets. The bond market

clearing:
5t = [ ad (19)

Clearing labor markets for the formal and informal sectors:

L :/zflt(a,zf),ut(a, zf)da

(20)
L = / zily(a, z;) e (a, z;)da
The formal goods market clearing condition:
v/ =c¢l +G,+ 0] (21)
And finally clearing the informal goods market
Vi Cit o (22)
We define real GDP as:
GDP, = plY/ + pY; (23)
And define the share of the informal sector to GDP as:
piyi
share! = tha (24)

3.2. Alternative Models

To complement our analysis, we also consider three alternative specifications alongside
our main dual-sector HANK model.
Standard HANK Model: In this model, we abstract from the hypothesis of dual-sector
and treat the economy as a single formal sector. We are left with a standard baseline HANK
model encompassing the core features used in the absolute majority of literature available
on heterogeneous agent models.
RANK Model with Informality: In this model, we abstract from the assumption of
household heterogeneity and retain that of informality. We are left with a dual-sector Rep-

resentative Agent New Keynesian (RANK) model. This representation is similar to those
18



often used in the literature on monetary policy in the presence of informality, or on the

macroeconomics of informality in general.
Standard RANK Model: This model is representative of the core New Keynesian model

and is akin to a textbook example.

3.3. Calibration process

To evaluate the transmission of monetary policy generated by each case, we solve our

models using calibrated parameters. We attempt, to the best of our ability, to maintain key

values and the resulting steady-state equilibrium between models as close as possible. The

values we chose do not follow a specific case but are representative of an emerging market

with a sizable informal sector. We present our choice in Table 4:

Symbol Parameter HANK; HANKp RANK; RANKrp
o CRRA parameter 1 1 1 1
) Inverse Frish elast. 2 2 2 2
o Labor disutility 20.25 20.25 20.25 17.8
P Discount rate, Annualized 1.5% 1.5% T T
&r Elast. , Formal 6 6 6 6
& Elast. , informal 11 - 11 -
Qy Adj. cost, Formal 100 100 100 100
Q; Adj. cost Informal 75 - 75 -
Ne Elast, 1.2 - 1.2 -
Qe Share of formal goods 0.8150 - 0.8153 -
O Taylor rule, inflation 1.25 1.25 1.25 1.25
Tw Labor tax 20% 20% 20% 20%
Omp Mon. pol. reversion rate 0.25 0.25 0.25 0.25
Omp Mon. pol. innovation size 0.2236 0.2236 0.2236 0.2236
[Zu, 2i» 2f]/|2us 2¢]  Relative prod, vector [0,0.75,1] [0,1] - -
g Real rate, SS, Annualized 1.38% 1.28% 1.38% 1.28%
T Inflation, SS 0 0 0 0
2 Informal sector size, SS 25% - 25% -
W]?P Asset size to GDP, SS 10 - 10 -
e Gov. transfers to GDP, SS ™% - ™% -

Table 4: Parameter calibration by model
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Figure 4: Transmission of monetary policy in different model Specifications

3.4. Model Comparison

With our objective in mind, we study, for each specification, the response of the economy
to a positive (restrictive) monetary surprise represented by the Impulse Response Functions
(IRFs) in Figure 4. The IRFs measure the percent deviation of key macroeconomic vari-
ables (GDP, Consumption, and Inflation) from their respective steady-state values following
the realization of a similar size shock (panel (c¢)). We also report the cumulative percent
deviations from steady state after the first year and the sacrifice ratio values in Table 5. We
can identify two main takeaways from this figure. First, the presence of the informal sector
weakens the transmission of the shock to GDP and Consumption. This is the outcome of
the "buffer effect” of the informal sector as described in the literature. The effect is espe-
cially noticeable in our dual-sector HANK model where transmission is only half that of the
standard HANK model, but the response becomes more persistent (panels (a)&(b)). The
second finding is related to the monetary transmission to Consumption inflation, Formal
inflation, and Informal inflation rates where, despite the lower losses in GDP and Consump-
tion, the deviation of inflation is stronger and more persistent in our dual-sector HANK
(panels (d),(e)&(f)). Working out the sacrifice ratio, described as the percent loss in output
required to reduce consumption inflation by one percent from the cumulative deviation after
the first year, reveals a significantly lower value from our model than the other specifications
(0.697 vs 1.774, 1.786, 1.657). This result stands in contrast to other findings reported in
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the literature, especially those of Alberola and Urrutia (2020) who also compares models
with/without informality. At this stage, we should clarify that our takeaway is not claiming
that the presence of informality improved policy transmission but that the inclusion of in-
formality and heterogeneity in the model identified a more effective monetary transmission.

For further clarification, we investigate the former claim in the next paragraph.

Cumulative Effect HANK;

First Year (%) HANKp RANKp RANKr g0 950 409
GDP -1.525 -1.478 -1.316  -0.835 -0.8257 -0.789
Consumption -1.436 -1.392 -1.351  -0.716 -0.6193 -0.503
Consumption inflation -0.860 -0.827 -1.228  -1.275  -1.184 -1.057
Informal inflation - - -1.103  -1.510 -1.424 -1.299
Formal inflation -0.860 -0.827 -0.730  -1.275 -1.184 -1.057
sacrifice ratio 1.774 1.786 1.657  0.6546  0.697  0.747

Table 5: Cumulative percent deviations from steady state after the first year (4 quarters)

oar (a) Informal sector size: 10% 0dr (b) Informal sector size: 25% 05, () Informal sector size: 40%

MPC

0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
Net worth to average income Net worth to average income Net worth to average income
Worker type:

——Unemployed worker —-=-Informal workers Formal worker

Figure 5: Marginal propensity to consume by informal sector size

We study the transmission of monetary policy at different informality levels, given house-

hold heterogeneity, using our dual-sector HANK model. We increase the size of the informal
77lY'i

) %7

parameters. In a first step, we compute the steady-state marginal propensity to consume

economy at steady state while retaining fixed values for the rest of our calibration
(MPC), which measures the proportion of an increase in income that a person or household
is likely to spend on consumption rather than saving, as a function of wealth and worker-
type, and display the results in Figure 5. While at 10% informality size, formal and informal
workers display close MPC values at any given wealth level, as the size increases, a wedge
is formed between the two worker groups with the MPC curve for informal workers slowly
shifting upward. We can rationalize this outcome by considering the increased probability of
21



uninsurable income shocks and equilibrium outcomes especially the expansion of the formal
wage premium. By itself, this increase in MPC heterogeneity should amplify the trans-

% deviation
o 1
o N o
o o o

o
N
a

% deviation

(a) GDP

5 10 15 20
(d) Inflation, Consumption

25

-0.05

% deviation

-0.1

-0.15

% deviation

-0.2

o

(b) Consumption

o

0.2

o
.
3

% deviation
o

0.05

(c) Monetary Shock

——— —

5 10 15 20 25

(e) Inflation, Informal goods

5 10 15 20 25
(f) Inflation, Formal goods

5 10 15 20 25 5 10 15 20 25

Informal sector size:
10% —-—-25%

40%

Figure 6: Transmission of monetary policy at different informal sector sizes

mission and redistributive effects of monetary policy, however, if we investigate the IRFs
presented in Figure 6, we discover that the ”buffer effect” offsets this outcome. In our model,
we can see that the increase in informality leads to a weakening in transmission especially
for Consumption (panel (b)) where downward divination is reduced by up to 30%. We also
find a similar effect for inflation (panel (d)), especially for the formal goods’ price inflation

(panel (f)). As for the sacrifice ratio, we find a positive relationship with the informal sector

size (Table 5).

Overall, we conclude that, from a modeling perspective, accounting for informality and
heterogeneity is important for better policy transmission identification but once this is done,
informal prevalence, by itself, increases households” MPC heterogeneity, dampens monetary

transmission, and raises its cumulative output cost per unit of inflation stabilization.

4. An Estimated Dual-Sector HANK Model for Tunisia

In this section, we combine the insights from the previous two sections. We propose an
extended version of the dual-sector HANK model to endogenously recreate the IEC. We
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perform a Bayesian estimation on this continuous-time HANK model using discrete-time
data using a novel workflow that we develop. Finally, we report the transmission results

and give special focus to consumption across different household groups.

4.1. The Augmented Model

We augment our dual-sector HANK model with additional dynamics and shocks in prepa-
ration for estimation. The main features we include are; the heterogeneous informal budget

share across households, to endogenously recreate the IEC, and investment in capital.

4.1.1. Households

To embed the heterogeneous informal budget share in our model, we separate the con-
sumption utility of the two categories of goods. This is in contrast to the constant share
across households implied by the existence of a single final consumption good. Our new
assumption for household utility becomes:

()7 o ()T ()

1 —of "1 —o; ll—i—qbl

(25)

U’(C{7 Ci? lt) -

with o; and o; represent the elasticities of formal and informal goods respectively, ¢; is
the inverse Frish elasticity of labor, and ®; and ®; are scaling parameters for informal

consumption and labor respectively. The new household’s asset holdings evolve following:
dt = wt(zt)ztlt + Qg + E + Ht - (1 + Tc>p{0{ — piCi (26)

Where 7. is a value-added tax, applied only on the consumption of formal products. Also,

we introduce a corporate profit tax, 7; for formal firms.

4.1.2. Assets

We allow households to invest in capital alongside government bonds. Unlike in Kaplan
et al. (2018), we do not separate wealth into illiquid and illiquid assets and retain a one-asset
structure. Instead, we assume that wealth, a, is composed of bond holdings, b, and physical

capital,k. Household wealth can be expressed as:

ar = by + gk (27)
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Where ¢, is the capital price. We assume that households can shift between the two types

of assets without cost by imposing the non-arbitrage condition:

k _ (5 .
T qr + G . (28)
qt

where 7F is the rental rate of capital to formal firms and § is the depreciation rate of capital.

4.1.83. Goods Producers

We introduce capital in the production function of formal firms only:

I _ of
Yjre = Z; k?f,t

(n] )0~ (29)
Where « is the share of capital in the production function. We also include two sector-specific
cost-push shocks E,{ and Z! from the formal sector and informal sector respectively. These
shocks don’t appear in the production functions but affect marginal cost and are similar
in effect to markup shocks. We assume that these shocks follow the Ornstein—Uhlenbeck

process:
d=5 = —0= Zidt + o=, dW7; s {f i} (30)

Since we separated the final consumption good into its components for household con-
sumption, we no longer need to include a final consumption good producer. Aggregate

formal consumption and aggregate informal consumption are expressed by:

cof = /c{(a, 2)d (31)

i = [ eifa2)du (32)

4.1.4. Capital Producers

A competitive capital producer transforms formal goods into capital goods bought by
households at the price ¢;. We assume that the production process is subject to capital
adjustment cost with a cost function Y (¢ + %(L — §)*)K;. We note by ¢ the effective
investment rate and by T; the marginal efficiency of investment. The producer maximizes
the expected profit stream, discounted at the stochastic discount factor of the household:

W, = max /00 Ao+ (tht — (¢ + %(Lt — 5)2)) K,dt
w,Ke f ’ 2 (33)
st. K, = (1 — 0) Ky
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We assume that T, follows the Ornstein—Uhlenbeck process:

dY, = =0y Yydt + ordW,S (34)

4.1.5. Government

With the added revenue sources, the government budget constraint becomes:

BY 4+ plGy+ T, = ryw] L] + rpfCf + 711] + r, B! (35)

4.1.6. Equilibrium

For market clearing, we introduce the following modification to the previous equilibrium

conditions. Asset market clearing:

A = /ad,ut(a, z) (36)

Assets are distributed into bonds and capital:
Ay = B} + ¢t Ky; (37)

where K; = [ k; 1tdjy 1s aggregate capital from formal firms.The formal goods market clear-
ing condition becomes:
v/=¢/+1,+G,+6! (38)

where [; is gross investment.

4.2. Numerical Solution and Estimation Methodology

With the increasing prominence of HANK models in the literature, several computational
tools were developed to facilitate their use. For continuous-time models, like the one we use
in this section, Ahn et al. (2017) provides an easy-to-use toolbox for solving and simulating
HANK models with aggregate shocks. Meanwhile, estimating the HANK model remains a
more challenging task and an active area of research. Only a limited number of works like
Bayer et al. (2024), Auclert et al. (2021), Ferndndez-Villaverde et al. (2023), and Acharya
et al. (2023) attempted to estimate HANK models. Yet, the tools they develop are incom-
patible with our work since they treat discrete-time models, and, to our knowledge, we are

not aware of any available tools appropriate for our case. Our solution is to develop a custom
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workflow that would allow us to perform Bayesian inference on our continuous-time model

using discrete-time data.

Our process can be divided into three steps. We first solve the continuous-time model
using the toolbox Ahn et al. (2017) to obtain the model’s rational expectation solution. The
method they employ is based on the works of Achdou et al. (2021) to find the steady-state
equilibrium using finite difference methods and of Reiter (2009), among others, to solve the
linearized model with aggregate shocks. Second, we follow Christensen et al. (2024) to derive
the exact discrete representation of the equilibrium dynamics. This method allows us to
avoid discretization errors and construct the discrete-time ABCD state-space representation.
Once this is done, we can, with some modifications, use the framework used in Liu and
Plagborg-Mgller (2023) for our Bayesian inference. We use a generic MCMC algorithm, in
this case, the Metropolis-Hastings algorithm, to sample the posterior distribution, given a
choice of prior densities. However, since this framework was developed to be used with the
Dynare toolkit, we once again reference the work of Christensen et al. (2024) and utilize
the Kalman filter they provide to evaluate the likelihood function. While we limit ourselves
to a macrodata-only estimation, the proposed method in this article, like that in Liu and
Plagborg-Mgller (2023), should allow for the incorporation of microdata to perform a full-

information estimation.

4.8. Data, Calibration, and Priors

For estimation, we use an observation sample of 7 macroeconomic variables, at a quarterly
frequency, from the Tunisian economy from 2015Q2 to 2022Q)4. We include in our sample the
Policy rate, GDP inflation, CPI inflation, GDP, Consumption, Investment, and Government
spending. We express quantities in real values and per capita terms. All variables are filtered
using the one-way HP-filter. For Consumption, Investment, and Government spending, data
is only available in annual frequencies so we opt for using a quadratic low-to-high-frequency

transformation filter to obtain data at quarterly frequency .

We calibrate the model using standard values from the literature on New Keynesian
models, and to replicate key features from the Tunisian economy. We present choices in
Table 6. Since we will be evaluating the model at zero steady-state inflation, we set the

discount factor to 1.5% (annualized) and the capital depreciation rate to 1.5%. We carefully

0We can instead perform a mixed frequency estimation facilitated by the algorithm provided in Chris-
tensen et al. (2024)
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calibrate o¢ and o; to 1.45 and 1.85 since these two parameters are of great importance
for fine-tuning the resulting slope of IEC. &; and &; are chosen to allow a mark-up rate of
20% and 10% in the formal and informal markets respectively. The average productivity z
is chosen to match the average household consumption, in thousands, from the model with
survey data. The relative productivity vector [Z,, Z;, Z7] is set to [0,0.8, 1] implying that an
informal workers, is on average 80% as productive as their formal counterparts. For the
size of the informal sector, we choose a steady value of 25%. We choose the jump matrix
for household employment status to obtain an employment rate of 15.75% and an informal

employment rate of 44.71%. We report some of the steady-state results in Table 7.

Symbol  Parameter Value
p Discount factor, annualized 1.5%
Q@ Share of capital 0.3
) Capital depreciation rate 1.5%
of Risk aversion for formal consumption 1.45
o Risk aversion for informal consumption 1.85
o)} Inverse Frish elasticity 2
b, Labor disutility 25
&r Formal goods elast. 6
& Informal goods elast. 11
Qy Formal adj. cost 100
Tw Labor tax 25%
¢ Corporate profits tax 20%
Te Consumption tax 18%
Oy Taylor output gap 0.3
z Average productivity 4.75
[Zu, Zi, Z¢]  Normalized productivity vector [0, 0.8, 1]
G%;P Government Debt to GDP, SS 60%
GT:?P Government transfers to GDP, SS 6%
T Inflation, SS 0

Table 6: Calibrated values

In Figure 7, we present the IEC generated from our model alongside a comparison of the
survey and simulated kernel density estimates of the log household quarterly consumption
distribution. We were able to recreate the IEC with a slope of —5.4262 against —5.423 that
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Symbol  Name Model Data

b, Informal utility scaling parameter 0.2684 -

T Interest rate 0.358% -
Gﬁj;.)cf Consumption to GDP 69.39%  70.67%
255 Investment to GDP 15.39%  18.48%
rerars Government spending to GDP 15.21%  20.26%

U Unemployment 15.75%  15.78%
gb% Informal output share 25% 27.4% 2

L Informal employment share 44.71%  44.8% P

T
i ln_(c_)dut Log quarterly expenditure per Household  7.988 7.984

’;;f; dpy  Average share of informal consumption 32.74% 33.467%

a INS estimate for informal sector in official GDP, 2015.
b INS estimate for informal employment, 2019.

Table 7: Steady state results

we estimated earlier. Still, we were not quite able to replicate the consumption distribution.
We can mainly attribute this to the inability of our model to create fat-tail distributions,

which can be achieved using a two-asset model.
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Figure 7: Steady state IEC and consumption distributions

We ran a Metropolis-Hastings algorithm with 80,000 draws after a burn-in of 20000 draws.
In total, we estimate 16 parameters for frictions and shock processes. We report the prior

used and the resulting posterior in Table 8.

o Prior Postorior
Parameter description .
Distr Mean st.d | Mean st.d
2y Formal adj. cost Gamma 100 25 | 78.8495 0.0558
Q; Informal adj. cost Gamma 75 20 | 74.6879 0.0733
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Q. Capital adj. cost Gamma 0.3 0.2 ] 0.6698 0.1138

¢  Taylor rule, inflation Normal 2 1 2.0772  0.0351
Omp Reversion rate, mon. pol. Beta 0.75 0.2 | 0.3711 0.0555

., Reversion rate, formal prod. Beta 0.75 0.2 | 0.2893 0.0777
0., Reversion rate, informal prod. Beta 0.75 0.2 | 0.2427 0.1068
6, Reversion rate, gov. exp. Beta 0.75 0.2 | 0.3153 0.0858
Oy  Reversion rate, MEI Beta 0.75 0.2 | 0.3881 0.0651
Omp Innovation size, mon. pol. Inv-Gamma 0.25 Inf | 0.3531 0.0691
0., Innovation size, formal prod. Inv-Gamma  0.25 Inf | 0.4681 0.0719
0, Innovation size, informal prod. | Inv-Gamma 0.25 Inf | 0.7032 0.1387
o, Innovation size, gov. exp. Inv-Gamma 0.25 Inf | 0.4661 0.0926
oz, Innovation size, formal cost Inv-Gamma 0.25 Inf | 0.3922 0.0403
oz, Innovation size, informal cost | Inv-Gamma 0.25 Inf | 0.5749 0.1212
oy Innovation size, MEI Inv-Gamma  0.25 Inf | 0.6139 0.1234

Table 8: Estimation priors and results

4.4. The Transmission of Monetary Policy in Tunisia
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Figure 8: Impulse response function at the posterior mean

To evaluate monetary transmission in Tunisia, we examine the Impulse Response Func-
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tions (IRFs) of main macroeconomic aggregates generated by the model at Posterior Mean'!
as a response to a positive 1 standard deviation shock at ty5. In general, results are in line
with expectations based on existing literature. Formal output, informal output, GDP, and
investment display a downward hump-shaped response, with the trough reaching its mini-
mum by the third period. The buffer effect of informality is especially highlighted in panel
(a) with a significantly less pronounced reaction and faster recovery from informal out-
put (—0.06% vs —0.37% at maximum) yielding lower losses in aggregate output (—0.33%).
Consumption and formal consumption (panel (b)), exhibit an atypical behavior where they
increase on impact (by +0.1% and +0.08%) before they undershoot their steady state by the
fifth period where they persist for the long term. We try to rationalize this behavior by one
or more of these reasons; First, an increase in government transfers as a result of surging de-
mand for bonds exceeding revenue losses from taxation. Second, in this model specification,
distributed profits increase with restrictive monetary policy as these are counter-cyclical'?.
Third, the presence of indirect effects due to a general equilibrium response from the two
sectors or changes in household disposable income relative to the price of consumed goods.
We further investigate the redistributive effects of policy on consumption in subsequent
parts of our analysis. For inflation rates (panel (d)), we find closely similar responses with
an initial drop of around —0.25%, before returning to the steady state by the 18 period.
Informal inflation deviates marginally lower and more persistently leading to slightly better
transmission to consumption inflation. For the sacrifice ratio, we obtain a value of 0.995 in
the first year after the shock which is quite low. We should note that, as our window widens,
this sacrifice ratio should increase due to the persistence in the GDP’s reaction. Comparing
these results with those found in End et al. (2020) using a VAR model doesn’t suggest a
weakening of monetary transmission as a result of accounting the effects of informality to the
model but, on the contrary, it supports our earlier claim that we can identify better trans-
mission, in terms of sacrifice ratio, from our dual-sector model than from standard tools.
However, the positive shock favors the expansion of the informal sector in the economy. We
can observe in panel (e) that wages in the formal sector drop by as much as 1.1% while
that of the informal sector get a slight boost at first before slightly undershooting below its
steady-state level. As a response, the share of informal labor in total hours increases by up
to 0.3% (panel (f)) while the size of the informal production to GDP goes up at first by up
to 0.5%, before reversing its trajectory by the tenth period where it undershoots its steady

state for the long term.

1Not to be confused with the mean IRFS generated which is often reported as Bayesian IRFs.
12Tn Kaplan et al. (2018) a similar problem arises and is dressed by controlling the share of profits
distributed as liquid and illiquid assets, a specification which we can not achieve in our version.
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Figure 9: Impulse response function across household distribution

One advantage of HANK models is that they capture the dynamics of the household
distribution. In Figure 9 , we take advantage of this feature to explore the reaction of
household consumption spending. In panel (a), we report the response of the standard
deviation. We find an initial increase in the first five periods followed by a decline in the
long term with a maximum of —0.125%. There is still debate about the effects of monetary
shocks on household consumption inequality but this result suggests that a restrictive policy
reduces consumption inequality, but the effect is subtle. Panel (b) presents the consumption
response across the different types of workers. We find that unemployed workers are the most
affected by the shock, an expected result though informal workers are the least affected. This
result can be, in part, explained by the reaction of informal wages and informal production.
If we group households by their wealth level relative to median wealth (panel (c)), we find
that low-wealth households are the ones most affected with high-wealth households’ reaction
being roughly around 65% lower. This is an expected result given the decreasing nature of

MCP as a function of wealth.

Going through a more granular analysis, we generate the consumption response at dif-
ferent wealth levels and by worker type in Figure 10. As we saw earlier, the reaction of
households with lower wealth is stronger. This is especially the case at the boundary @,
(panel (a)) where, despite the initial gains, consumption falls below its steady state level for
the long term. The effect is most notable for unemployed workers. On the other side at a4,
(panel(c)) we can see that consumption follows a similar trajectory across worker-groups,
even if initially informal workers are better-off than the rest. These results suggest that
wealth remains the deciding factor in shaping the reaction function of household consump-

tion, but the worker type is especially important at lower levels of wealth.
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Figure 10: Impulse Response Function by Wealth and Worker Type
5. Conclusion

In this paper, we examine the transmission of monetary policy in an economy characterized
by heterogeneous households and a sizable informal sector. A special focus in our analysis is
given to household consumption and the informal budget share. We organize our work into
three parts. The first part is dedicated to identifying the share of informal spending, using
data from the 2021 National Survey on Household Budget, Consumption and Standard of
Living (ENBCNV), and estimating the slope of the Informal Engel Curve (IEC). Across the
three of our proposed identification strategies, we find statistically significant negative slope
values. Second, we investigate the transmission of a monetary policy shock in the presence of
informality and heterogeneity. We develop a one-asset dual-sector HANK model and com-
pare transmission across different model specifications and at different informality levels.
Results hint at the importance of the combined presence of informality and heterogeneity
in identifying policy transmission with stronger and effective transmission, in terms of the
sacrifice ratio, from our model. But, once we account for heterogeneity, the expansion of the
informal sector dampens the transmission and increases its cost as measured by the sacri-
fice ratio. Finally, we extend our model to include, among other features, an endogenously
reproduced IEC. We are able to estimate this continuous-time HANK model using discrete-
time data by developing a novel workflow based on methods from three different toolboxes.
The transmission results from the Bayesian estimation don’t suggest any weakening in the
effectiveness of monetary shocks as a tool to pursue price stability. However, we find that
restrictive policy favors the expansion of the informal sector. By investigating household
consumption by group, we find that the monetary shocks slightly reduce consumption in-

equality and that unemployed workers seem to be most affected while informal workers are
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the least. We also find that employment status is only important at lower wealth levels and

as it increases, households’ reactions converge.

While we develop our tools for illustrative porpoises only, Monetary authorities in emerg-
ing economies, like Tunisia, should draw inspiration from our results to explicitly include
the informal sector in their policy tools. Doing so will not only improve the efficacy of their
decision-making but also improve public trust in their policy as a result of adopting a more
appropriate representation of their economies. In particular, our result regarding mone-
tary transmission in the presence of informality can provide policymakers with additional
headroom to lean against the wind. Nevertheless, policy implication on the informal sector
presents themselves as an additional externality for the central bank to consider. Also, co-
ordination with fiscal authorities on, targeted direct transfers, can prove useful to mitigate
harmful repercussions of monetary policy on vulnerable segments of the population without

sacrificing policy objectives.

33



References

S. Acharya, W. Chen, M. D. Negro, K. Dogra, A. Gleich, S. Goyal, D. Lee, E. Matlin, R. Sarfati, and
S. Sengupta. Estimating HANK for Central Banks. Staff Reports 1071, Federal Reserve Bank of New
York, Aug. 2023. URL https://ideas.repec.org/p/fip/fednsr/96600.html.

Y. Achdou, J. Han, J.-M. Lasry, P.-L. Lions, and B. Moll. Income and Wealth Distribution in Macroeco-
nomics: A Continuous-Time Approach. The Review of Economic Studies, 89(1):45-86, 04 2021. ISSN
0034-6527. doi: 10.1093/restud/rdab002. URL https://doi.org/10.1093/restud/rdab002.

S. Ahn, G. Kaplan, B. Moll, T. Winberry, and C. Wolf. When Inequality Matters for Macro and Macro
Matters for Inequality. In NBER Macroeconomics Annual 2017, volume 32, NBER, Chapters, pages 1-75.
National Bureau of Economic Research, Inc, 12 2017.

E. Alberola and C. Urrutia. Does informality facilitate inflation stability? Journal of Development Eco-
nomics, 146:102505, 2020. ISSN 0304-3878. doi: https://doi.org/10.1016/j.jdeveco.2020.102505. URL
https://www.sciencedirect.com/science/article/pii/S0304387820300808.

R. Anand and P. Khera. Macroeconomic impact of product and labor market reforms on informality and
unemployment in india. IMF Working Papers, 2016(047):A001, 2016. doi: 10.5089/9781513545257.001.
AQ01. URL https://www.elibrary.imf.org/view/journals/001/2016/047/article-A0O1-en.xml.

A. Asllani, R. Dell’Anno, and F. Schneider. Mapping the Informal Economy Around the World with an
Enhanced MIMIC Approach: New Estimates for 110 Countries from 1997-2022. CESifo Working Paper
Series 11416, CESifo, 12 2024.

A. Auclert. Monetary policy and the redistribution channel. American Economic Review, 109(6):2333—
67, 06 2019. doi: 10.1257/aer.20160137. URL https://www.aeaweb.org/articles?id=10.1257/aer.
20160137.

A. Auclert, B. Bardéczy, M. Rognlie, and L. Straub. Using the sequence-space jacobian to solve and
estimate heterogeneous-agent models. Econometrica, 89(5):2375-2408, 2021. doi: https://doi.org/10.
3982/ECTA17434. URL https://onlinelibrary.wiley.com/doi/abs/10.3982/ECTA17434.

P. Bachas, L. Gadenne, and A. Jensen. Informality, consumption taxes, and redistribution. The Review
of Economic Studies, 91(5):2604-2634, 09 2023. ISSN 0034-6527. doi: 10.1093/restud/rdad095. URL
https://doi.org/10.1093/restud/rdad095.

C. Bayer, B. Born, and R. Luetticke. Shocks, frictions, and inequality in us business cycles. American
Economic Review, 114(5):1211-47, May 2024. doi: 10.1257/aer.20201875. URL https://wuw.aeaweb.
org/articles?id=10.1257/aer.20201875.

P. Castillo and C. Montoro. Inflation Dynamics in the Presence of Informal Labour Markets. BIS Working
Papers 372, Bank for International Settlements, Feb. 2012.

B. J. Christensen, L. Neri, and J. C. Parra-Alvarez. Estimation of continuous-time linear dsge models from
discrete-time measurements. Journal of Econometrics, 244(2):105871, 2024. ISSN 0304-4076. doi: https:
//doi.org/10.1016/j.jeconom.2024.105871. URL https://www.sciencedirect.com/science/article/
pii/S0304407624002161.

E. Colombo, L. Menna, and P. Tirelli. Informality and the labor market effects of financial crises. World
Development, 119:1-22, 2019. ISSN 0305-750X. doi: https://doi.org/10.1016/j.worlddev.2019.03.001.
URL https://www.sciencedirect.com/science/article/pii/S0305750X19300452.

C. Elgin, F. Ohnsorge, and S. Yu. Understanding Informality. CEPR Discussion Papers 16497, C.E.P.R.
Discussion Papers, Aug. 2021. URL https://ideas.repec.org/p/cpr/ceprdp/16497 .html.

N. End, M. E. H. Khatat, and R. Kolsi. Tunisia monetary policy since the arab spring: The fall of the
exchange rate anchor and rise of inflation targeting. IMF Working Papers, 2020(167):A001, 2020. doi:
10.5089/9781513555027.001.A001. URL https://www.elibrary.imf.org/view/journals/001/2020/
167/article-A0O1-en.xml.

J. Fernandez-Villaverde, S. Hurtado, and G. Nuno. Financial frictions and the wealth distribution. Econo-
metrica, 91(3):869-901, 2023. doi: https://doi.org/10.3982/ECTA18180. URL https://onlinelibrary.
wiley.com/doi/abs/10.3982/ECTA18180.

ILO. Women and men in the informal economy: A statistical picture. third edition, Apr.

34


https://ideas.repec.org/p/fip/fednsr/96600.html
https://doi.org/10.1093/restud/rdab002
https://www.sciencedirect.com/science/article/pii/S0304387820300808
https://www.elibrary.imf.org/view/journals/001/2016/047/article-A001-en.xml
https://www.aeaweb.org/articles?id=10.1257/aer.20160137
https://www.aeaweb.org/articles?id=10.1257/aer.20160137
https://onlinelibrary.wiley.com/doi/abs/10.3982/ECTA17434
https://doi.org/10.1093/restud/rdad095
https://www.aeaweb.org/articles?id=10.1257/aer.20201875
https://www.aeaweb.org/articles?id=10.1257/aer.20201875
https://www.sciencedirect.com/science/article/pii/S0304407624002161
https://www.sciencedirect.com/science/article/pii/S0304407624002161
https://www.sciencedirect.com/science/article/pii/S0305750X19300452
https://ideas.repec.org/p/cpr/ceprdp/16497.html
https://www.elibrary.imf.org/view/journals/001/2020/167/article-A001-en.xml
https://www.elibrary.imf.org/view/journals/001/2020/167/article-A001-en.xml
https://onlinelibrary.wiley.com/doi/abs/10.3982/ECTA18180
https://onlinelibrary.wiley.com/doi/abs/10.3982/ECTA18180

G.

R.

2018. URL https://www.ilo.org/wcmsp5/groups/public/---dgreports/---dcomm/documents/
publication/wcms_626831.pdf.

Kaplan, B. Moll, and G. L. Violante. Monetary policy according to hank. American Economic Review,
108(3):697-743, 03 2018. doi: 10.1257/aer.20160042. URL https://www.aeaweb.org/articles?id=10.
1257 /aer.20160042.

La Porta and A. Shleifer. Informality and development. Journal of Economic Perspectives, 28(3):109-26,
09 2014. doi: 10.1257/jep.28.3.109. URL https://www.aeaweb.org/articles?id=10.1257/jep.28.3.
109.

. Liu and M. Plagborg-Mgller. Full-information estimation of heterogeneous agent models using macro

and micro data. Quantitative Economics, 14(1):1-35, 2023. doi: https://doi.org/10.3982/QE1810. URL
https://onlinelibrary.wiley.com/doi/abs/10.3982/QE1810.

. Medina and F. Schneider. Shedding Light on the Shadow Economy: A Global Database and the Inter-

action with the Official One. CESifo Working Paper Series 7981, CESifo, Dec. 2019.

. Medina, F. Schneider, and A. Fedelino. Shadow economies around the world: What did we learn over

the last 20 years? IMF Working Papers, 2018(017):A001, 2018. doi: 10.5089/9781484338636.001.A001.
URL https://www.elibrary.imf.org/view/journals/001/2018/017/article-A001-en.xml.

. H. Moez and R. Nooman. Informality, frictions, and macroprudential policy. IMF Working Papers,

2019(255), 2019. doi: 10.5089/9781498320856.001.A001. URL https://www.elibrary.imf.org/view/
journals/001/2019/255/article-AOOl-en.xml.

. L. Porta and A. Shleifer. The unofficial economy and economic development. Brookings Papers on Eco-

nomic Activity, 2008:275-352, 2008. ISSN 00072303, 15334465. URL http://www.jstor.org/stable/
27720402.

M. Reiter. Solving heterogeneous-agent models by projection and perturbation. Journal of Economic

J.

Dynamics and Control, 33(3):649-665, 2009. ISSN 0165-1889. doi: https://doi.org/10.1016/j.jedc.2008.
08.010. URL https://www.sciencedirect.com/science/article/pii/S0165188908001528.

J. Rotemberg. Monopolistic price adjustment and aggregate output. The Review of Economic Studies,
49(4):517-531, 1982.

35


https://www.ilo.org/wcmsp5/groups/public/---dgreports/---dcomm/documents/publication/wcms_626831.pdf
https://www.ilo.org/wcmsp5/groups/public/---dgreports/---dcomm/documents/publication/wcms_626831.pdf
https://www.aeaweb.org/articles?id=10.1257/aer.20160042
https://www.aeaweb.org/articles?id=10.1257/aer.20160042
https://www.aeaweb.org/articles?id=10.1257/jep.28.3.109
https://www.aeaweb.org/articles?id=10.1257/jep.28.3.109
https://onlinelibrary.wiley.com/doi/abs/10.3982/QE1810
https://www.elibrary.imf.org/view/journals/001/2018/017/article-A001-en.xml
https://www.elibrary.imf.org/view/journals/001/2019/255/article-A001-en.xml
https://www.elibrary.imf.org/view/journals/001/2019/255/article-A001-en.xml
http://www.jstor.org/stable/27720402
http://www.jstor.org/stable/27720402
https://www.sciencedirect.com/science/article/pii/S0165188908001528

	Introduction 
	Informality, Heterogeneity, and Household Consumption
	Informality In Tunisia
	Heterogeneity and Household Informal Spending.
	Estimation of the IEC

	Monetary Policy in a Heterogeneous Agent New Keynesian Model with Informality
	A Dual-Sector HANK Model with Informality
	Households
	Goods Producers
	Monetary Policy
	Government
	Equilibrium

	Alternative Models
	Calibration process
	Model Comparison

	An Estimated Dual-Sector HANK Model for Tunisia
	The Augmented Model
	Households
	Assets
	Goods Producers
	Capital Producers
	Government
	Equilibrium

	Numerical Solution and Estimation Methodology
	Data, Calibration, and Priors
	The Transmission of Monetary Policy in Tunisia 

	Conclusion



