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Abstract

Labor informality is a widespread phenomenon affecting over 61% of the world’s work-
force; however, its macroeconomic impact is not well understood. This paper investigates
how labor informality influences the transmission mechanisms of monetary policy. Us-
ing panel data from Peru’s National Household Survey (ENAHO) spanning 2012 to 2022, the
paper examines the consumption, income, and employment patterns of both formal and
informal workers. The findings indicate that informal workers have a higher marginal
propensity to consume and that their incomes are more sensitive to economic fluctuations.
Based on these findings, the paper constructs a Two-Agent New Keynesian model with in-
formal labor markets. The model shows that informal labor markets amplify the transmis-
sion of monetary policy on output and inflation. Finally, the paper proposes some policy
analyses that underscore the importance of accounting for informal labor markets when
designing effective monetary policies.
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1. Introduction

Labor informality is not merely a side note in the economyj; it is a widespread phenomenon
that affects billions of people around the world. According to the International Labour Orga-
nization (ILO), over 61% of the world’s employed population work informally?, although this
share varies widely between developed, emerging, and developing countries (see figure 1). De-
spite the substantial size of the informal sector and the growing attention it has received in
other fields, the macroeconomic literature, especially regarding monetary policy, has largely
overlooked it.

As a result, we do not understand how monetary policy interacts with labor informality,
largely due to two major gaps: the lack of reliable data and the absence of models that ade-
quately account for the informal sector. The difficulty in collecting reliable data arises because
informal activities are often unrecorded and not reflected in official statistics. Additionally,
most macroeconomic models do not account for the informal sector and instead implicitly
assume that monetary policy affects all workers identically. This neglects the unique charac-
teristics of informal workers, which display a combination of higher vulnerability to economic
fluctuations and distinct consumption patterns.

Figure 1: Informality around the world
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Note: Panel (a) shows the unweighted average of informal employment rates across countries (2012-2022) using
data from the International Labour Organization (ILO). Panel (b) presents the unweighted average of the informal
economy as a percentage of GDP (2012-2017), based on data from Medina and Schneider (2019). Countries are
grouped into developed, emerging, and developing categories according to International Monetary Fund (IMF)
classifications. However, since the IMF does not distinguish between emerging and developing economies, we
use the MSCI definition for emerging markets. Four countries—Czech Republic, Greece, Korea, and Taiwan—are
excluded from the MSCI list as they are classified as developed by the IMF, with the remaining countries classified
as developing.

lIf the agriculture sector is excluded, informal employment falls to 50.5% (ILO, 2018).



This paper addresses these two gaps by offering improved micro-level data and using a
more refined macroeconomic model. Specifically, we ask: How does the presence of informal
employment alter the effectiveness of monetary policy? To answer this question, we focus on
two critical aspects: income sensitivity to economic fluctuations and the marginal propensity
to consume (MPC). Regarding income sensitivity, we postulate that informal workers’ incomes
are more sensitive during business cycles. In other words, during recessions, their income
drops more, and during booms, their income increases more than that of formal workers. This
hypothesis relies on the simple idea that informal employment allows firms to adjust their
workforce more rapidly and at minimal cost in response to economic fluctuations because
informal workers lack formal contracts. As a result, there are no firing costs since these em-
ployment arrangements fall outside government labor protections. However, this flexibility is
a double-edged sword for the economy: it enables efficient labor cost management for firms
during business cycles, but often leads to a lack of job security and protections for workers due
to the absence of formal contracts. We summarize this concept by assuming that informal la-
bor markets are more flexible than formal labor markets. In terms of MPC, we postulate that
workers engaged in informal employment in developing economies typically have limited ac-
cess to financial services, making their consumption highly sensitive to changes in disposable
income. In other words, informal workers exhibit a higher MPC than formal workers.

Thus, in this paper, we postulate that the combination of high labor flexibility in informal
labor markets and the high marginal propensity to consume (MPC) of informal workers can
amplify the impact of monetary policy on aggregate output and inflation. To empirically in-
vestigate our hypothesis, we focus on Peru—a developing economy where informal labor is
widespread and high-quality microeconomic data on informality are available. Utilizing de-
tailed household-level data from Peru’s National Household Survey (ENAHO) spanning 2012 to
2022, we analyze the consumption behavior and income of informal and formal workers. The
ENAHO survey provides comprehensive information on income, expenditure, employment
status, and access to financial services. It includes both cross-sectional data covering approx-
imately 30,000 households annually and a valuable longitudinal panel component. The panel
data tracks about 10,000 households, each followed for at least two years, with some tracked for
up to five years, across nine waves of longitudinal data. Using this cross-sectional and panel
data, we construct empirical facts, estimate MPCs, and track the income of informal workers
during recessions. In order to align our data with the hypothesis, we divide households into
two categories: Ricardian and hand-to-mouth (HtM) households. HtM households are defined
as those that consume all their currentincome and are unable to save or borrow. In developing
economies like Peru, this group is often represented by informal workers who, due to limited
access to financial services, are restricted in their ability to save and borrow. We use the lack
of a bank account as a proxy for identifying HtM individuals, acknowledging that this opera-
tional definition may underestimate their numbers, as some individuals with bank accounts
may still lack access to loans and therefore remain financially constrained. Conversely, Ri-
cardian households are those that plan their consumption based on both current and future



income, smoothing consumption over time. Typically, these households work in the formal
sector and have access to financial services. We use holding a bank account as a proxy for
identifying these households.

Our analysis highlights several key findings. First, there is a strong correlation between
informal jobs and HtM individuals. Cross-country analysis using national surveys and data
from the ILO-SDG database (2014-2022) shows a 90% correlation between the lack of bank ac-
counts—used as a proxy for HtM households—and informal employment. At the household
level, our analysis of ENAHO survey data further supports this relationship, revealing a strong
empirical link between HtM status and labor informality. Over 80% of HtM households, in-
cluding those in the top income quintile, are engaged in informal jobs. This demonstrates
that informality and HtM status are not purely correlated with income. In contrast, Ricardian
households are more evenly split between formality and informality, although differences ex-
ist at income extremes. Formal Ricardian households are concentrated in the top 20% of the
income distribution, while informal Ricardian households are largely found in the bottom 20%.
Collectively, these findings demonstrate how informality and HtM status often coincide, inten-
sifying the difficulties informal workers face in smoothing consumption and accessing credit,
particularly during economic downturns.

Secondly, we find a higher MPC among informal workers. We estimate the MPC in Peru
using panel data from the ENAHO survey and apply a structural estimation method to ana-
lyze how income changes affect consumption, particularly for informal workers. Under this
approach, we first extract the unpredictable component of consumption and income (control-
ling for observable variables), and then use a structural model to disentangle permanent and
transitory income shocks. By calculating partial insurance parameters and utilizing covari-
ance restrictions, we estimate the annual MPC for transitory income. The results show that
the MPC for informal workers is statistically higher than that for formal workers.

Thirdly, informal workers are particularly vulnerable during economic downturns, as demon-
strated by the 2019-2020 recession in Peru. Our analysis shows that informal workers experi-
enced sharper income declines during recessions but quicker recoveries during expansions
than formal workers, highlighting their sensitivity to business cycles. This difference in in-
come sensitivity remains robust even after accounting for sectoral employment, with informal
workers in most sectors experiencing steeper losses than their formal counterparts. Addition-
ally, the difference in income sensitivity is even more evident when comparing informal HtM
workers with formal Ricardian workers?.

On the other hand, to quantify the impact of labor informality on monetary policy transmis-
sion and understand the channel of transmission in a general equilibrium setup, we construct
a Two-Agent New Keynesian (TANK) model with labor informality, calibrated using the earlier
empirical findings. The TANK model includes five key agents: the central bank, which sets
monetary policy; two types of households—Ricardian households, which optimize intertempo-
rally, and HtM households, which consume their entire labor income and hold no assets; and
two types of firms—wholesale firms and retail firms. Additionally, we assume the existence

2In this paper, we focus on the intensive margin, although it can be generalized to the extensive margin as well.



of five markets: the bond market, the final goods market, the intermediate goods market, and
two labor markets—formal and informal.

Importantly, from the firm’s perspective, we assume that formal and informal hours are
perfect substitutes in the production function®. Since labor markets are assumed to be com-
petitive, firms cannot set wages. Therefore, their only way to minimize labor costs is by ad-
justing the number of hours worked. Thus, the key distinction between formal and informal
jobs lies in the nature of their contracts: formal contracts impose penalties on firms for adjust-
ing hours beyond the equilibrium, while informal contracts do not. As a result, it is easier for
firms to adjust the hours of informal workers than formal workers.

In this sense, formal contracts are analogous to hiring and firing decisions, implying that
it is more challenging for firms to hire and fire workers under formal contracts than under
informal ones. The TANK model incorporates these ideas by introducing a quadratic adjust-
ment cost for changes in formal working hours, creating an asymmetry where firms are more
incentivized to disproportionately reduce labor demand for informal workers. As a result, dur-
ing periods of contraction, informal workers experience a greater reduction in labor demand,
leading to larger drops in income compared to formal workers. In other words, informal work-
ers’ income are more sensitive to changes in the business cycle.

The impact of this income asymmetry on the aggregate economy becomes more significant
when considering both Ricardian and HtM households simultaneously. For Ricardian house-
holds, income fluctuations are less problematic, as they can access bond markets to smooth
their consumption. In contrast, HtM households face limited options: they can either increase
their labor supply or reduce their consumption. Although an increase in labor supply could
help mitigate negative economic effects, the reduction in consumption by HtM households
negatively impacts aggregate demand, creating a broader economic effect—often referred to
as a general equilibrium effect. Therefore, the interaction between labor informality and HtM
households can amplify the effects of monetary policy.

The underlying mechanism through which monetary policy impacts the economy operates
through both direct and indirect channels. The direct effect, referred to as the partial equi-
librium effect, works through the intertemporal substitution channel. When the central bank
raises interest rates, Ricardian households, who can smooth their consumption over time, are
incentivized to save more, thereby reducing their current consumption. This decline in con-
sumption decreases aggregate demand, prompting firms to adjust their production and labor
demand. However, due to the adjustment cost on formal jobs, the reduction in labor demand
disproportionately affects informal workers. At this point, the indirect or general equilibrium ef-
fect becomes relevant. As informal workers experience rapid income declines due to reduced
informal employment, their consumption also falls, further exacerbating the reduction in ag-
gregate demand and deepening the contraction in output. Of course, this indirect effect would
be less significant if informal workers had access to bond markets. However, as the data show,

3Furthermore, we assume that both labor markets are competitive, meaning that, in equilibrium (or steady
state), wages in both markets are the same. The purpose of this assumption is to eliminate unnecessary complex-
ity. The focus of this paper is not on explaining wage gaps between formal and informal jobs but rather on the
consequences of deviations from this steady state. Therefore, wage differences are considered irrelevant for the
purposes of our analysis.



these workers are more likely to belong to HtM households, which implies they have a high
MPC. Therefore, it is the combination of informal workers and HtM households that amplifies
the power of monetary policy. This new channel is particularly relevant for economies with
large informal labor markets.

Finally, after calibrating the TANK model using data from the ENAHO survey, we examine
the effects of a 1-percentage-point increase in interest rates on the Peruvian economy. The
results indicate that such a rate hike leads to a 0.34 percentage point reduction in output and
a 0.13 percentage point decrease in inflation. These findings are consistent with earlier em-
pirical studies on the Peruvian economy. Next, we explore four scenarios. For example, if
households become more HtM, how does this change the central bank’s transmission mech-
anism? What would happen if the informality rate changes? To analyze these scenarios, we
use a standard Representative Agent New Keynesian (RANK) model as a baseline*. The TANK
model predicts that the inclusion of HtM households increases the power of monetary policy
by approximately 4 percentage points. Additionally, the power increases by another 4 percent-
age points if labor informality is included. However, the model also suggests that if most HtM
households become formal, the power of monetary policy will be reduced by up to 6 percent-
age points compared to the TANK model with informality.

Related Literature. This paper is related to four main strands of literature:

Informal Labor Markets and Heteregoneous Agents There hasbeen a growing literature
on introducing informality in a heterogeneous agents setup. Many of these papers have em-
phasized the role of entrepreneurship as an important feature of informality (Ulyssea, 2018,
2019; Lopez-Martin, 2019; Granda-Carvajal and Hamann, 2015, 2020; Granda-Carvajal et al.,
2019; Maya and Pereira, 2021, 2022; Erosa et al., 2023). In this framework, these studies fo-
cus on income distribution, labor policies, and other real frictions. Our contribution to this
literature lies in analyzing informality in a heterogeneous agents setup while introducing nom-
inal rigidity to examine the effects of monetary policy. However, rather than focusing solely
on a quantitative model, we first see the necessity of introducing a tractable heterogeneous
model to better understand the mechanisms that link labor informality and monetary policy.

Monetary Policy and Informal Labor Markets This paper contributes to the literature
on monetary policy and informal labor markets®. The first known study in this area was con-
ducted by Batini et al. (2011), who used a Representative Agent New Keynesian (RANK) model
to analyze the effects of certain monetary policy rules in economies with informal labor mar-
kets. Later, Castillo and Montoro (2012), along with Alberola and Urrutia (2020), incorporated

*During the exercise, we define "power" in terms of the central bank’s ability to change output.

SPrevious research has integrated informality into Real Business Cycle (RBC) models for both closed economies
(Conesa et al., 2002; Granda-Carvajal, 2012, 2015; Restrepo-Echavarria, 2014) and open economies (Fiess et al., 2010;
Fernandez and Meza, 2015; Horvath, 2018; Coskun, 2022; Alba and McKnight, 2022). Other studies have incorpo-
rated search frictions to understand informal labor market dynamics in flexible price settings (Cook and Nosaka,
2005; Charlot et al., 2011; Shapiro, 2014, 2015; Colombo et al., 2019; Lama et al., 2022; Bosch and Esteban-Pretel,
2012).



search-matching frictions into a RANK model, finding that informality helps reduce inflation-
ary pressures after demand shocks. Their intuition is that informal labor lowers costs, thereby
acting as a buffer for wages®. In this regard, our model offers two key contributions to the
literature: it extensively uses microdata to better understand the behavior of informal labor
markets, and from a theoretical perspective, it introduces, to the best of our knowledge, the
first model of monetary policy with heterogeneous agents and informal labor markets.

Financial Access and Monetary Policy The literature on Heterogenous New Keynesian
models highlights the importance of HtM households in the transmission of monetary policy
(Gali et al., 2004, 2007; Bilbiie, 2008; Kaplan et al., 2018; Bilbiie, 2024)’. These models demon-
strate that the influence of monetary policy on the economy is closely linked to the proportion
of HtM households, with indirect effects of monetary shocks being more pronounced when
the share of HtM households increases®. In this context, this paper is closely related to two
studies: Mehrotra and Yetman (2014), who examine the impact of financial inclusion on opti-
mal monetary policy®, and Cantore et al. (2023), who focus on the interactions between labor
supply and monetary policy in the U.S. At a theoretical level, we extend these studies by focus-
ing on a developing economy. We also explore formal and informal labor markets and their
interaction with monetary policy, while also highlighting the crucial role of financial inclusion
in shaping these dynamics.

Marginal Propensity to Consume in Emerging Economies In recent decades, there has
been a significant expansion in the literature on the marginal propensity to consume (MPC), re-
flecting growing recognition of micro-level heterogeneity in aggregate consumption patterns.
Researchers have employed a variety of methodologies to estimate MPCs, with some of them
relying on structural approaches, natural or quasi-experiments, or elicitation surveys (Craw-
ley and Theloudis, 2024). Despite this wide range of approaches, one limitation of the existing
literature is that most MPC estimations are concentrated on developed countries. Moreover,
the limited research that does exist for developing nations tends to focus on specific regions or
targeted populations!?. In contrast to this narrow focus, we identify three studies that estimate
MPCs in developing countries, particularly in Peru (Hong, 2023; Guntin et al., 2023; Céspedes
and Talledo, 2024). Unlike these studies, which focus on aggregate or quintile MPC, this pa-
per emphasizes the differences in MPC between formal and informal workers in a developing

economy, especially in relation to financial inclusion.

®We note two other papers related to monetary policy in a RANK setup: Ospina (2023), who examines optimal
monetary policy in an economy with an informal sector, and Bandaogo (2018), who explores informality using a
small open RANK model with informal goods and informal labor employment.

7For a discussion of the fiscal multiplier in the context of TANK models, see Cantore and Freund (2021).

8However, this also introduces a stability problem: as the number of HtM households increases, it becomes
more difficult to achieve stability under conventional monetary policy parameters (Mehrotra and Yetman, 2014).

9Several studies have examined the role of financial inclusion in relation to monetary policy. Some examples
include Yetman (2017), Usman Arshad et al. (2021), Jungo et al. (2022), and Ozili (2023).

OFor example, Paxson (1992) studies the consumption responses of rice farmers in rural Thailand, while
Haushofer and Shapiro (2016) and Egger et al. (2022) analyze the consumption behaviors of poor households in
rural Kenya.



Roadmap. The rest of the paper is structured as follows: Section 2 presents the empirical
analysis, detailing the data sources, methodology, and key findings regarding the consump-
tion of formal and informal workers in Peru, including an examination of cross-country data,
the relationship between informality and financial inclusion, and the estimation of the MPC
among different household types; Section 3 introduces the theoretical framework based on
the TANK model and explains how labor informality is incorporated, covering both the sim-
ple multiplier model and the more complex TANK model to illustrate the mechanisms at play;
Section 4 discusses the calibration of the model using Peruvian data and presents simulation
results, demonstrating the amplification effects of monetary policy in the presence of labor
informality; and finally, Section 5 concludes with a discussion of the policy implications.

2. Data and Empirical Analysis

2.1. Cross country data

What can we learn from cross-country data regarding informality? As shown in Figure 2, our
findings indicate a striking 88% correlation between the lack of bank accounts and informal
employment across countries. In other words, countries that have a higher informality rate
are also countries that show low degrees of financial inclusion.

In this paper, we do not aim to explain the reasons behind this correlation but rather ex-
plore its consequences!!. First, we propose that the lack of access to bank accounts serves as
a useful proxy for identifying HtM households. While studies like Kaplan et al. (2014) have
estimated the prevalence of HtM households in some developed countries, the available data
are insufficient to establish meaningful cross-country correlations. This limitation exists be-
cause accurately estimating HtM households requires comprehensive surveys capturing both
income and financial wealth—data that are especially scarce in developing economies. Given
this constraint, we use the lack of access to financial products as a proxy for identifying HtM
households. We assume that individuals without bank accounts are likely to face difficulties
in accessing loans, as banks lack prior financial information about them. As a result, these
individuals struggle to obtain credit during economic downturns, severely constraining their
ability to smooth consumption.

Therefore, a more refined interpretation of Figure N2 is that informality is positively cor-
related with the HtM condition. However, the problem with this graph is that it only shows a
correlation. To be more certain about this relationship, we need to find a more reliable dataset.
In the next subsection, we will use micro-level data to confirm this correlation.

0ne possible explanation is that informal labor, by its nature, operates outside the law and therefore must
minimize records. Using a bank account might increase the likelihood of detection by the government, making
the use of cash essential. This reliance on cash could explain why informal workers often lack access to bank
accounts. Another reason could be that informal labor does not generate income records, which severely limits
the likelihood of obtaining financial services.



Figure 2: Cross-country data: Financial Inclusion & Informal Employment (2014-2022)
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Notes: Values represent an unweighted average for 2014-2022. Informal unemployment data is sourced from the
International Labor Organization (ILO-SDG database), and financial inclusion data comes from the World Bank’s
Global Financial Inclusion Database. The first panel variable is the 'no bank account’ variable, which captures the
percentage of individuals over 15 years old who report not holding any type of account with banks or other financial
institutions. The second panel combines access to bank accounts with access to ‘'mobile accounts.” Like the first
measure, this variable applies to individuals over 15 years old.

2.2. Microdata-household level data

To study the role of informality, it is important to have reliable data on employment, income,
and expenditure while ensuring enough detail to distinguish between formal and informal
workers. After reviewing various countries, we found that Peru’s microdata provides a good ba-
sis for this analysis. The microdata originates from the National Household Survey (ENAHO),
covering the years 2012 to 2022. This dataset is particularly useful because it includes both
cross-sectional and panel data. The panel data tracks around 10,000 households, each followed
for at least two years, with some tracked for up to five years across nine waves. In contrast, the
cross-sectional data covers roughly 30,000 households each year over the entire period from
2012 to 2022. The ENAHO employs a stratified sampling technique that ensures a balance be-
tween urban and rural areas, thereby making the data nationally representative. The dataset
includes a wide range of variables, including those related to income, consumption, and labor
markets. To assess consumption accurately, we measured aggregate consumption for each
household, adjusting for the number of household members. Additionally, all variables are
converted to real terms and expressed in Peruvian soles!?.

Definition of informality'®. We define informal workers as individuals who declare employ-
ment and have one of the following three characteristics: (1) they are employers or self-employed
in the informal sector, (2) they are white- or blue-collar workers who do not contribute to social health

2For a more detailed discussion of the ENAHO modules used in this paper, refer to Annex B.1.
BThis is the same definition used by the National Institute of Statistics (INEI) when working with the ENAHO.



insurance, or (3) they are unpaid family workers. This definition allows us to clearly distinguish
between the sector and the type of employment—whether formal or informal. Crucially, the
formality or informality of a job is independent of the formality or informality of the firm. For
example, a worker may be employed by a formal firm but still hold an informal job. Conversely,
if an individual is self-employed and the firm is formal, the job is also considered formal. This
method of measuring formal and informal employment relies on two factors: the formality of
the firm and the formality of the job!* (See Table 1).

Table 1: Sector and employment by informality condition

Employment
Formal Informal
Self-employed & employers -
Formal Employees Employees
Domestic workers Domestic workers
Sector - Unpaid family worker
- Self-employed & employers
Informal - Employees
- Unpaid family worker

Source: National Institute of Statistics (INEI), ENAHO.

2.2.1. Hand-to-Mouth and Ricardian households

We previously defined hand-to-mouth (HtM) individuals as those lacking access to financial
products, specifically those without bank accounts, while Ricardian individuals are those with
at least one bank account. Some may reasonably argue that individuals within the same house-
hold can differ in their access to bank accounts. Therefore, we grouped individuals by house-
hold and created two categories: HtM households and Ricardian households. HtM households
are those where none of the members holds a bank account, while Ricardian households are
those where all members have at least one bank account.

Figure 3a shows the distribution of HtM and Ricardian households across income quintiles.
The blue bar represents HtM households, while the red bar represents Ricardian households.
The gap between the blue and red bars reflects the percentage of households in an intermediate
category—those where some members have a bank account while others do not. The figure
clearly shows that in the bottom 20%, most households are entirely HtM, whereas in the top
20%, most households are entirely Ricardian. The graph highlights a clear pattern: poorer
households tend to be HtM, while wealthier households tend to be Ricardian.

Factl Low-income households tend to be HtM, while high-income households tend to be Ricar-

dian.

4See the Annex B.2 for a detailed discussion about the process of estimating informality.
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Figure 3: Household Types by Income Quintiles (2012-2023)

(a) HtM and Ricardian households (b) Formal and Informal households
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Note 1: Panel (a): Hand-to-Mouth (HtM) individuals are defined as those who report not holding any bank account.
The blue bars represent households where all members are HtM, while the red bars represent households where
all members are Ricardian. The gap between 100% and the combined total of the blue and red bars corresponds to
households with a mix of both HtM and Ricardian members. Panel (b): The blue bar indicates households where
all members are informal workers, while the red bar shows households where all members are formal workers.
The gap between 100% and the combined total of these bars reflects households with a mix of both formal and
informal workers. Note 2: In both graphs, ql to q5 represent quintiles 1 to 5. Both figures show the percentage
of households that meet the definition within each income quintile. For example, in Panel (a), q1 indicates that,
among all households in this quintile, 70.3% are HtM, 16.8% are Ricardian, and the remainder are mixed households.
Source: ENAHO - updated methodology.

2.2.2. Informality and income distribution

The next figure presents informal and formal employment across income quintiles. First, we
identified individuals holding informal and formal jobs and then grouped them into house-
holds. We define "informal households" as those where all members hold informal jobs, and
"formal households" as those where all members hold formal jobs. In Figure 3b, the blue bar
represents households where all members are informal workers, while the red bar represents
those where all members are formal workers. The gap between 100% and the combined total
of the blue and red bars reflects households with both formal and informal workers, explaining
why the sum does not equal 100%.

One striking observation from Figure 3b is the high prevalence of informality in the bottom
20% of the income distribution (quintile 1), where more than 90% of households are entirely
informal. Interestingly, informality remains significant even in the top 20%, with at least one-
third of households consisting entirely of informal workers. In the top quintile, most house-
holds are mixed, meaning they have at least one member in the informal sector and one in the
formal sector. Figure 3b also shows that informality is heavily concentrated in the bottom 20%,
40%, and 60% of the income distribution, indicating that it is more prevalent among poorer

households. Conversely, formality becomes more common as household income increases®.

15See Annex B.3 for a more in-depth discussion of income and consumption distribution between formal and
informal households.
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Fact 2 Informal households are heavily concentrated among low-income households, and this

proportion decreases as income increases.

2.2.3. Informality and Hand-to-Mouth

To conclude our analysis, we focus on the characterization of HtM households by their formal-
ity status—whether they are formal or informal. As shown in Figure 4, these households are
divided into two main groups: Ricardian and HtM, with further subcategories of formal and
informal. Importantly, the combined total of the blue (informal) and red (formal) bars sums
to 100%, as mixed households—those with both formal and informal members—are excluded.
For Ricardian households, Figure 4 reveals a distinct pattern across the income distribution:
informal Ricardian households are predominantly found in the bottom 20%, while formal Ri-
cardian households are concentrated in the top 20%. This distribution shows that, although
Ricardian households are evenly divided between formal and informal overall, their composi-
tion diverges significantly at the income extremes. In contrast, HtM households show a strong
tendency toward informality across all income levels. Even in the top 20% of the income distri-
bution, where formality might be expected to dominate, over 80% of these households remain

informall®.

Fact 3 HtM households are overwhelmingly informal, while Ricardian households are evenly
divided between formal and informal overall.

Figure 4: HtM and Ricardian households by income quintiles and informality (2015-2023)

(a) Ricardian households (b) HtM households

‘ Il Formal HHs (100% members are Formal) [Jl] informal HHs (100% members are Informal) ‘ B Formal HHs (100% members are Formal) [Jlj informal HHs (100% members are Informal)
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9.1
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Note 1: Panel (a) shows Ricardian households classified as either formal or informal. Mixed households, which
include both formal and informal workers, are excluded so that the blue and red bars always sum to 100%. Panel
(b) shows Hand-to-Mouth (HtM) households, also classified as either formal or informal, with mixed households
removed to ensure the blue and red bars sum to 100%. Note 2: In both graphs, gl to g5 represent quintiles 1 to 5.
Both figures show the percentage of households that meet the definition within each income quintile. For example,
in Panel (a), q1 indicates that, among all Ricardian households in this quintile, 81.4% are informal households, and
18.6% are formal households. Source: ENAHO - updated methodology.

16gee the Annex B.5 for a discussion on formal and informal households by income quintiles and HtM during
the period 2015 to 2023.
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2.3. Marginal Propensity to Consume

Having analyzed the cross-sectional data, we conclude, based on Fact 1, Fact 2, and Fact 3,
that the strong correlation observed in Figure 2, using cross-country data, is supported by the
microdata and is therefore not spurious. With this understanding of informality, we must con-
sider its consequences. If most informal workers are HtM, they likely have a higher Marginal
Propensity to Consume (MPC) than other groups, as HtM individuals are more responsive to
income fluctuations due to limited access to financial services.

Our central hypothesis is that workers that are informal will exhibit a higher MPC than
those that are not informal. To test this hypothesis, we will estimate the MPC using Peruvian
panel data from the ENAHO survey. Although the ENAHO data has been available since 2011,
the crucial question of whether households hold a bank account was only introduced in 2015.
Therefore, as this variable is essential for distinguishing between HtM and Ricardian house-
holds, our analysis will focus on the 2015-2022 waves (Table 2). In the following 2.3.1 and 2.3.2
sections, we will outline the econometric model used to estimate the MPC, detailing each step
of the analysis.

Table 2: Waves of the ENAHO panel data with financial inclusion variables

2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
wave 1 X X X X X
wave 2 X X X X X
wave 3 X X X X X
wave 4 X X X X X
wave 5 X X X X

Note: The ENAHO survey tracks individuals for up to five years, as indicated by an "x" in the tracking table.

2.3.1. Panel estimation

In this section, we will regress the following econometric model, where i represents individual
workers and ¢ represents years.

+ o3 (AY x INFyy) + oy (AYy x QYTyy)

/
+XyB+ o +ve+uy (1)

The variables in the equation include the one-year change in household expenditure per capita
(annual, in real PEN), denoted as AC;;, and the one-year change in household net total income
per capita (annual, in real PEN), represented by AY;;. The variable INF;; is an indicator that
equals 1 if all household members in the individual’s household are informal workers, and
0 otherwise. The equation also incorporates individual and time fixed effects, ; and vy, re-
spectively. Additionally, the model controls for various factors through the vector X;t, which
includes age, age~2, sex, education, sector, type of job, size of firm, region, and their com-
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binations. The income quintile, ranging from 1 to 5, is represented by QYT;;. By including
these controls and focusing on the interaction term, we aim to isolate the effect of informality
on consumption, particularly in response to income changes. Additionally, it is important to
mention that, to capture the difference between formal and informal workers, we excluded
individuals who switched between informal and formal labor during the observation period.

The purpose of Equation 1 is to estimate how changes in income affect consumption, con-
trolling for whether the household is informal, the income quintile, and other demographic
and job-related factors. The key parameter of interest is «3, which captures the interaction
between income change and informality. We hypothesize that a3 will be significant and posi-
tive, indicating that for households with informal jobs, a similar change in income leads to a
greater increase in consumption.

The results presented in Tables 3 and 4 offer critical insights from 2011 to 2022, with a par-
ticular focus on differences between formal and informal workers. These tables are key to
understanding consumption behavior dynamics, especially in relation to financial inclusion,
which was systematically recorded only from 2015 onward. This temporal division allows for a
more nuanced analysis: Table 3 covers 2011 to 2022, providing a broader context, while Table
4 focuses on 2015 to 2022, reflecting the period with complete financial inclusion data. Both
tables are structured to enable a detailed comparison of how income changes affect consump-
tion. The dependent variable, the change in per-capita expenditure, is analyzed using three
distinct definitions of consumption. The first definition, in columns 1to 3, includes total house-
hold expenditure per-capita. The second, in columns 4 to 5, focuses on monetary expenditures,
excluding in-kind transactions. The third, in columns 6 to 7, uses the definition of expenditure
on nondurable goods and services from Guntin et al. (2023), offering a comparative perspec-
tive based on established literature. The models are estimated using panel fixed effects with
robust standard errors.

For simplicity, we will refer to «3 as the marginal propensity to consume (MPC), acknowl-
edging that this reflects correlation rather than causality, as we do not have an exogenous
source of income. However, we still believe this exercise is valuable, as it demonstrates that
informal workers exhibit a relatively stronger relationship between income and consumption
compared to formal workers.

In the baseline estimation presented in column 3 of Table 3, a 1-percentage-point increase
in income leads to a 27 percentage point rise in consumption. For informal workers, this in-
crease is amplified by an additional 9 percentage points, reflecting their higher MPC relative
to formal workers. Table 4 reinforces these findings, suggesting that the differential impact of
informality becomes even more pronounced in later years, with the MPC for informal workers
up to 17 percentage points higher than that of formal workers (see column 2). This consistent
pattern across different periods, consumption definitions, and controls underscores the ro-
bustness of the results and highlights the significant role of informality in shaping the MPC.

It is important to note that these estimates may be influenced by the nature of income
shocks, whether transitory or permanent. The difficulty in distinguishing between these types
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Table 3: Annual MPC (2011-2022)
dep var: AC;;, expenditure per capita (Annual, real PEN)

Total Monetary Expenditure | Nondurable Goods
1) ) ©) 4) (5) (6) @)
0.27%*%*  0.15%**  0.27*** | 0.07*** 0.15%** 0.07*** 0.15%**
Ali (0.011)  (0.029)  (0.040) | (0.022) (0.032) (0.021) (0.032)
0.15%**  0.09%** | 0.14*** 0.10%** 0.14%** 0.10%**
AY;, x INF;,
(0.031)  (0.033) | (0.023) (0.026) (0.023) (0.026)
Controls
INF;, YES YES YES YES YES YES
QYT;, YES YES YES
AY;; x QYT YES YES YES
region X year YES YES YES YES YES YES YES
X;t f3: YES YES YES YES YES YES YES
id-FE YES YES YES YES YES YES YES
time-FE YES YES YES YES YES YES YES

Note: X;; includes age, age~2, sex, education, sector, type of job, size of firm, and region. N=13,898. All estimations
use robust standard errors. Significance levels are indicated as follows: *** p<0.01, **p<0.05, *p<0.1.

of shocks raises questions about the interpretation of the estimated MPC. Additionally, there
may be concerns regarding the identification strategy. To address these issues, the paper
proposes a structural model designed to disentangle the effects of transitory and permanent
shocks, while also providing a more reliable identification strategy for estimating the MPC.
The next section will explore the construction of this model and its potential implications for
analyzing the MPC.

2.3.2. MPC: structural estimation

Following Hong (2023), we estimate the MPC with respect to transitory income shocks using
three moment conditions based on the Generalized Method of Moments (GMM)Y. The mo-

ment conditions are as follows:

E[xY;; — Cy] =0 (2)
E[Ac; — 0 —pAy;] =0 3)
E[AYir1 (Acy — o —bAY;)] =0 )

where y;; and c;; represent the unpredictable components of income and consumption,
respectively. Y;; and C;; are income and consumption in levels, « is the mean-consumption-
to-mean-income ratio, and 1 is the elasticity of consumption with respect to income. After
estimating k,\, « and their variance-covariance matrix, we can derive the MPC by calculating

Y This structural approach, known as the covariance restriction, was first implemented in a seminal paper by
Blundell et al. (2008). Refer to the Annex C.3 for a detailed explanation of their methodology.
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Table 4: Annual MPC (2015-2022)

dep var: ACy;, expenditure per capita (Annual, real PEN)

Total Monetary Expenditure | Nondurable Goods
) @ ®) @) ) (6) @)

0.27*%*  0.14***  0.27*** | 0.06*** 0.16*** 0.06***  0.16***

Ali (0.012)  (0.032)  (0.044) | (0.023) (0.034) (0.023)  (0.034)

AY;, x INF, 0.17%**  0.09** | 0.15%** 0.10*** 0.15%**  0.10%**

(0.034)  (0.036) | (0.025) (0.028) (0.025)  (0.028)

Controls

INF;, YES YES YES YES YES YES
QYT YES YES YES
AY;; x QYT YES YES YES
region X year YES YES YES YES YES YES YES
X;t f: YES YES YES YES YES YES YES
id-FE YES YES YES YES YES YES YES
time-FE YES YES YES YES YES YES YES

Note: X;; includes age, age~2 , sex, education, sector, type of job, size of firm, and region. N=11,715. All estimations
use robust standard errors. Significance levels are indicated as follows: *** p<0.01, **p<0.05, *p<0.1.

MPC = «1p. Before applying this methodology to the ENAHO panel data, we excluded individu-
als who transitioned between formal and informal jobs. Itis important to clarify that "informal
workers" refers to individuals from households where all members are employed informally,
while "formal workers" refers to those from households where all members are employed for-
mally. Additionally, due to data availability on bank accounts, we divided our analysis into two
periods: the full sample from 2011-2022 and the period from 2015-2022. The rationale for this
division is that 2015 was the year when the ENAHO survey began including questions related
to financial access, resulting in incomplete data on bank account holdings in earlier waves.
Additionally, similar to Section 2.3.1, we excluded individuals who switched between informal
and formal labor during the observation period.

Figure 5illustrates the annual MPC to transitory income across four cases: Case 1 compares
formal and informal workers, Case 2 compares informal HtM workers with formal Ricardian
workers, Case 3 compares informal Ricardian workers with formal HtM workers, and Case 4
compares informal HtM workers with informal Ricardian workers. As shown in Figure 5, the
MPC for formal workers is lower than that of informal workers, with the difference being par-
ticularly pronounced when comparing informal HtM workers with formal Ricardian workers.
Cases 3 and 4 reveal no significant differences between the compared groups, and overall, Fig-
ure 5 demonstrates that the MPC is higher for informal workers, which aligns with the results

from the panel estimation in section 2.3.1.
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Figure 5: Annual MPC to Transitory Income
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Note: The graph presents the annual Marginal Propensity to Consume (MPC) out of transitory income using a "co-
variance restriction" methodology for the Peruvian economy. The intervals are shown with 90% confidence. We
define four cases: Case 1 compares Informal vs. Formal workers; Case 2 compares Informal (HtM) vs. Formal
(Ricardian) workers; Case 3 compares Informal (Ricardian) vs. Formal (HtM) workers; and Case 4 compares In-
formal (HtM) vs. Informal (Ricardian) workers. The definition of consumption is the total household expenditure
per-capita.

2.4. Income of formal and informal workers

From Section 2.3, we concluded that the MPC is higher for informal workers compared to for-
mal workers. This naturally leads to the next question: Are informal workers’ incomes more
sensitive to business cycles? In other words, during a recession, are informal workers more
significantly impacted in terms of income? Conversely, what happens when the economy is
booming—do informal workers experience a larger income response? If so, we can affirm that
informal workers are indeed more sensitive to economic fluctuations. This characteristic will
be important later when we analyze the interaction between income volatility and a high MPC.

To examine changes in informal income during business cycles, we use the same panel
data from Section 2.3 and calculate the average income for informal and formal workers. It
is important to note that during the study period (2012-2022), the Peruvian economy did not
experience any recessions or negative growth, except for the downturn caused by COVID-19.
Therefore, we use the COVID-19 recession as an event study to analyze how formal and infor-
mal incomes behave during downturns, and the subsequent recovery period to assess income
changes during an economic rebound. Our hypothesis is that the income of informal workers
would decline more sharply than income of formal workers.

The evolution of income for these two groups of workers is illustrated in Figure 6, which
highlights the recession period with a vertical gray zone. This panel also uses 2019 as the
baseline year to compare the income trends for these groups. Panel (a) reveals two key in-
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sights. First, it shows a sharper drop in income for informal workers compared to formal
workers during the recession, underscoring their high sensitivity to economic shocks. This
suggests that informal workers, who often lack job security, are disproportionately affected
by economic downturns. Second, while both groups experienced income declines during the
recession, their post-recession recovery patterns diverged significantly. Informal workers saw
their incomes recover more quickly than formal workers. These two findings suggest that in-
formal workers’ income exhibits greater volatility and, therefore, they are more exposed to
economic cycles than formal workers. Panel (b) shows a similar pattern when comparing two
other groups: Formal-Ricardian and Informal-HtM workers. In fact, the income recovery of
Informal-HtM workers is even more pronounced after the recession than in Panel (a).

One potential critique of Figure 6 is that the pandemic disproportionately affected sectors
with higher levels of informality. To address this, Figure 6 compares income changes across
various sectors during 2019-2020. Blue dots indicate sectors where informal workers experi-
enced greater income declines than formal workers, while red dots represent sectors where
formal workers were more adversely affected than informal workers!8.

The findings confirm that in most sectors, informal workers experienced more significant
income declines than formal workers. For instance, in sectors such as manufacturing and
construction, where both formal and informal workers suffered income losses, the decline
was more pronounced for informal workers. In agriculture, formal workers saw an increase
in income, while informal workers experienced a decrease. Interestingly, exceptions to this
trend were found in sectors like commerce and real estate, where formal workers were more
adversely affected, possibly due to sector-specific dynamics that insulated informal workers to
some extent.

2.5. Total Consumption and Income

Finally, it is important to assess whether the consumption and income generated by infor-
mal households are significant at the aggregate level. Some may argue that despite high la-
bor informality, informal consumption is not substantial enough to have macroeconomic con-
sequences. To address this critique, we use the ENAHO data to measure the composition of
consumption and income by household type. Figure 8 presents the results: from 2012 to 2022,
informal households accounted for 58.1% of total income and 58.5% of total consumption. In
other words, the microdata suggest that nearly 60% of the nation’s aggregate consumption and
income are generated by informal households. Additionally, mixed households—where mem-
bers hold both formal and informal jobs—contribute approximately 21% to total consumption
and income, leaving only about 20% attributable to formal households. These findings suggest
that informal households are not merely a marginal part of the economy but are central to its
overall dynamics, potentially playing a significant macroeconomic role.
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Figure 6: Normalized Average Income (2015-2022): base=2019

(a) Formal vs Informal (b) Formal-Ricardian vs Informal-HtM
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Note: The figure shows the average income of workers in urban areas during the 2019-2020 recession, with the
recession period highlighted in grey. The base year is 2019, meaning incomes are set equal in 2019 for comparison
purposes. In Panel (a), workers are divided into two main groups: formal and informal workers. In Panel (b), work-
ers are divided into two main groups: Formal-Ricardian and Informal-HtM workers. Source: ENAHO - updated
methodology.

3. Theoretical Framework

In the previous section, we used household-level data to gain insights into consumption pat-
terns and the informal labor market. Building on these findings, we introduce a theoretical
framework to explore how labor informality influences the transmission mechanism of mon-
etary policy. To this end, we develop two models: a simple toy model and a TANK (Two-Agent
New Keynesian) model. We chose the TANK model as our baseline, adhering to the princi-
ple that 'simpler is better, as it captures the key elements of our theory without unnecessary
complexity.

The rest of the section is organized as follows: First, in Section 3.1, we present the toy
model, which provides intuition about the primary mechanisms by which labor market dy-
namics affect monetary policy. This model assumes fixed prices, a closed economy, and no
government—deliberate simplifications designed to clarify the core mechanisms. Next, in Sec-
tion 3.2, we introduce the TANK model, which distinguishes between two types of households:
HtM and Ricardian, both of which participate in formal and informal labor markets. In this
framework, prices are determined endogenously, and the interest rate is set by monetary pol-

icy.

8We excluded individuals who switched jobs between industries during the period from 2019 to 2020.
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Figure 7: A Average Income by economic sectors (2019-2020)
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Note: The figure shows the change in the average income of workers during the 2019-2020 recession, categorized
by sector in urban areas. It excludes individuals who switched jobs between industries during this period. Panel
(a) presents the average income of two types of workers: formal and informal. Blue dots indicate sectors where
informal workers fared worse than formal workers, while red dots indicate sectors where formal workers fared
worse than informal workers. Panel (b) presents the average income of two types of workers: Formal-Ricardian
and Informal-HtM. Blue dots indicate sectors where Informal-HtM workers fared worse than Formal-Ricardian
workers, while red dots indicate sectors where Formal-Ricardian workers fared worse than Informal-HtM workers.
Source: ENAHO - updated methodology.

3.1. Toy model: simple multiplier/Keynesian cross

To simplify our model, we assume: (i) a closed economy, (ii) no government spending, (iii)
no investment, and (iv) fixed prices. Under these assumptions, aggregate demand is driven
solely by aggregate consumption. Since prices are fixed, the only variable to be determined is
total output. Let T represent the proportion of households working in the informal sector, and
1 — trepresent those in the formal sector. Therefore, total output Y must be equal to aggregate
consumption C, such that:

Y=xCl+(1-7)cFf (5)

where CF is formal consumption and C! is informal consumption. After some algebraic

manipulation!®, and rearranging terms, we derive the multiplier:

dy 1
== (6)

1 — [t0lyIMPC; + (1 — ©) 0FyFMPCR

Equation (6) illustrates the multiplier effect resulting from a shock to aggregate demand,
such as a monetary policy shock (de). This multiplier depends on several factors, including

the Marginal Propensity to Consume (MPC), defined as MPC; = g—g, j = {I, F}; the income

. e . 7 7 . .
elasticity of each sector relative to the overall economy, y/ = aa—g-% ; the sector’s relative size

Ysee Appendix D.1 for a detailed explanation of the derivation.

20



Figure 8: Consumption and Income (2012-2022)
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Note: Formal households (Formal HHs) are those where all members are formal workers. Informal households
(Informal HHs) are those where all members are informal workers. Mixed households (Mix HHs) have a combina-
tion of both formal and informal workers. Source: ENAHO - updated methodology.

compared to aggregate income, represented by 6/ = % ; and the proportion of households
employed in the informal sector, T € [0, 1].

Thus, assuming that both the proportion of households (t) and the size of the informal sec-
tor relative to aggregate output (0) remain stable, the key variables influencing the multiplier
are the marginal propensity to consume (MPC) and income elasticity (y). If the MPCis high but
the income elasticity is low, the multiplier may not increase. Therefore, to achieve a higher
multiplier, both MPC and elasticity must be high—conditions that are more likely to be met in
the informal sector, as discussed in Section 2. This intuition holds even if we consider multiple
types of households, rather than just two (see Appendix D.2). Additionally, from Equation (6),
we can see that if the Central Bank ignores the existence of informality, it may underestimate
the true multiplier of its policies.

That said, while this model simplifies the understanding of how the interaction between
MPC and income elasticity can increase the multiplier, it is not complex enough to capture the
dynamics of a monetary shock, such as intertemporal substitution, or to differentiate between
partial and general equilibrium. To address these limitations, we propose using a TANK model
that incorporates informality in the next subsection.

3.2. TANK model

In this subsection, we explore a TANK (Two-Agent New Keynesian) model. Figure 9 presents
a flowchart of the model, highlighting the primary components and their interactions within
the economy. In this simplified version of a closed economy, there is no government or capital.
The model includes five key agents: the central bank, which sets monetary policy; two types
of households—Ricardian households, which optimize intertemporally, and HtM households,
which consume their entire income; and two types of firms—wholesale firms and retail firms.
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Figure 9 also illustrates three types of markets: the formal labor market, the informal labor
market, and the goods market. The parameters k and x represent the shares of Ricardian
households and HtM households participating in the formal labor market, respectively. We
assume that A percent of households are HtM, while 1 — A percent are Ricardian.

The flowchart begins with the central bank’s monetary policy decisions. When the central
bank increases interest rates, it directly affects Ricardian households through the intertemporal
substitution channel, or partial equilibrium effect, as these households adjust their consumption
in response to the rate changes. This reduction in Ricardian households’ consumption impacts
retail firms, and in turn, wholesale firms, reducing their demand for both formal and infor-
mal labor. The contraction in the informal labor market particularly affects HtM households,
whose consumption is directly tied to their labor income. As labor income for these house-
holds declines, their consumption also falls, creating an indirect effect, or general equilibrium
effect, through the labor income channel.

The TANK model captures both the partial equilibrium effects, driven primarily by Ri-
cardian households’ responses to interest rates, and the general equilibrium effects, where
changes in labor income affect HtM households. In summary, Ricardian households are sen-
sitive to interest rate changes, while HtM households are mainly affected by changes in labor
income.

Figure 9: TANK model: Interactions between formal and informal labor markets

Monetary e o K |Formal labor
. Household
Policy 1 market

HtM
Household| 7
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Informal labor
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Wholesale
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Note: The flowchart illustrates the TANK model’s dynamics, emphasizing the effects of monetary policy on formal
and informal labor markets. It shows how changes in interest rates directly impact Ricardian households, reducing
demand in the goods market and lowering demand for both formal and informal labor. This contraction particu-
larly affects hand-to-mouth households, whose reduced labor income leads to declines in consumption, creating
broader economic effects. The parameters k and x represent the shares of Ricardian and hand-to-mouth house-
holds participating in the formal labor market, respectively, while A denotes the proportion of households that are
hand-to-mouth, with 1 — A representing Ricardian households.
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3.2.1. The model

Ricardian households. We assume the existence of a continuum of infinitely-lived Ricardian
households. These households derive utility solely from the amount of goods they consume
(Cf) and the number of hours they work (Nf). Specifically, we assume the representative Ri-
cardian household’s preferences are described by the following utility function:

@)

R — R 1+
Ulf max [EtZ[S C ) — (Nt)
CR.NR.B: 1) I1+¢

Here, the superscript “R” stands for Ricardian households, 3 € (0, 1) is the discount factor,
1P > Oisthe inverse of the intertemporal elasticity of substitution (or a parameter representing
constant relative risk aversion), and ¢ > 0 is the inverse of the (Frisch) labor supply elasticity.
Ricardian consumption is defined by a CES aggregate of varieties z € (0, 1), given by:

C§=[/O CR ()T dz]H ®)

where ¢ > 0 is the elasticity of substitution among differentiated goods. Since Ricardian
households have access to financial markets, allowing them to borrow and lend, they are sub-
ject to the following budget constraint:
By W wi

B q .
= —LeNR+ L1 - NR+ 2 (1 IR 9
P~ Db, + b, ( K) N + b, (1+1i) + 1Ty 9)

/Olc’m Py (2) dz +

where: B; represents nominal bonds held at time t; P; (2) is the price of the variety z; Wf and
and W denote nominal wages in formal and informal sectors, respectively; |<fo2 is the fraction
of labor allocated to the formal sector; (1 — k) NR is the fraction of labor allocated to the in-
formal sector; i; is the nominal interest rate; and T'R represents income from real profits. The
problem of the representative Ricardian household is to choose allocations { CR, NE, Bt}zo to
maximize the utility function (7) subject to the budget constraint (9), given a sequence of prices,
profits, and bonds. From this optimization problem, we derive the following first-order condi-
tions (FOCs):

WR R\ 7 2\ @
) "
_ CR - Py :
1= pE; (Cf) (PH—I (1+ lt)) (11)
we _ (W Wi
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Equation (10) represents the optimal labor supply, while equation (11) is the Euler equation.
Notice that equation (12) shows that the Ricardian real wage can be represented as a combi-

A
nation of the formal real wage, (g’f), and the informal real wage, <Vg;)’ weighted by k. To

obtain the optimal demand for variety z, we minimize the expenditure fol CR (2) Pt (2) dz sub-
ject to the CES aggregation technology (8). The resulting demand for variety z is:

CR () = [P"‘ ﬂ e (13)

where Py = [fol P;(2)' "¢ dz| ' 7° is the price index.

Hand-to-Mouth (HtM) households. Similar to the case of Ricardian households, we assume the
existence of a continuum of infinitely-lived hand-to-mouth (HtM) households??. These HtM
households derive utility solely from the amount of goods they consume (C}) and the num-
ber of hours they work (N). Specifically, we assume that the representative HtM household’s
preferences are described by the following utility function:

o0 H\1—¥ H\ 1Y
H_ (G (N
U m?lx[Etgﬁ = 11y (14)

Here, the superscript “H” stands for HtM households, 3 € (0, 1) is the discount factor, { >
0 is the inverse of the intertemporal elasticity of substitution (or a parameter representing
constant relative risk aversion), and y > 0 is the inverse of the (Frisch) labor supply elasticity.

HtM consumption is defined by a CES aggregate of varieties z € (0, 1), given by:

1 1 e—1
cH — [ /0 CH (2) dz] (15)

where ¢ > 0 is the elasticity of substitution among differentiated goods. Since HtM house-

holdslack access to financial markets, holding neither assets nor liabilities, their consumption
depends entirely on their current labor income:

1 /) /|l

|l e (2) o = i+ ST (1 =) N (16)

where P;(2) is the price of the variety z; W and and Wi denote nominal wages in formal

and informal sectors, respectively; XN{{ is the fraction of labor allocated to the formal sec-

tor; (1 — x) NI is the fraction of labor allocated to the informal sector. Given that HtM house-

holds cannot borrow or save, the only variable they can choose is the number of hours sup-

plied. Therefore, the problem of the representative HtM household is to choose allocations

20The literature refers to these households using various terms, such as rule-of-thumb or non-Ricardian house-
holds, and they are often labeled as non-asset holders in studies on limited asset market participation (e.g.,Bilbiie,
2008; Gali et al., 2004).
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{N{{ }zo to maximize the utility function (14), subject to the budget constraint (16) and given
a sequence of prices. From this optimization problem, we derive the following first-order con-
ditions (FOCs):

wH N\ o\ Y
7 = (c)” () @)
WH
cH = —tNH (18)
Py
wH Wi wi
—L x| =t 1—x) =t 19
b, x(Pt + ( x)Pt (19)

Equation (17) represents the optimal labor supply, while equation (18) shows the total HtM
consumption, illustrating that their consumption is directly tied to their labor earnings, as
they cannot access financial markets. Similarly to the case of Ricardian households, equation
(19) shows that the HtM real wage can be represented as a combination of the formal real

wage (%) and the informal real wage <¥E> , weighted by x. To derive the optimal demand

for variety 2z, we minimize the expenditure fol CH (2) Pt (z) dz subject to the CES aggregation
technology (15). The resulting demand for variety z is:

(= [22] "o 20)

Wholesale Firms. In this model, a continuum of wholesale firms indexed by j € (0, 1) oper-
ates in a competitive market, with each firm acting as a price taker. The production function
employed by these firms exhibits returns to scale « > 0 and is solely dependent on the total
number of hours worked, N;. For the sake of simplification, we assume that formal and in-
formal hours are perfect substitutes in the production function. Intuitively, the firm hires two
types of workers under different contracts. The first, known as a formal contract, includes var-
ious rigidities, such as hiring and firing costs. The second, labeled informal, is more flexible,
allowing either the firm or the worker to terminate the agreement at any time without penalty.
This approach aligns with the insider-outsider theory of the labor market, which highlights
the differences in protections and rigidities between insider (formal) and outsider (informal)
workers. Although formal and informal workers often differ in their education and skill lev-
els, we assume perfect substitutability between the two types of labor for simplicity. The firm’s
profit is represented as:

W F 1 F(: 2
o () = S () - GENF () - BENEG) - (NZ;_I“()].) - 1) o
Y () = AN () @)
Ni (j) = N7 () + Nt () (23)
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where Y}V (j) represents the wholesale output of firm j, and P}" is the price of intermediate
goods. Since the firm operates under perfect competition, PV (j) = P{'. A; denotes produc-
tivity, and I'}" (j) represents the real profits from the normal operations of the wholesale firm
j. Equation (21) suggests that the firm hires both formal and informal workers, meaning it
must pay wages that depend on the equilibrium in these labor markets. However, there is a
key difference: informal contracts do not impose any penalties for dissolution, while formal
contracts do. As seen in equation (21), having a formal contract introduces a quadratic adjust-
ment cost. This means that any changes in the demand for formal jobs from one period to the
next—whether for hiring or firing—generate additional costs that reduce profits. We assume
that these costs are not absorbed by any party, and thus, they represent wasted resources. The
importance of this quadratic cost in the profit function is determined by the parameter oz > 0.
We refer to o > 0 as the firing cost parameter because it dictates how much deviations in formal
employment will affect the firm’s profits. On the other hand, equation (22) presents a standard
Cobb-Douglas production function. Finally, equation (23) shows the condition of perfect sub-
stitutability between formal and informal labor, which was explained earlier. Under these

conditions, the wholesale firm maximizes the following profit function:

JV(G)= max {EY Qe () (24)
' NF()NLG) kz_% bR K

where Q; ;¢ = [SkMNLI]{j; k£ is the stochastic discount factor, and MU, is the marginal utility

of consumption at period t + k. By maximizing (24) subject to the constraints in equations
(21)-(23), we derive the following first-order conditions (FOCs):

oYW Wl
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where ¢+ = % isthe marginal cost. Equation (25) defines the demand for informal employ-
ment, while equation (26) defines the demand for formal employment. Notice that equation
(26) includes an additional component, the marginal firing cost for formal jobs (6F), which
does not appear in (25). This extra term arises from the quadratic adjustment cost of formal
labor in equation (27). Finally, as seen in equations (25)-(27), we have eliminated the index j,
as all wholesale firms face identical conditions, leading to identical FOCs.

Retails firms. Retail firms purchase intermediate goods from wholesale firms and transform
them into differentiated goods for final consumption using the technology Y; (2) = Y/ (2). In
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the goods market, supply must equal demand, so Y; (2) = Ct(2) = ACH (2) + (1 — A) CR (2)%L.
Therefore, retail firms face a negatively sloped demand curve for their products, which can be
expressed as:

bt (Z):| o Y; (28)

i) = |7

From equation (28), we deduce that these firms operate in a monopolistic competition en-

vironment, giving retail firms the power to set prices. However, we assume that retail firms

face a Calvo pricing mechanism. In other words, in each period, retail firms have an exoge-

nous probability of changing their prices at period ¢, denoted by 1 — 0. Therefore, the real
profit of retail firms is given by T' (z).

[0.9]
Py (2)
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Y, zZ (29)
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The problem for the retail firm is to find the optimal price P (z) that maximizes (29), subject
to the demand constraint in (28). After solving the problem and following the approach of
Benigno and Woodford (2005), the first-order conditions (FOCs) can be written using auxiliary
variables Ay and Q4

1 € 1—¢ At 1—¢
_ e— _ At
1=0(1+m)"  +(1 e)<£_1> (m) (30)
Pryp\©
At = ¢Vt + OF; [(;;) Qt+1,tA 111 @31)
AN
Qp = Yy + OF; <Pt> Qt+1,tQt+1] (32)

where II; = Pi - is the inflation rate. Equations (30)-(32) represent the recursive form of

the Phillips curve.

Central Bank. The central bank follows a Taylor rule for setting the nominal interest rate. In
this paper, we use a generic and simplified Taylor rule, which takes the following form:

1—|—it Ht br Yt by
- = = —= 33
iy () -

where i, II, and Y represent the steady-state of the nominal interest rate, inflation, and output,

respectively. The parameters ¢ > 0 and ¢, > 0 determine the central bank’s response to
deviations in inflation and output, respectively. Finally, ¢; is a monetary policy shock, which
we assume follows an AR(1) process e; = pes + &, &t ~ N (0, 02).

Clearing market. The market clearing conditions imply that aggregate labor is a weighted sum
of hours worked by HtM households and Ricardian households, which also holds true for ag-

Zlgee annex E.1 for proof.
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gregate consumption. Specifically, these conditions are represented as:
Ny =ANE 4 (1 - \)NR (34)

Cr=ACH +(1-2)CR (35)

where A represents the weight factor. Furthermore, we can show that the aggregate output is:

2
F
O'F Nt
Yy =Cr+ — -1 36
t t+2<Nfl ) (36)

Equation (36) illustrates that the quadratic cost term reflects a resource waste, as op > 0.
One possible interpretation is that society, comprising both Ricardian and HtM households,
collectively agrees to consume less to finance the cyclical labor insurance provided by formal
contracts. Next, we define the market clearing conditions for both formal and informal la-
bor markets. The total formal labor supply is the weight sum of the hours supplied by HtM
households (?\xN{{) and Ricardian households ((1 — A) KNf). Similarly, the total informal sup-
ply follows the same structure. Thus, the market clearing conditions are given by:

NE = ANE 4 (1 —A) kNR (37)
Ni=A(1=x) N+ (1=2) (1 - ) N} (38)
Ny =N+ NE (39)

These equations (37)-(39) ensure that the total labor supply is the sum of formal and informal
hours worked by both HtM and Ricardian households. Finally, we assume that in the aggregate,
B =0.

General equilibrium A general equilibrium in a competitive economy, given the initial as-
set positions B;_1 and a specified monetary policy rule (33), consists of a sequence of allocations

(0. 9] o
{Yt, Ct, CR, ¢l Ny, NR NH NE| N{} and prices {q>t, wR Wil wE wi it} such that the fol-

t=0 t=0

lowing conditions are satisfied:

* Ricardian household problem: Given prices, the allocation solves the Ricardian household’s opti-
mization problem, maximizing utility as described in equation (7), subject to the budget constraint
in equation (9).

+ Hand-to-Mouth (HtM) household problem: The allocation also solves the Hand-to-Mouth house-
hold’s utility maximization problem, as specified in equation (14), subject to the income constraint
in equation (16).

* Retail firms’ problem: Retail firms maximize profits by solving the optimization problem described
in equation (29), subject to the production constraint in equation (28).

+ Wholesale firms’ problem: Wholesale firms maximize profits according to equation (21).
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* Market clearing conditions: The equilibrium allocations ensure that markets clear at each time t,
as described by the conditions in equations (34) to (39), ensuring a balance between supply and
demand in goods, labor, and financial markets.

4. Analysis of Equilibrium Dynamics

In this section, we discussed the approach for solving the TANK model. The first step involves
log-linearizing?? the model around its steady-state (for the full system of log-linear equations,
see the Appendix E.3 and E.5). The next step is to express the model more compactly. By
combining all the log-linear equations, we derive a system of stochastic difference equations,
which can be reduced as follows:

X =" E; [Xt—|—1] + Wpdit (40)

. ro. .
where X; = ( Vi Ct, Tty 1ty Ot cf, c{i, nt, nf, n‘tq, nf s n{, wf, w%q, wf B w{) , with lowercase vari-

ables representing log-linearized values and uppercase denoting levels. Note that all the equa-
tions in (40) are expressed as log deviations from their steady-state values. Additionally, ¥y =
[e¢] is a vector of shocks, and the matrices ¥; and ¥ depend on the structural parameters of
the model.

From equation (40), it is possible to extract the Euler equation of our model, which is sum-
marized in Table 5. This table highlights how both the standard TANK model, as described
by Bilbiie (2008), and the standard RANK model are particular cases of this TANK model with
informality. However, due to the complexity of equation (40), a closed-form solution is not
feasible. Therefore, we proceed with a quantitative approach, calibrating the model by assign-
ing numerical values to the structural parameters. Section 4.1 details the baseline calibration
process, while Section 4.2 presents the impulse-response functions (IRFs) of the model in re-
sponse to an anticipated monetary shock. Finally, we evaluate the basic IRFs to analyze the
model under different scenarios.

4.1. Baseline Calibration

Standard parameters. The baseline calibration of the TANK model is carried out using quar-
terly frequency data. The discount factor, (), is set at 0.99, corresponding to a real interest
rate of approximately 1 percent in the steady state, in line with Cantore and Freund, 2021; Gali
et al., 2004; Castillo et al., 2009; and, Castillo and Montoro, 2012. We assume that the discount
factor parameter is equal to both Ricardian and HtM households. For the fraction of firms that
do not adjust their prices, (0), a baseline value of 0.75 is chosen, reflecting previous estimates
for both international and Peruvian contexts (Gali et al., 2004, 2007; Castillo et al., 2009)%3. The

2210g-linearization transforms a variable X; into its log-linear form as x; = log X; — log X, where X represents its
steady-state value.

2 Although Castillo et al. (2013), using Bayesian estimation in a DSGE model, suggest a lower value of (6 = 0.52)
for the Peruvian economy, implying that firms change prices approximately every two quarters.
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Table 5: The model: RANK vs TANK

Model Assumption Euler Equation

TANK model ct = Eecrp1 — % (it — E¢megn) + A (C? - [Etcg.l)

with A>0&T[]#£0

informality (%) (C? - Etc{il) =X (Wf - [EthJrl) +(1=x) (W£ - [EtW£+1)
T[] =wi—wf

Standard A>0&T] =0

TANK model ' ct = Etcpp1 — (%) (11_7}\);2) (it — E¢7tey1)

Standard 1

RANK model A=0&7T[]=0 ct = Ercpp1 — T (it — E¢7tey1)

Note: This table summarizes the Euler equations under specific assumptions. For a detailed derivation of the Euler
equation, see Annex E.6.

Taylor rule coefficients are set to (¢ = 1.5) and (¢ = 0.5), consistent with empirical findings

in the literature (Castillo et al., 2009; Cantore and Freund, 2021)?*. The parameters for the

monetary policy shock are set at p = 0.5 and o, = 0.03, following Castillo et al. (2009); these

values are commonly used in the literature. On the firm side, we assume that the share of labor

in the production function is equal to one (x = 1), consistent with the linear production func-

tion used in Castillo and Montoro (2012). Furthermore, the elasticity of substitution among

differentiated goods is set at ¢ = 6, reflecting a steady-state price markup of 15%. This choice
is based on the findings of Gali et al. (2004), Gali et al. (2007), Castillo et al. (2009), and Cantore
and Freund (2021) (See table 6).

Table 6: Standard Parameters

Parameter Interpretation
Phillips Curve Parameters
B 0.99 | Discounting factor
0 0.75 | % of firms who do not update prices

Monetary Policy Parameters

br 1.5 Inflation coefficient in interest rate rule
by 0.5 Output coefficient in interest rate rule
P 0.5 Persistence of shock of MP
Firms
o 1 Parameter in production function
€ 6 Elasticity of substitution among

differentiated goods

Note: This table presents the parameters used in the TANK model. sources.

24Although Castillo et al. (2013) propose a lower value for (¢ = 0.1)

30



Labor market. Regarding the labor markets, we set the inverse of the Frisch elasticity, y and
@, equal to 2, reflecting an inelastic labor supply. This value is within the range of estimates
found in the literature that use microdata to estimate the Frisch elasticity?®. It is also close
to some Bayesian estimations, such as Castillo et al. (2013), who estimated an inverse Frisch
elasticity of approximately 2.15 for the Peruvian economy. However, other studies have pre-
ferred to use a lower value for the inverse Frisch elasticity to satisfy the Blanchard and Kahn
conditions, which establish local conditions for the existence and uniqueness of a solution in
a DSGE model?®. Also, in this study, we assume that the inverse of the Frisch elasticity is equal
for both Ricardian and HtM households. This assumption is made for two reasons. First, it
clarifies the results by ensuring that any differences between Ricardian and HtM households
arise from differences in the marginal propensity to consume (MPC) and labor rigidity, rather
than from differences in Frisch elasticities. Second, there are no empirical studies that esti-
mate the Frisch elasticity separately for Ricardian and HtM households. The closest available
estimates come from Céspedes and Renddn (2012), who found an elasticity of 0.39 (2.56 for its
inverse) for formal workers and 0.37 (2.7 for its inverse) for informal workers. However, the
difference between these elasticities does not appear to be substantial. Therefore, we consider
our assumption thaty and ¢ are equal to be reasonable (see Table 7).

Formal and informal households. The estimation of the percentage of households that are HtM
(M), the percentage of HtM households with a formal job (x), and the percentage of Ricardian
households with a formal job (k) were obtained from the ENAHO. In contrast, the fire cost pa-
rameter (op) was estimated by minimizing the distance between the model’s theoretical mo-
ments and the empirical moments of the data. Specifically, we minimized the relative standard
deviation of total hours worked in formal versus informal jobs, and the relative standard devi-
ation of formal versus informal hourly wages. For this estimation, we utilized data from the
Permanent Employment Survey (EPE), which is collected for the Metropolitan Region of Lima,
Peru. Although this survey is not nationally representative and lacks a longitudinal (panel)
structure, it has the advantage of providing monthly data on income and employment since
January 2002. We used these data to calculate the average monthly income and total hours
worked for formal and informal workers?’. After calculating these averages, we adjusted for
seasonality, as both monthly wages and total hours exhibited strong seasonal patterns. We
then converted the monthly data to quarterly data to align with the model’s requirements. Next,
we applied the one-sided HP filter (Stock and Watson, 1999) to decompose the data into trend

BFor example, Céspedes and Rendén (2012), using data from the Permanent Employment Survey (EPE) in the
Metropolitan Lima region, estimated a Frisch elasticity of 0.38 (an inverse elasticity of 2.6). They also found an
elasticity of 0.39 (2.56) for formal workers and 0.37 (2.7) for informal workers. Similarly, Reyna and Céspedes (2016),
using the National Household Survey (ENAHO), estimated a Frisch elasticity of around 0.26 (3.8 for its inverse), with
potentially higher elasticity for lower-income workers, reaching up to 0.42 (2.38 for its inverse).

26For example, Gali et al. (2004) used a value of 1; Cantore and Freund (2021) used a value of 0.05; and Gali et al.
(2007) used a value of 0.2.

Z'We defined informality based on whether a worker had health insurance, as all workers in Peru are legally
required to contribute to the public health system. A lack of contribution thus strongly indicates that a worker
does not have a formal labor contract. Using this definition, we calculated the average hours worked and hourly
wages for formal and informal workers from 2002 to 2019. However, in 2020, due to the pandemic, the government
changed the rules, which made this definition of informality less reliable for subsequent periods.
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and cyclical components, choosing the one-sided filter because it aligns with the backward-
looking solution of a DSGE model. After filtering, we extracted the cyclical components and
estimated the standard deviations for each series: formal hours (onF), informal hours (o),
formal wages ( owp), and informal wages ( o). We then calculated the relative standard de-
viations: informal hours over formal hours (ox7/0nF) and informal wages over formal wages
(owr/owr), which were 1.06 and 3.73, respectively. These findings indicate that informal em-
ployment is slightly more volatile than formal employment, while informal wages are signifi-
cantly more volatile than formal wages. Using this data, we calibrated our TANK model to find
theoretical moments for ong, on1, OWwr, and owy. The goal was to find the optimal value of of
that minimizes the distance between the theoretical moments of our model and the observed
data. After running hundreds of simulations, we found that a value of or = 0.25 achieved this
objective.

Finally, regarding the calibration of the risk aversion parameter 1 (the inverse of the in-
tertemporal elasticity of substitution in a CRRA utility function), we encountered some stabil-
ity issues. Higher values of 1 led to dynamic instability when the proportion of HtM house-
holds (A) was sufficiently high?8. To address this problem, we conducted a determinacy anal-
ysis to identify combinations of A and 1 that satisfy the Blanchard and Kahn conditions. The
results, presented in Annex G.2, include graphs showing these combinations. We first exam-
ined the case where the fire cost parameter ( op ) is set to 0 and then considered o = 0.25.
The graphs indicate that, when A = 0.6, the maximum value of 1 that satisfies the Blanchard
and Kahn conditions ranges between 0.1 and 0.15. We found that the inclusion or exclusion of
the parameter o has little impact on the required value of ?°. Therefore, we chose a risk
aversion parameter of 0.1 for this study. In the next section, we show that our results are not
sensitive to variations in this parameter. Table 7 summarizes the complete set of estimated
parameters used for calibration.

4.2. Monetary shock in a simple TANK model with informality
4.2.1. Effects of Interest Rate Increases on Formal and Informal Sectors

In this section, we show the impulse response functions (IRFs) to an unanticipated monetary
shock in the TANK model with informality. The monetary shock is represented by a 100 basis

ZThe issues of stability and uniqueness in a TANK model were first examined by Gali et al. (2004) and Gali et al.
(2007). They found that the dynamic stability of the TANK model is heavily influenced by the proportion of HtM
households. As the proportion of HtM households increases, the model requires a stronger response to inflation
in the Taylor-rule type equation to achieve uniqueness and stability, compared to the standard Taylor Principle;
alternatively, it might require a more passive response to inflation (Bilbiie, 2008). Later, Ascari et al. (2011) and
Colciago (2011) demonstrated that incorporating sticky wages into the model can restore the traditional Taylor
Principle for achieving uniqueness and stability. However, Motta and Tirelli (2010) showed that this problem re-
emerges even with sticky wages if habit persistence is assumed.

29To demonstrate the robustness of our results, we provide impulse response functions (IRFs) under the condi-
tion that{ = 1 (see Annex G.2). Given the stability issues discussed in Section 4.1, we set A = 0.3 for this case. The
results do not change significantly.

32



Table 7: Estimated Parameters

Parameter Interpretation Source
Households

Y 2 Inverse of Frisch elasticity (HtM HHs) Castillo et al. (2013)

® 2 Inverse of Frisch elasticity (Ricardian HHs) Castillo et al. (2013)

A 0.60 | % of HtM households Own estimation

X 0.06 | % of HtM who work in formal sector Own estimation

K 0.54 % of Ricardian who work in formal sector Own estimation
oF 0.25 | Firing cost parameter Own estimation

VP 0.10 | Relative risk aversion Determinacy condition

Note: This table presents the parameters used in the TANK model, along with their respective sources.

point increase in nominal interest rates3?. The results can be seen in Figure 10, which shows
the response of various variables, including aggregate output, inflation, the consumption of
HtM households, wages for both formal and informal jobs, total hours worked in formal and
informal jobs, and total income for both formal and informal jobs. Also, since all variables are
measured in log deviations from their steady state, and the change in interest rate is defined
in percentage points (p.p), the y-axis in Figure 10 also reflects changes in percentage points.

Qualitative impact .  First, let’s examine the dynamics of the variables. To understand these
IRFs, illustrated in Figure 10, we can consider the following logic. Consistent with other stud-
ies, we propose that the central bank’s influence on the economy operates through two main
effects: a direct effect via interest rates and an indirect effect via changes in aggregate income®!.
The direct effect, often called the partial equilibrium effect, involves the intertemporal substitu-
tion channel, a key component in New Keynesian models. This channel suggests that an in-
crease in interest rates incentivizes Ricardian households to save more — that is, to smooth
their consumption over time — thereby reducing current consumption.

The indirect effect, or general equilibrium effect, arises because HtM households, who do not
hold assets, are not directly affected by changes in interest rates; hence, the partial equilibrium
effect on them is zero. Instead, their consumption is indirectly influenced by shifts in aggre-
gate demand. The logic is as follows: when Ricardian households reduce their consumption,
aggregate demand falls, prompting firms to lower their demand for labor. In our model, a rep-
resentative firm employs both formal and informal labor, causing the demand for both types
of labor to decline. However, due to the rigidity of formal jobs—reflected in the firing cost
parameter—informal jobs are more severely impacted. Intuitively, formal jobs benefit from
greater stability, particularly during economic downturns, providing them with a form of cycli-
cal insurance. As a result, firms are more inclined to cut informal employment, as shown in
Figure 10. Consequently, HtM households, who primarily rely on informal jobs, experience

30Given that we are modeling a quarterly interest rate, an annual change of 100 basis points is equivalent to a 25
basis point change per quarter.

31Although the concepts of partial and general equilibrium effects have been extensively discussed in the liter-
ature (see, for example, the work on HANK models), our model is unique in its incorporation of informality to
analyze the transmission mechanism of monetary policy.
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a sharper decline in income than Ricardian households, resulting in a more pronounced de-
crease in their consumption. This further reduction in consumption amplifies the decrease in

aggregate output and inflation.

Figure 10: Monetary shock: unexpected rise on interest rate

Aggregate Output 0 Inflation 0 HtM Consumption
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Note: The total income for each job type is simply the summation of the respective wage and hours worked. Thus,
we define formal income as w! + nf and informal income as w! + nl.

Quantitative impact . Let us focus on the quantitative impact of an interest rate change on var-
ious economic variables. The model predicts that a 1-percentage-point increase in the interest
rate leads to a decrease in aggregate output by 0.34 percentage points and an decrease in infla-
tion by 0.13 percentage points, as shown in Table 8. These estimates align with several empir-
ical studies of the Peruvian economy. For instance, Pérez Rojo and Rodriguez (2024) estimate
that a 1-percentage-point increase in the nominal interest rate results in a maximum decline
of 0.28 percentage points in output and 0.10 percentage points in inflation. Similarly, Portilla
et al. (2022) find a maximum decrease of 0.55 percentage points in output and 0.12 percentage
points in inflation, while Alvarado Silva et al. (2024) report a maximum output decline of 0.30
percentage points and an inflation decrease of 0.15 percentage points. Pérez Forero (2015) also
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identifies a maximum decline of 0.15 percentage points in output and 0.10 percentage points in
inflation (see Table 9). Moreover, Table 8 indicates that informal wages are more volatile than

formal wages, reflecting a sharper response to interest rate changes.

Table 8: An unexpected increase on interest rate on selected variables

Variable Impact Q1 Variable Impact Q1
Aggregate output Vi -0.34 p.p | Formal wage wf -0.28 p.p
Inflation U -013 p.p | Informalwage w! -0.87 p.p
HtM consumption cH -1.19 p.p | Formalhours nf -032 pp
HtM income wH +nfl 119 pp | Informalhours nl -0.34 p.p

Note: We use the impact of an unexpected increase of 0.25 p.p on interest rate on the first quarter of the selected
variables.

Table 9: A1 p.p. increase in the interest rate: Empirical effects vs. TANK model effects

Source Output | Inflation
Pérez Rojo and Rodriguez (2024) -0.28 -0.10
Portilla et al. (2022) -0.55 -0.12
Alvarado Silva et al. (2024) -0.30 -0.15
Pérez Forero (2015) -0.15 -0.10
Average empirical -0.32 -0.12
TANK with informality -0.34 -0.13

Note: We analyze the impact of an unexpected 0.25 percentage point (p.p.) increase in the interest rate during
the first quarter. All variables are measured in quarters and percentage points. This table compares the average
maximum decline in output and inflation resulting from a 1 p.p. increase in the interest rate. In doing so, we com-
pare the empirical results of monetary policy shocks using Peruvian data with the outcomes of our TANK model,
as described in Figure 10.

However, an important question arises: given that our model assumes formal labor faces cer-
tain rigidities, why do formal jobs change so little while wages react so significantly? In other
words, if firms incur costs when hiring or firing formal workers, we would expect informal em-
ployment to be significantly more volatile than formal employment. Yet, the model suggests
that informal wages are the variable that reacts the most (see Table 9). To explain this, we offer
a simple rationale: HtM households, which cannot access credit to smooth their consumption,
can still mitigate a larger decline in consumption by adjusting their labor supply. Therefore,
when the demand for informal jobs declines more sharply than the demand for formal jobs,
HtM households respond by increasing their labor supply more than Ricardian households.
The combination of a larger reduction in labor demand and a greater shift in labor supply for
HtM households explains why, in equilibrium, informal employment varies almost as much
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as formal employment, but informal wages are much more volatile than formal wages. This
idea is illustrated in Figure 11, which shows similar shifts in both the formal and informal la-
bor markets. As seen in Figure 11, wage changes are more pronounced for informal than for
formal households.

Figure 11: Income effect on labor supply

(a) Formal labor market (Ricardian) (b) Informal labor market (HtM)

s/
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Note: In the figure, w represents the wage per hour, and n represents the number of hours worked. Point A shows
the initial equilibrium before the monetary shock, while point B reflects the new equilibrium after both direct
and indirect impacts. The gray area represents the total income loss in the new equilibrium. The arrows indicate
the direction of shifts in labor demand and supply. The graph shows that the reduction in labor demand is more
pronounced for informal jobs than for formal jobs. It also demonstrates that if the increase in labor supply is more
significant for informal jobs, then at the new equilibrium (point B), the change in employment (in hours) is roughly
equal between formal and informal jobs. Also, wages would decline more sharply for informal jobs, emphasizing
that informal wages are more volatile than formal wages.

4.2.2. Decomposition of the Transmission Channels in the Peruvian Labor Market

Output and inflation. In this subsection, we examine the model from section 4.2.1 to disentan-
gle the contributions of informality and HtM households to the impulse response functions
(IRFs). We use the same parameters as in Section 4.2.1 but modify the composition of HtM
households (M), formal HtM households (x), and formal Ricardian households (k) (see parame-
ter details in the annex: Tables A1l and A12). Figure 12 illustrates the IRFs in response to an un-
expected increase in the nominal interest rate using a CRRA (Constant Relative Risk Aversion)
utility function. On the other hand, Figure 14a illustrates the IRFs using a GHH (Greenwood-
Hercowitz-Huffman) utility function. Each case focuses on aggregate output and inflation,
while Figure 14 extends the analysis to the labor market, covering formal and informal wages
and hours worked.

As shown in Figures 12, 14a, and 14, there are four lines with different colors, each repre-
senting a different model. The blue dashed line represents the RANK (Representative Agent
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New Keynesian) model, which assumes there are no HtM households (A = 0) and that Ricar-
dian households are equally distributed between formal (k = 0.5) and informal jobs (x = 0.5).
This RANK model serves as the baseline. The other three lines represent different TANK (Two-
Agent New Keynesian) models. The first TANK model, represented by the red line, assumes
that 60% of households are HtM (A = 0.6), with both Ricardian and HtM households equally
split between formal (x = 0.5,x = 0.5) and informal jobs. This means that 50% of Ricardian
households are in formal jobs, and similarly, 50% of HtM households are in formal jobs. The
second TANK model, shown by the green line, also assumes that 60% of households are HtM
(A = 0.6), but allocates most Ricardian households to informal jobs (k = 0.1) and most HtM
households to formal jobs (x = 0.9). This allocation implies that 10% of Ricardian households
are in formal jobs, while 90% of HtM households are in formal jobs. Although this distribu-
tion is the opposite of what is observed in the data, it serves a useful purpose for comparison.
The third TANK model, represented by the black line, maintains the same proportion of HtM
households (A = 0.6) but assumes that most Ricardian households have formal jobs (k = 0.9),
while most HtM households are in informal jobs (x = 0.1). This means that 90% of Ricardian
households are in formal jobs, while only 10% of HtM households are in formal jobs.

To understand the impact of monetary policy on different household types, we begin by
analyzing the Constant Relative Risk Aversion (CRRA) utility function presented in Figure 12.
We first examine the RANK model, represented by the blue line, which primarily captures the
direct or partial equilibrium effects of monetary policy through the intertemporal substitution
channel. In the RANK model, all households are assumed to be Ricardian, with half employed
in the formal sector and the other half in the informal sector. Under this baseline scenario, an
increase in the interest rate leads to a decrease in aggregate output and inflation.

The key point is how the transmission of monetary policy changes when there is a signifi-
cant proportion of HtM households. For example, if 60% of households are HtM, as observed
in the Peruvian case, how does this affect the central bank’s transmission mechanism? To ex-
plore this, we compare the RANK model with a version where the only differing parameter
is the proportion of HtM households, while the distribution of households across formal and
informal sectors remains the same. This comparison is between the RANK model (blue line)
and the TANK (1) model, represented by the red line. The TANK (1) model demonstrates that
the presence of HtM households strengthens the transmission of monetary policy. The gap be-
tween the blue and red lines indicates that a larger share of HtM households makes monetary
policy more effective, all else being equal. This difference reflects the general equilibrium, or
indirect, effect of monetary policy (see Figure 12a).

Having captured the traditional two channels of monetary policy transmission, the direct
and indirect effects, we now examine how the interaction between HtM households and infor-
mality may alter the transmission mechanism. Using TANK (1) as the new baseline, we ask:
Given that 60% of households are HtM, how does a change in the distribution of household
types across formal and informal labor markets affect monetary policy transmission? To ex-
plore this, we create two additional models: TANK (2) and TANK (3). The difference between

these models lies in their bias toward one of the labor markets. TANK (2) reflects a scenario
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where most HtM households are formal workers, while TANK (3) represents a case where most

HtM households are informal workers.

Figure 12: Unexpected rise on interest rate (CRRA utility function): output and inflation

(a) First Quarter Response (b) Impulse-Response
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Note: The graphs show the dynamics of total output and inflation over four quarters under different economic mod-
els (RANK and three variants of TANK) and CRRA utility function. The RANK (Representative Agent New Keynesian
model), represented by the blue dashed line, assumes no HtM households (A = 0) and an equal split of Ricardian
households between formal (x = 0.5) and informal jobs (x = 0.5). The TANK (Two-Agent New Keynesian) models
include three variants, each with different allocations: TANK (1), shown by the red line, assumes that HtM house-
holds make up 60% (A = 0.6) of the total, with both Ricardian and HtM households equally split between formal
(k = 0.5,x = 0.5) and informal jobs (1 — k = 0.5,1 — x = 0.5). TANK (2), depicted by the green line, also assumes
that HtM households constitute 60% (A = 0.6) of the total, but with most Ricardian households in informal jobs
(k = 0.1) and most HtM households in formal jobs (x = 0.9). TANK (3), represented by the black line, maintains the
same proportion of HtM households (A = 0.6) but assumes most Ricardian households have formal jobs (x = 0.9)
while most HtM households have informal jobs (x = 0.1).

We first compare TANK (1) with TANK (2) to examine how a reduction in the interaction
between informality and HtM households affects monetary policy transmission. As shown in
Figure 12a, the impact of monetary policy is weaker in TANK (2) compared to TANK (1), pri-
marily because a smaller proportion of HtM households are employed in the informal sector,
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reducing the overall general equilibrium effect. Next, we examine what happens when we in-
crease the interaction between informality and HtM households, as observed in Peruvian data,
by comparing TANK (1) with TANK (3). This scenario results in a greater initial impact on both
aggregate output and inflation, as seen by the difference between the red (TANK (1)) and black
(TANK (3)) lines. Therefore, the interaction between HtM households and informal employ-
ment enhances the transmission power of monetary policy (see Figure 12a). Specifically, our
model predicts an increase in monetary policy effectiveness by approximately 4 percentage
points compared to TANK (1), and nearly 8 percentage points stronger than the RANK model.
While the effect on inflation is somewhat weaker than on output, the interpretation remains
the same. Overall, the distribution of HtM households amplifies the transmission of monetary
policy.

Let us now focus on Figure 14a, which uses the GHH (Greenwood, Hercowitz, and Huffman)
utility function—a distinctive utility specification that eliminates the income effect on labor
supply. In other words, under GHH preferences, the labor supply does not shift when wages
decrease. In figure 14a, we apply the same parameters as in Figure 12 (see Table A12 for details)
but use the GHH utility function instead of the CRRA utility function. The blue, green, red, and
black lines retain the same meaning as in figure 12. As shown, a similar pattern emerges: the
interaction between informality and HtM households amplifies the effects of monetary policy
on both aggregate output and inflation. But why does the GHH utility function exhibit a slightly
larger effect on output? Since GHH preferences eliminate the income effect on labor supply,
informal employment becomes more volatile, leading to a stronger output reaction to shocks.

Labor Market. Another important point is how the labor market behaves under the same con-
ditions as in Figure 12. Figure 14 examines both informal and formal labor markets, with the
line colors maintaining the same meanings as in Figure 12. Focusing on Panel (a) of Figure 14,
we observe that informal wages are more volatile than formal wages, which is consistent with
the data. Meanwhile, informal hours are only slightly more volatile than formal hours. This
raises the question: why are informal hours only marginally more volatile than formal hours,
given that adjustment costs apply exclusively to formal jobs? Theoretically, we would expect
greater volatility in informal hours. The reason, as shown in Figure 11, is a rightward shift in
the labor supply curve, which dampens the volatility of employment.

Thus, when using the GHH utility function instead of the standard CRRA function, we find
two key outcomes: first, the volatility of both formal and informal wages remains relatively
stable compared to the CRRA utility function. Second, without the income effect on labor
supply, informal hours become more volatile than formal hours, aligning with the explanation
provided in Figure 11.
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Figure 13: Unexpected rise on interest rate (GHH utility function): output and inflation

(a) First Quarter Response (b) Impulse-Response
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Note: The meaning of the the colors are the same than figure 12. However, in this case, the utility function used is
GHH.

4.2.3. Decomposition of the Transmission Channels in the U.S. Labor Market

Finally, we propose an exercise that models the U.S. economy to analyze how changes in the
percentage of HtM households or shifts in the composition of formal and informal employ-
ment could affect the Federal Reserve’s transmission power3?. This analysis is illustrated in
Figure 15. As explained in Section 4.2.2, Figure 15 includes four different lines, each repre-
sented by a distinct color: one for the RANK model and three for the TANK models. Although
the methodology is similar to that in Section 4.2.2, the baseline assumptions differ.

We begin with Panel (a), where the total proportion of HtM households is set to 10% (A =
0.1). For the U.S., we assume this A aligns closely with the definition of poor hand-to-mouth (P-
HtM) households. According to Kaplan et al. (2014), the proportion of P-HtM households in the
U.S. and other developed countries is around 10%. Hence, the TANK (1), TANK (2), and TANK (3)
models are estimated using A = 0.1. Additionally, based on estimates from Bracha and Burke
(2014), the informal labor participation rate for full-time workers in the U.S. is around 11%33.
For this exercise, we assume a 10% informality rate, applied equally across both Ricardian and
HtM households, setting k = 0.9, x = 0.9. These values establish our baseline cases.

Now, let us examine the models. The RANK model (blue line) assumes that P-HtM house-

32gee annex, table A13, for parameter details
3Calculated as a simple average of participation in personal services, consignment sales, online sales, and prop-
erty rentals. As shown in Figure 3, Bracha and Burke (2014).
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Figure 14: Unexpected rise on interest rate: labor market

(a) CRRA utility function (b) GHH utility function
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Note: The graphs show the dynamics of formal and informal wages and hours over four quar-
ters under different economic models (RANK and three variants of TANK) and utility functions
(CRRA and GHH). The meaning of the the colors are the same than figure 12.

holds do not exist. The TANK (1) model (red line) assumes that P-HtM and Ricardian house-
holds are equally formal, with k = 0.9 and x = 0.9. TANK (2) represents a situation where
the informalization of the U.S. labor market disproportionately affects Ricardian households,
making them more informal relative to P-HtM households. Although this scenario is unlikely,
it is included for completeness. TANK (3), on the other hand, presents a more plausible case:
here, the informalization of the labor market significantly impacts P-HtM households more
than Ricardian households, resulting in the rate of informal employment among P-HtM house-
holds increasing from 10% to 80%. Thus, TANK (3) assumes that 80% of P-HtM households in
the U.S. will be employed informally.

Focusing on Panel (a), we compare TANK (1) (red line) with TANK (3) (black line). If the
proportion of P-HtM households remains stable at 10%, but labor market informality increases
(for example, due to new regulations that raise firing costs and make the labor market more
rigid), there is no substantial change in the Federal Reserve’s transmission power. However, as
shown in Panel (b), if both the proportion of P-HtM households increases from 10% (A = 0.1) to
30% (A = 0.3) and labor market informality expands, the Federal Reserve’s impact on GDP and
inflation is significantly enhanced. This suggests that the interaction between informality and

the proportion of P-HtM households would amplify the Federal Reserve’s transmission power.
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Figure 15: Unexpected rise on interest rate: output and inflation

(a) CRRA utility function A = 0.1 (b) CRRA utility function A = 0.3
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Note: The graphs show the dynamics of total output and inflation over four quarters under different economic
models (RANK and three variants of TANK) and different proportions of hand-to-mouth households (A). The RANK
(Representative Agent New Keynesian model), represented by the blue dashed line, assumes no HtM households,
and Ricardian households are divided between formal (x = 0.9) and informal jobs (x = 0.9). The TANK (Two-
Agent New Keynesian) models include three variants with different allocations: TANK (1), shown by the red line,
assumes that both Ricardian and HtM households are divided between formal (x = 0.9,x = 0.9) and informal jobs
(1 — k = 0.1,1 —x = 0.1). TANK (2), depicted by the green line, assumes that most Ricardian households have
informal jobs (x = 0.2) while most HtM households have formal jobs (k = 0.7) . TANK (3), represented by the black
line, assumes most Ricardian households have formal jobs (k = 0.7) while most HtM households have informal
jobs (x = 0.2).
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5. Conclusions

In conclusion, this paper highlights the important link between labor informality and mone-
tary policy—two topics that are not often studied together. By addressing gaps in the existing
research, such as the lack of data on informality and the need for improved models to bet-
ter understand informal labor markets, we help clarify how informal employment influences
the transmission of monetary policy. This approach provides a more accurate understanding
of monetary policy’s impact, particularly in developing economies where informality plays a
larger role.

First, the lack of reliable data on labor informality poses a significant challenge for re-
searchers and policymakers. Using data from Peru’s National Household Survey (ENAHO), this
paper provides a detailed examination of how labor informality affects household consump-
tion and employment. Our findings reveal that more than 90% of hand-to-mouth households
work in the informal sector, while about 50% of Ricardian households are employed in the
formal sector.

Second, our results on the marginal propensity to consume (MPC) highlight important dif-
ferences between informal and formal households. Informal households tend to have a much
higher MPC, particularly in response to transitory income. Additionally, our analysis of busi-
ness cycle dynamics shows that informal workers experience larger income fluctuations, espe-
cially during economic downturns. This suggests that informal workers are more vulnerable
during recessions.

Third, this paper introduces and calibrates a Two-Agent New Keynesian (TANK) model to
better capture the role of informal labor markets. This model divides households into Ricar-
dian and hand-to-mouth groups, reflecting the dual nature of labor markets in developing
economies. Our simulations show that informal labor amplifies the effects of monetary shocks
because hand-to-mouth households in the informal sector are highly sensitive to changes in
income, leading to larger effects on production.

These findings have clear policy implications. In economies with a large informal labor sec-
tor, monetary policy has stronger effects on both inflation and output compared to economies
where most workers hold formal jobs. Policymakers need to consider the structure of labor
markets—especially the vulnerability of informal workers—when implementing monetary pol-
icy. Ignoring these factors could result in unintended consequences, such as overheating the
economy or misjudging inflationary pressures.

Nevertheless, important questions remain unanswered, as they fall beyond the scope of
this paper. For instance, the interaction between fiscal policies, such as fiscal rules, and in-
formal labor markets requires further analysis. Additionally, a deeper investigation into the
relationship between monetary policy and informal credit markets, and how monetary trans-
mission affects informal credit rates, is needed. An extension of this paper could also involve
analyzing optimal monetary policy in the context of informal labor markets.

In summary, this paper provides an important step toward developing models that account
for differences in labor markets, particularly in developing countries where informality is

widespread. By combining detailed household data with a more refined economic framework,
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we offer a clearer understanding of how informal labor markets shape the effects of monetary
policy. However, further progress will depend on the availability of better and more detailed
data on labor informality.
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Appendix A. Annex Subsection 2.1

Figure Al: Average Wage Flexibility and Hiring/Firing Practices (2012-2019): USA and Peru

B Hiring and Firing [ Wage Fiexiviiity

5.53 5.65

Peru United States

Notes: We use the Global Competitiveness Index (GCI), focusing on the "Efficient Labor Markets" pillar. Within
this, we examine two sub-categories: (1) Hiring and firing practices, rated from 1 to 7 (with 7 being the best), and
(2) Flexibility of wage determination, also rated from 1 to 7 (with 7 representing the highest flexibility).
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Figure A2: Average Wage Flexibility and Hiring/Firing Practices (2012-2019)

o

-
Swi rfgn}écn R, China
. m‘are
Depmark A
( LT gy s
.

3]

IS

.
-

Gegman Lip

Nethelghds

+856tho

Average Hiring and Firing Practices (1-7)

N P - Mo
A"a . ’S‘f'}e\‘n ique «
. S

3 M a

Ur'ay . - U , Ec‘ir %'a w

. ‘zwweac‘mca Boeria

L.

P .
.
2 3 6 7

4 5
Average Wage Flexibility (1-7)

Notes: We use the Global Competitiveness Index (GCI), focusing on the "Efficient Labor Markets" pillar. Within
this, we examine two sub-categories: (1) Hiring and firing practices, rated from 1 to 7 (with 7 being the best), and
(2) Flexibility of wage determination, also rated from 1 to 7 (with 7 representing the highest flexibility). The red
dotted line represents a 45-degree line.
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Appendix B. Annex Subsection 2.2

B.1. Modules we used in the ENAHO

In total, we have utilized data from 19 different modules of the survey. The first five modules
collect detailed information on household and member characteristics, including housing ma-
terials, civil status, age, education, health, employment, and income (Modules 01: Character-
istics of the Housing and the Household; 02: Characteristics of the Household Members; 03:
Education; 04: Health; 05: Employment and Income). Twelve modules focus on household ex-
penditures, capturing data on a broad spectrum of spending categories, from basic needs like
food and beverages to transportation, recreation, culture, and more (Modules 07: Food and
Beverage Expenditures; 08: Charitable Institutions; 09: Housing Maintenance; 10: Transporta-
tion and Communications; 11: Housing Services; 12: Recreation, Entertainment, and Cultural
Services; 13: Clothing and Footwear; 15: Transfer Expenditures; 16: Furniture and Household
Goods; 17: Other Goods and Services; 18: Household Equipment; 78: Personal Care Goods and
Services). The final two modules provide summary data and insights into institutional vari-
ables (Modules 34: Summaries (calculated variables); 85: Governance, Democracy, and Trans-
parency). In this paper, we specifically use Module 34 to calculate total household expenditure
and Module 05 to obtain employment and income information. Through these modules, we
can determine whether a worker is employed in the formal or informal sector.

B.2. Estimation of informality in the ENAHO

To determine whether a job is formal or informal, we follow a specific procedure, as illustrated
in Figure A3, which outlines the steps for segmenting the labor force by sector and informal
employment. The first step involves asking whether the individual works for the government
or other institutions such as the armed forces, police, public administration, or state-owned
enterprises. If they do not work for the government, we then inquire about the sector in which
they are employed. If the person works in the agricultural sector, their employment is auto-
matically classified as informal. However, if the worker is not in the agricultural sector, the
next step is to determine the registration status of the business providing the job. If the busi-
ness is officially registered, the worker is categorized as being in the formal sector; if not, the
worker is assumed to be in the informal sector.

While we assume that all workers in the informal sector are informal workers, not all
workers in the formal sector are considered formal. To clarify this distinction, we ask an ad-
ditional question regarding the individual’s main occupation. The options include employer,
self-employed, white-collar worker, blue-collar worker, unpaid family worker, domestic worker,
and others. If the main occupation is "employer" or "self-employed," the job is automatically
classified as formal. Conversely, if the occupation falls under the categories of unpaid fam-
ily worker or "others," it is classified as informal. For occupations classified as white-collar
worker, blue-collar worker, or domestic worker, we ask an additional question about health
insurance. In Peru, health insurance is mandatory for formal workers. If the worker does not
have health insurance, we classify their job as informal. If they confirm that their employer
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provides health insurance, the job is categorized as formal.

An additional consideration is that some workers may be classified as informal even if
they work for the government. In rare cases, government or government-affiliated enterprises
might hire workers without a formal contract or health insurance, technically classifying these
workers as informal. Although uncommon, this situation is important for statistical purposes,
which is why we distinguish between government employment and other organizations when
addressing the health insurance question.

Figure A3: Procedure for segmenting the labor force by sector and informal employment

Person
works for

Others

Government
and other f-----
organizations

Business registered
with SUNAT

Informal
Sector

Agriculture

Informal
Sector

Informal

Formal Sector

Main
Occupation

1,2
5,7

3,4,6 Health YES
Insurance

NO
ot

. 4

Notes: ENAHO - updated methodology. The categories in the flowchart are: (1) Employer, (2) Self-employed, (3)
White-collar worker, (4) Blue-collar worker, (5) Unpaid family worker, (6) Domestic worker, and (7) Other.

B.3. Income and Consumption Distribution

Figure A4 illustrates the distribution of income and consumption among informal and formal
households. As defined earlier, "informal households" are those in which all members are em-
ployed in informal jobs, while the term "formal households" applies to those where all mem-
bers hold formal jobs. The data reveal that the income and consumption distributions for both
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household types are positively skewed, with formal households typically earning and consum-
ing more than informal households. Two vertical lines in the figure represent the average
incomes of informal and formal households, respectively, making it clear that formal house-
holds tend to have higher average income and consumption levels. Figure A4 also show that in-
come is generally more volatile than consumption, with formal households experiencing less
overall volatility. Furthermore, there is some overlap in the income distributions, indicating
that some informal households have incomes exceeding those of certain formal households.
Overall, these figures demonstrate that formal households tend to enjoy higher incomes and

greater consumption compared to their informal counterparts.

Figure A4: Income and consumption distribution, 2012-2023

(a) Net Total HHs income per capita (b) Total HHs expenditures per capita

[0 informal HHs (100%) ] Formal HHs (100%) |

[0 informal HHs (100%) ] Formal HHs (100%) |

Density
Density

20000 30000 40000

0 20000 40000 60000 0 10000
Log. Peruvian Soles (PEN)

Log. Peruvian Soles (PEN)

Note: HHs stands for Households. Panel (a) shows net income per household member, while Panel (b) shows
expenditure per household member. The blue density represents households where all members are informal
workers, and the red density represents households where all members are formal workers. Mixed households are
excluded. Vertical lines indicate the average for each density. The x-axis is in log Peruvian soles, annual and real.
The exchange rate is approximately 3 Peruvian soles per USD.

A5



B.4. Different definitions of HtM for Peruvian Data

HtM-1: No Bank Account

Figure A5: HtM and Ricardian households by income quintiles (2015-2023)
HtM: No Bank Account
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HtM-2: No Bank Account & No house

Figure A6: HtM and Ricardian households by income quintiles (2015-2023)
HtM: No Bank Account & No house
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HtM-3: No Bank Account & No house & No Assets

Figure A7: HtM and Ricardian households by income quintiles (2015-2023)
HtM: No Bank Account & No house & No Assets

(a) Average (2015-2023)
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Source: ENAHO- updated methodology.
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HtM-4: No Bank Account & No house & No Assets & Urban Area

Figure A8: HtM and Ricardian households by income quintiles (2015-2023)
HtM: No Bank Account & No house & No Assets & Urban Area
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A9



B.5. Distribution of formal and informal households across different income quintiles:
HtM vs Ricardian

Figure A9 further elucidates the analysis in section 2.2.3 by illustrating the distribution of for-
mal and informal households across different income quintiles, distinguishing between HtM
and Ricardian households. The first panel shows that formal households are predominantly Ri-
cardian, while the second panel highlights that informal households are primarily HtM. This
pattern remains consistent throughout the income distribution. The combined total of the
blue and red bars in Figure A9 equals 100%, reflecting the exclusion of mixed households from

the analysis.

Figure A9: Formal and Informal households by income quintiles and HtM (2015-2023)

(a) Formal households (b) Informal households
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Note: Panel (a) shows formal households classified as either Ricardian or HtM. Mixed households, which include
both Ricardian and HtM members, are excluded, so the blue and red bars always sum to 100%. Panel (b) shows
informal households, also classified as either Ricardian or HtM, with mixed households removed to ensure the
blue and red bars sum to 100%. Source: ENAHO - updated methodology.
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B.6. Income change over business cycles by region

Figure A10: AAverage Income by geographical region (Formal-Ricardian Households)

Source: ENAHO- updated methodology.
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Figure A11: AAverage Income by geographical region (Informal-HtM Households)

Source: ENAHO- updated methodology.
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B.7. Some useful parameters for the TANK model

Before implementing the TANK model in the following section, it is crucial to estimate several
key parameters. Table Al details the distribution of households into hand-to-mouth and Ri-
cardian categories from 2015 to 2022. The data shows that approximately 60% of households
are classified as hand-to-mouth, while 40% are Ricardian. This indicates that the majority of
households in the economy fall into the hand-to-mouth category. Table A2 further examines
the interaction between HtM and Ricardian households across the formal and informal sec-
tors. The data reveals that nearly 93% of HtM households are engaged in informal employment,
with only about 6% employed formally. In contrast, Ricardian households exhibit a different
distribution, with around 54% holding formal jobs and 46% working informally.

Table Al: % of Household who are HtM (2015-2022)

HtM households A=0.6
Ricardian households | 1 —A = 0.4

Source: ENAHO- updated methodology.

Table A2: HtM, Ricardian and labor market (2015-2022)

HtM households | Ricardian households
Formal job X = 0.06 k = 0.54
Informal job 1-x=0.93 1—-k=0.46
Total 1 1

Source: ENAHO- updated methodology.

B.8. Monetary Policy: formal and informal wages

Alternatively, the study by Armas et al. (2023) allows us to examine the impact of monetary
shocks on wages in both formal and informal sectors in Peru. By employing a local projec-
tion method, as proposed by Jorda (2005), they estimate impulse response functions (IRFs) to
evaluate the effects of an increase in interest rates on real wages for both formal and informal
workers before and after the pandemic. Their results, summarized in Figure A13, suggest that
monetary policy affects these two labor markets differently, revealing a greater sensitivity in
informal wages compared to formal wages, both before and after the pandemic.

The research conducted by Armas et al. (2023) spans from 2007 to 2022, using quarterly

data. The first column in Figure A13 illustrates the pre-pandemic wage responses for formal

and informal workers. The analysis shows that, in the short term, informal wages experience
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a more pronounced decrease following an interest rate hike compared to formal wages. This
stronger initial reaction is likely due to the greater vulnerability of informal workers. However,
post-pandemic data in column 2 indicate that formal wages have become more responsive to
interest rate changes. Despite this increased sensitivity of formal wages after the pandemic,
informal wages remain more responsive to interest rate hikes both before and after the pan-
demic. This persistent disparity highlights that informal workers are more exposed to mone-

tary shocks.
Figure A13: Response of wages to an interest rate shock
(a) Formal wages
A. Formal labour market 2007-19 B. Formal labour market 2007-22

(b) Informal wages

C. Informal labour market 2007-19 D. Informal labour market 2007-22

Source: Armas et al. (2023)
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B.9. Labor transitions

Table A3: Peru: average labor transitions, 2008 - 2019 (%)

t+1
Formal | Informal | No working
Formal 76.2 17.9 5.8
t | Informal 7.6 77.7 14.6
No working 3.5 274 69.1

Source: Encuesta Nacional de Hogares, ENAHO, Peru.

F1. It is more difficult to transit from informal job to formal job.

F2. It is more likely to go to informal employment than no working (unemployment+no labour
force)

Figure Al4: Peru: labor transitions from formal and informal employment, 2008 - 2019 (%)
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Source: INEI - National Household Survey on Living Conditions and Poverty (ENAHO) panel, 2007-2011, 2011-2015,
2012-2016, 2013-2017, 2014-2018 and 2015-2019. Elaborated by: MTPE - DGPFLIT - Directorate of Supervision and
Evaluation (DSE).

Aleé



C.1.

Appendix C. Annex Subsection 2.3

MPC: Hong (2023)

Based on recent research by Hong (2023), figure A15 displays MPC estimates across different in-
come deciles. A notable finding is the significantly higher MPC for the bottom 10% of earners
compared to the top 10%, with this difference being statistically significant at the 90% confi-

dence level. Although the MPC estimates vary, they remain relatively stable from the second
to the ninth decile.

Source:

Figure A15: Quarterly Household MPCs by income decile, Peru (2004-2016)

Expenditure response to unexpected and transitory income within a quarter (Hong, 2023; JIE)

Quarterly MPC

ENAHO- updated methodology, Peru. Hong (2023).
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C.2. MPC: Panel Data

Individual.

Table A4: Annual MPC (2011-2022)

dep var: ACj;, expenditure per capita (Annual, real PEN)

Total Expenditure Monetary Expenditure | Nondurable Goods
@ )] ©)] ) ) (6) @)
0.27%%%  015%**  .27*** | 0.07%** 0.15%** 0.07*** 0.15%**
AYy,
(0.011) (0.029) (0.040) (0.022) (0.032) (0.021) (0.032)
0.15%**  0.09%** | (.14*** 0.10*** 0.14%** 0.10%**
AYit X INFit
(0.031) (0.033) (0.023) (0.026) (0.023) (0.026)
Controls
INF;; YES YES YES YES YES YES
QYT YES YES YES
AY; x QYTj, YES YES YES
region X year YES YES YES YES YES YES YES
X: " B: YES YES YES YES YES YES YES
id-FE YES YES YES YES YES YES YES
time-FE YES YES YES YES YES YES YES

Note: X;; includes age, age~2, sex, education, sector, type of job, size of firm, and region. N=13,898. All estimations

use robust standard errors. Significance levels are indicated as follows: *** p<0.01, **p<0.05, *p<0.1.

Table A5: Annual MPC (2015-2022)

dep var: AC;;, expenditure per capita (Annual, real PEN)

Total Expenditure Monetary Expenditure | Nondurable Goods
@) 2 @) ) ®) (6) @)
0.27*%%*%  0.14%%*  0.27%%* | 0.06*** 0.16*** 0.06*** 0.16***
AY;;
(0.012) (0.032) (0.044) (0.023) (0.034) (0.023) (0.034)
0.17*%*  0.09%* 0.15%** 0.10%** 0.15%** 0.10%**
AYit X INFit
(0.034) (0.036) (0.025) (0.028) (0.025) (0.028)
Controls
INF;; YES YES YES YES YES YES
QYT;; YES YES YES
AYy x QYT YES YES YES
region X year YES YES YES YES YES YES YES
X: B YES YES YES YES YES YES YES
id-FE YES YES YES YES YES YES YES
time-FE YES YES YES YES YES YES YES

Note: X;; includes age, age~2, sex, education, sector, type of job, size of firm, and region. N=11,715. All estimations
use robust standard errors. Significance levels are indicated as follows: *** p<0.01, **p<0.05, *p<0.1.
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Table A6: Annual MPC (2016-2022)

dep var: ACy;, expenditure per capita (Annual, real PEN)

Total Expenditure Monetary Expenditure | Nondurable Goods
) @ ®) @) (5) (6) @)
0.27%*%*  0.13***  0.29%** 0.05** 0.17%** 0.05* 0.17***
A (0.014) (0.035) (0.049) (0.025) (0.038) (0.024) (0.038)
0.19%** 0.10%* 0.16*** 0.11%** 0.16*** 0.11%**
AY;; x INFy
(0.036) (0.041) (0.027) (0.031) (0.027) (0.031)
Controls
INF;; YES YES YES YES YES YES
QYT YES YES YES
AY; x QYT YES YES YES
region X year YES YES YES YES YES YES YES
X; B YES YES YES YES YES YES YES
id-FE YES YES YES YES YES YES YES
time-FE YES YES YES YES YES YES YES

Note: X;; includes age, age~2, sex, education, sector, type of job, size of firm, and region. N=9,364. All estimations
use robust standard errors. Significance levels are indicated as follows: *** p<0.01, **p<0.05, *p<0.1.

Households.

Table A7: Annual MPC- only head of the household (2011-2022)

dep var: ACy, expenditure per capita (Annual, real PEN)

Total Expenditure Monetary Expenditure | Nondurable Goods
@ ) @) ) 5) (6) @)
0.28%**  17***  0.27*** 0.07** 0.14%** 0.07** 0.14%**
AY;
(0.013) (0.036) (0.048) (0.027) (0.038) (0.027) (0.038)
0.14%** 0.08* 0.14*** 0.10*** 0.14%** 0.10***
AY;; x INF;;
(0.038) (0.041) (0.029) (0.033) (0.029) (0.033)
Controls
INF;; YES YES YES YES YES YES
QYT YES YES YES
AYy x QYT YES YES YES
region X year YES YES YES YES YES YES YES
X: B YES YES YES YES YES YES YES
id-FE YES YES YES YES YES YES YES
time-FE YES YES YES YES YES YES YES

Note: X;; includes age, age~2, sex, education, sector, type of job, size of firm, and region. N=9,700. All estimations
use robust standard errors. Significance levels are indicated as follows: *** p<0.01, **p<0.05, *p<0.1.
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Table A8: Annual MPC- only head of the household (2015-2022)

dep var: ACy;, expenditure per capita (Annual, real PEN)

Total Expenditure Monetary Expenditure | Nondurable Goods
@ @ ©)] 4) ) (6) @)
0.27*%**  0.15***  (.28*** 0.05* 0.14*** 0.05 0.14%**
AY;
(0.015) (0.041) (0.053) (0.030) (0.041) (0.030) (0.041)
0.15%** 0.08* 0.16*** 0.17%** 0.16*** 0.17%**
AYit X INF;
(0.043) (0.046) (0.032) (0.036) (0.032) (0.036)
Controls
INF;; YES YES YES YES YES YES
QYT YES YES YES
AY; x QYT;, YES YES YES
region X year YES YES YES YES YES YES YES
X; B YES YES YES YES YES YES YES
id-FE YES YES YES YES YES YES YES
time-FE YES YES YES YES YES YES YES

Note: X;; includes age, age~2, sex, education, sector, type of job, size of firm, and region. N=8,171. All estimations
use robust standard errors. Significance levels are indicated as follows: *** p<0.01, **p<0.05, *p<0.1.

Table A9: Annual MPC- only head of the household (2016-2022)

dep var: ACj;, expenditure per capita (Annual, real PEN)

Total Expenditure Monetary Expenditure | Nondurable Goods
09) ) ®) 4) (5) 6 @)
0.27%*%%  0,15%**  (,29%*** 0.04 0.14%** 0.04 0.14%**
AY;
(0.017) (0.045) (0.058) (0.031) (0.045) (0.031) (0.046)
0.16™** 0.07 0.17%** 0.11%+* 0.17%** 0.11%**
AYit X INFit
(0.047) (0.050) (0.034) (0.039) (0.034) (0.039)
Controls
INF;; YES YES YES YES YES YES
QYT YES YES YES
AY; x QYT YES YES YES
region X year YES YES YES YES YES YES YES
X : B YES YES YES YES YES YES YES
id-FE YES YES YES YES YES YES YES
time-FE YES YES YES YES YES YES YES

Note: X;; includes age, age~2 , sex, education, sector, type of job, size of firm, and region. N=6,560. All estimations
use robust standard errors. Significance levels are indicated as follows: *** p<0.01, **p<0.05, *p<0.1.
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C.3. Structural estimation: covariance restriction methodology

In a seminal paper, Blundell et al. (2008) introduced a structural methodology, later known
as the "covariance restriction," to estimate the consumption response to permanent and tran-
sitory income shocks. The method proceeds as follows: first, assume that a household’s real
(log) income can be decomposed into predictable and unpredictable components.

log C;; = W;)te + ¢j (A2)

where X/l ,and W/l . represent sets of observable characteristics such as age, sex, education,
marital status, and employment sector. Next, assume that the unpredictable component of
income (y;;) can be further decomposed into permanent (P; ;) and transitory (v;;) parts:

Yit = Pit + Vi (A3)

The permanent income component is assumed to follow a random walk process, while the
transitory income component follows a moving average process of order g:

Piy=Pip 1+ (A4)
q
Vie= Y Wjgj (A5)
=0

Here, (;; represents a serially uncorrelated shock. Assuming wq = 1, the change in unpre-
dictable income (Ay;;) can be expressed as the sum of the permanent income shock ((;;) and
a change in transitory income shock:

Ay = Cip + Avy (A6)

Using equations (A4)-(A6), Blundell et al. (2008) propose the following framework for con-
sumption:

Aci = & + OCi + ey (A7)

where ¢;; L (;;and ¢;; L &;;. This suggests that the log of real (unpredictable) consumption
can be explained by three factors: a permanent income shock ({;;), a transitory income shock
(¢;4), and an independent innovation term in consumption (;;). Blundell et al. (2008) refer to ¢
and 1 as partial insurance or transmission parameters. Specifically, ¢ =1 = 0 indicates full
insurance (consistent with the complete markets hypothesis), while ¢ =1 = 1 corresponds to
no insurance case (autarky). The identification of these transmission parameters is as follows:
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1
- Cov (Acit, ) A.yiH—T)

_ 1 (A8)
Cov (A Vit 21 Ayit—i—”r)
_ Cov (Aciy Ayipy) (A9)
Cov (A¥ip, AYirt1)

From (A9), we can estimate the MPC to transitory income. Following the approach outlined

by Hong (2023), we begin by defining the mean-consumption-to-mean-income ratio as follows:

(A10)

To estimate the MPC with respect to transitory income shocks, we use the following moment

conditions, which are estimated using the Generalized Method of Moments (GMM):

E[xY; — Cyl =0 (A11)
E[Aci — = pAy;] =0 (A12)
E [AJ’itﬂ (Acy —ox — wAyit)] =0 (A13)

After estimating k,\p, « and their variance-covariance matrix, we can derive the MPC esti-

mate and its standard error by calculating MPC = k.

C.4. MPC: Structural Estimation

Figure A16: Annual MPC (2011-2022)

Annual Marginal Propensity to Consume (MPC) to Transitory Income
Error bars represent 95% confidence intervals
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Figure A17: Annual MPC (2015-2022)

Annual Marginal Propensity to Consume (MPC) to Transitory Income
Error bars represent 95% confidence intervals
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Figure A18: Annual MPC (2016-2022)

Annual Marginal Propensity to Consume (MPC) to Transitory Income
Error bars represent 95% confidence intervals
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Appendix D. Annex Subsection 3.1

D.1. Toy model: simple multiplier/Keynesian cross

To simplify our model, we assume: (i) a closed economy, (ii) no government spending, (iii) no
investment, and (iv) fixed prices. Under these assumptions, aggregate demand is driven solely
by aggregate consumption. Thus, since prices are fixed, the only variable to be determined
is the total output. Our objective is to examine how changes in aggregate consumption affect
aggregate output. Aggregate consumption, denoted by C, can be divided into two categories:
formal consumption (CF) and informal consumption (C!). We define aggregate consumption
as:

C=xCl+(1-1)cF (A14)

where Tis the proportion of households working in the informal sector, and 1—T represents
those in the formal sector. Given our assumptions, total output Y must be equal to aggregate

consumption C. Thus:
Y=xCl+(1-7)cFf (A15)

Now, assume that informal consumption depends solely on informal income (¥!) and informal
income depends on total output, so that C! (YI (Y)). Similarly, formal consumption depends
on formal income (YF), formal income on total output, and an exogenous shock (u) initially
confined to the formal sector, so that, CF (YF (Y), 1). Combining these, we obtain:

v=c (Y (1) + (1 -7 (¥ (1),u) (A16)
Taking the total derivative of this equation with respect to Y, we get:
octay! act ovf acF
AY=1T——dY+ (1 —7) ———dY+ (1 — 1) — Al7
oy -V y -0, (A17)

Next, we refine this relationship by multiplying both the numerator and the denominator
F
by Y for both sectors, defining: de = (1 — 1) aa%. Rearranging terms, we derive the multiplier:

a |
de

(A18)
1 — [t0lyIMPC; + (1 — ©) 0FyFMPCR

MPC; = g—g Marginal Propensity to Consume of sector j
v = %% Elasticity of Y/ to the aggregate Y
0/ = X; Relative size of Y/ respect to Y

T e [0,1] percentage of Informal Households

Equation (A18) illustrates the multiplier effect resulting from a shock to aggregate demand,
such as a monetary policy shock. This multiplier depends on several factors: the Marginal

Propensity to Consume (MPC), defined as MPC; = g—g, j = {I, F}; the income elasticity of
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6YY

each sector relative to the overall economy, v = ; the sector’s relative size compared to

aggregate income, represented by 8/ = Y, and the proportlon of households employed in the
informal sector, 1. From Equation A18, we can see the informal sector’s impact on the general
multiplier (g—z). Assuming the percentage of households (1) and the size of the informal sector
relative to aggregate output () remain stable, the key variables influencing the multiplier are
the marginal propensity to consume (MPC) and income elasticity (y). If the MPC is high but
income elasticity is low, the multiplier may not increase significantly. To achieve a higher
multiplier, both the MPC and elasticity must be higher, given specific values of 6 and t. Thus,
this model highlights that, assuming stable informality and informal labor market size, the
income elasticity and MPC are crucial in determining the effectiveness of monetary policy on
total output. This intuition remains valid even if we consider multiple types of households,
rather than just two (formal and informal).

D.2. A multiplier decomposition

Following Patterson (2023), we define consumption as ¢; (E; (Y), 0;), where i denotes individ-
uals. Assuming there is no capital, we can decompose aggregate consumption into two cate-
gories: formal consumption (CF) and informal consumption (Cl). Thus, aggregate consump-
tion is given by:

Ci=1Cl+ (1 —-1)cf (A19)

We assume: (i) a closed economy, (ii) no government spending, (iii) no investment, and
(iv) fixed prices. Under these assumptions, aggregate demand is driven solely by aggregate
consumption. Therefore, aggregate output is defined as:

Y=+ (1= =Y o (B (Y),0,) + 1 -0 o (B (¥),0;)  (a20)

where E; represents earnings, and 0; represents other parameters. Taking the total deriva-
tive of (A20), we get:

ock OEF oct oF! act
dy = (1 —T)Z (E)EF aYF> ayf + (1 -« Z ael daoe; —I—TZ <a 1an> dYI+TZ. a—elidei
] (A21)
We define g—gi = MPC;,and ) ; (g—éiidei) = de, which is interpreted as an exogenous shock.
Thus, the equation becomes:

Ef yF EF El Yl E!

70 0
F 1
dy=(1-1) E MPCI Wﬁﬁdlf (1-m) def +T E MPClWEWdY + tde! (A22)

Next, we define the elasticity of individual earnings and aggregate MPC as:

OF; Y
=05 A23
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Assuming (1 — 7) def' + Ade! = de, we have:
dy = (1 —1) ny i MPCFdYF+ TZYI lMPCIdYI + de (A24)

Now, let’s define YF = 0F. Then, dYF = vdeF + 6Fdy. Assuming d6F = 0, it follows that
dyf = efay. Substltutmg this into the previous equation, we get:

EF
dy=(1-r1 ny Y;MPcFeFdY+ T Zy{ lMPCIBIdY—i— de (A25)

Rearranging terms:
auy 1

de | _ (1—-1)0F>; fY;MPCFJrTeIZl {Y;MPCI

(A26)

We know that E [X] = ), X;P (X;). Additionally, we assume that P (x;) = EY‘ Therefore, we
have:

Y 1
a = (A27)
de 1 (1-n7)0FE [nyPCﬂ +0'E [y{MPc{]
We also know:
C(X,Y) = E[XY] - E[X]E[Y] (A28)
Thus,
EXY]=EX]E[Y|+C(X,Y) (A29)
Substituting (A29) into equation (A27), we get:
ay 1
de 1 _(1-n1)6F ([E [Mpcf] E [yﬂ +C (MPCl Y )) — 0! ([E [Mpcﬂ E M +C (Mpcll, yg))
(A30)
Finally, after simplifying and eliminating unnecessary nomenclature, we arrive at the mul-
tiplier.
av 1
de  q_ [(1 — 1) 0FyFMPC" + 101yIMPC + (1 — 1) OFC (Mpcf, yf) +10IC (Mpcg, y{)]
(A31)
MPC = E [MPC{} Average Marginal Propensity to Consume of sector j
Y =E [yﬂ Average elasticity of sector j and individual i
0/ = KY] Relative size of Y/ respect to Y
T € [0,1] percentage of Informal Households
C (MPC{ , y{ ) Covariance between MPC and income elasticity of sector j and individual
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Appendix E. Annex Subsection 3.2

E.l. Demand fro good type z

The total demand for good z can be determined by the following equation:

Ce(2) = ACH (2) + (1 = A) C (2)

From (A32), we obtained the demand for variety z for HtM and Ricardian households:

Plugging (A33) and (A34) into (A32) we get

Ce(2) = A [Pt(z)} N CH+(1-2) [Iz(tz)]_scf

By performing a simple algebraic manipulation on equation (A35), we derive:

Ci (2) = [P’})(tz)} - (Ac? +(1-A) cf)

Finally, given that C; = ACH + (1 — A) CR, we obtain the expression:

Ct(z) = [Ptp(tz)} h Ct

E.2. TANK with CRRA utility: system of equations

Ricardian households.

T (e)” ()

HtM households.

A27

(A32)

(A33)

(A34)

(A35)

(A36)

(A37)

(A38)

(A39)

(A40)

(A41)

(A42)



cl = —LNf
t p, t
Wholesale firms.
vy WY F
ot 't e
(oF; N; P, + 0FO
@F — < Ft o 1) = _ [EtQt)t—i—l < HI-?]. o 1> t+].2
Nt 4 Nt 4 Ny (NF)
o el B wi
"N, P
Yt — YtAt
1 3
p
A¢= [t (Z)] d
o L Pr
Retail firms.

L=0(1+m) " +(1-0) <si1>1_£ <?2§>1_£

P £
At = ¢¢Yr + OF; [(;;) Q41,6 A 41

Pryr) !
(P > Qt+1,t2¢ 41
t

NF 2
_ OF t
tht+<NF —1)

2 t—1

O =Y + OFE;

Clearing market conditions.

Ny = AN 4 (1 - A\ NR
Cr=ACH 4+ (1-nCk
NE = AxNH + (1 —A) kR
NE=XA1—x)NE+(1-2)(1-«)NR

Ny = NF + NI

E.3. Log-linear equations: TANK with CRRA utility

Ricardian households.

wi = 0ef + onf
wi = kwi + (1 — k) w}

A28

(A43)

(A44)

(A45)

(A46)

(A47)

(A48)

(A49)

(A50)

(A51)

(A52)

(A53)

(A54)
(A55)
(A56)
(A57)

(A58)

(A59)

(A60)



1 .
of =gl — " (it — Eemeyn)
HtM households.
wil =t +yni!
wi =xwi + (1 —x) Wi
ot = wfl 4l

Firms.

wi=wi + ¥

dr = (1 — ) ny + wh
Y = ang

7t = BEme1 + X bt
OF
U =
WENE

Clearing Market.

Monetary Policy.
it = qnme+ Gyy + &t

E.4. TANK with GHH utility: system of equations

Ricardian households.

wR ¢
o o)
Py t

WR Wi wi
ot 't 1 — k) —t
Py © ( Py T=w Py

A —
CR p

1= BE, | L (t 1+i)

() (o

A29

(o o) - 5 o~ o)

(A61)

(A62)
(A63)

(A64)

(A65)

(A66)
(A67)

(A68)

(A69)

(A70)

(A71)

(A72)

(A73)

(A74)

(A75)

(A76)

(A77)



HtM households.

Wholesale firms.

NF 1 NF

ofF — ( t 1) —EQp < tH1 1>
F F 5 F
Ni_y Ni_4q Ny

0.0 _ W
Ny Pt

YY = ANY
YV = VA,
1 —€
P
0 t

Retail firms.

1_9(1+m)6—1+(1_e)< £ )1_5 <?2Z

e—1

P \©
(P) Qt+1,tAt+1
t

Pt—|—1 e—1
(P> Qet1,68 041
t

At = &:Y: + OF;

Ql’ = Yt+ e[Et

Clearing market conditions.

NF 2
_ OF t
Yt—Ct+<NF —1)

2 t—1
N¢ = ANE + (1 — ) NR
Ce=ACH +(1-A)CR
N = ANET 4 (1 - A) kN

Np=A(1—x) Nf'+ (1= 2) (1 — ) Nf
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(A78)

(A79)

(A80)

(A81)

(A82)

(A83)

(A84)

(A85)

(A86)

(A87)

(A88)

(A89)

(A90)

(A91)
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Ny = NF + NI

E.5. Log-linear equations: TANK with GHH utility

Ricardian households.

HtM households.

Firms.

(o o) — B (o )
bt = (1 — a) e+ wj
Tt = PR + X Pt
OF
U= _———
WiNGs
Clearing Market.
&=Vt

ct=Ac + (1 —A)cf

NG\ 7 (NK\ g
nm=\|—|n+|—=1n
(Nss> N ) T
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(A96)

(A97)
(A98)

(A99)

(A100)
(A101)

(A102)

(A103)

(A104)
(A105)

(A106)

(A107)

(A108)

(A109)
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F NG\ NEY\ R

Monetary Policy.
it = Onmit + Gyy, + €t (Al12)

E.6. Euler equation in a TANK with CRRA utility

In order to derive the Euler equation for the TANK model with informality, we need to begin
with the following seven equations:

Ricardian households.

wi =Pk + nft (A113)
wR = kwl + (1 — ) wl (A114)
of =Echyy — 1}) (it — Eemeyn) (A115)

HtM households.
wil =P +ynf (A116)
wi =xwi + (1—x)w} (A117)
e (A118)

Firms.

wh=wf + 0| (nf —nf 1) - BE: (nf1 - nf)] (A119)

Now, using equations (A113) to (A115) from the Ricardian households, we can simplify the sys-
tem into two equations:

kWi + (1 — k) wi = \cf + pnf (A120)
of = Escfy — 111, (it — E¢mrer) (A121)

On the other hand, for the HtM Households, plugging equations (A118) and (A117) into equation

(A116) and rearranging, we can reduce the system to a single equation:

1+vy 1+vy
cH:<> wF+<>1— wi A122
t YU XWt Y+ (L—=x)we ( )
Next, given that ¢t = AcH + (1 — A) cR, we can rearrange this to obtain an expression for ck:
1 A
6’5:1—7\“_1—7\6? (A123)

Taking this one period ahead and applying expectations, we have:
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A
Erciiy = B%H_Itiﬁﬂi (A124)

1-A
By substituting equations (A123) and (A124) into equation (A121), we obtain:

¥

To find an expression for cif — [Etcfil, we start with equation (A122), move one period ahead,

ct = Ecpp1 — (it — E¢mtpgq) + A (C{I — Etcg1> (A125)

and take expectations:

1 1
[Etc{il = <y++3/b) X[EthH + <Y++31/)> (1—x%) [EtW{H (A126)

By subtracting equation (A122) from equation (A126) and rearranging terms, we get:

(128) - ed) a5k 0]

The Euler Equation. Finally, we can summarize all equations from (A113) to (A119) into the
following Euler equation, which summarizes the model:

1—A .
Ct = [EtcH—l — 11) (lt — [Et’7'[t+1) + A (C{J — Et‘r{il) (A128)

<m> (c? _ [Etc,fil) =X (WtF - [EtWtFH) +(1-%) (Wg - [EtW£+1) (A129)

T[] =wi—wf (A130)
where T[] = U [Anf — [S[EtAnf . 1]. Now, we can illustrate how the standard TANK and RANK

models are particular cases of the TANK model with informality.
« If A > 0, T'[.] = 0, this corresponds to the standard TANK model*!:

1 1—-A .
ct = Eecrq — (1])) <1 — AQ) (it — Egrreq) (A131)

Q:<1+y><a¢+v>
S \Y+v o

« If A =0,7[.] =0, this gives the standard RANK model:
1 .
ct = Eecrpq — mn (it — Egrregn) (A132)

AlAssuming that the labor supply elasticity for HtM and Ricardian are the same y = .

A33



F.1.

Appendix F. Annex Subsection 4.1

Determinacy analysis

Figure A19: Determinacy analysis

Uniqueness Region: ¢ = 0 (MAS)

S}

—_
oo

—_
=)

—
n

—_
(N}

1

hard leflad
Kah nditions

o
e

risk parameter (1))

o
o

o
~

o
(N

0 0.2 0.4 0.6 0.8 1
HtM share (1))

A34



risk parameter (1))

Figure A20: Determinacy analysis

Uniqueness Region: ¢z = 0.25 (MAS)
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Appendix G. Annex Subsection 4.2

G.1. Multipliers

We can estimate the multiplier of monetary policy. In the context of a TANK model, a mul-
tiplier typically refers to the sensitivity of certain economic variables, such as consumption,
output, or inflation, to changes in the interest rate. In Table A10, we present both the initial
and cumulative multipliers of selected variables in response to changes in the interest rate.

% and the cumula-
€0

Following Cantore and Freund (2021), we define the impact multiplier as
tive multiplier as ) o p° %, where (3 is the discount factor. The impact multiplier represents
the immediate effect of the monetary shock on an endogenous variable, while the cumulative
multiplier reflects the total accumulated effect over time, accounting for the discounting of
future values. Thus, table A10 should be interpreted as follows: given that the shock is mea-
sured in percentage points (p.p.), a reduction of 1 p.p. in the nominal interest rate leads to an
immediate change of 1.37 p.p. in total output and 0.52 p.p. in inflation. For the cumulative
multiplier, a 1 p.p. reduction in the interest rate over five years results in a cumulative change
of 1.36 p.p. in output. The interpretation for other variables is similar. These findings suggest
that the monetary multiplier, or elasticity, is comparable to some TANK estimates for the fiscal

multiplier.
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Table A10: Multiplier in a TANK model with respect to a change in the interest rate

(a) Initial Multiplier

Variable Initial Variable Initial
Multiplier Multiplier
Aggregate output Vi 1.37 Formal wage wf 1.12
Inflation 3e 0.52 Informal wage Wi 3.48
HtM consumption i 4.77 Formal hours nf 1.31
HtM income wH + nf 4.77 Informal hours nf 1.40

(b) Cumulative Multiplier

Variable Cumulative Variable Cumulative
Multiplier Multiplier
Aggregate output Vi 1.36 Formal wage wf 2.23
Inflation U 0.49 Informal wage Wi 3.08
HtM consumption cH 4.33 Formal hours  nf 1.44
HtM income wH 4 nH 4.33 Informal hours nl 1.34

Note: This table summarizes the effects of an unanticipated change on interest rate on selected economic variables
in the TANK model. The panel (a) presents the initial multiplier, which measure the immediate response of each
variable to the shock. The panel (b) shows the cumulative multiplier, which capture the total accumulated response

over a 5-year period. In the context of the model, where the steady-state value of the shock is zero, the impact
multiplier is computed as %, and the cumulative multiplier as } o2, B° %, where f3 is the discount factor. All

values are in absolute value.

A37



G.2. TANK-interest rate shock with\ = 1and A = 0.3

Figure A21: Unexpected rise on interest rate: Peruvian economy with{ = 1and A = 0.3
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G.2.1. The Peruvian Labor Market

Table A11: Calibrated Parameters for CRRA utility function

Parameter Interpretation
Phillips Curve Parameters
B 0.99 | Discounting factor
0 0.75 | % of firms who do not update prices
Monetary Policy Parameters
b 1.5 Inflation coefficient in interest rate rule
by 0.5 Output coefficient in interest rate rule
P 0.5 Persistence of shock of MP
Op 0.03 | S.D of shock of MP
Firms
o 1 Parameter in production function
13 6 Elasticity of substitution among
differentiated goods
Households
Y 2 Inverse of Frisch elasticity (HtM HHs)
® 2 Inverse of Frisch elasticity (Ricardian
HHs)
¥ 0.1 Relative risk aversion
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Table A12: Calibrated Parameters for GHH utility function

Parameter Interpretation
Phillips Curve Parameters
B 0.99 | Discounting factor
0 0.75 | % of firms who do not update prices
Monetary Policy Parameters
br 1.5 Inflation coefficient in interest rate rule
by 0.5 Output coefficient in interest rate rule
p 0.5 Persistence of shock of MP
0p 0.03 | S.D of shock of MP
Firms
o 1 Parameter in production function
€ 6 Elasticity of substitution among
differentiated goods
Households
Y 2 Inverse of Frisch elasticity (HtM HHs)
® 2 Inverse of Frisch elasticity (Ricardian
HHs)
Vv 0.067 | Relative risk aversion
0 1 Preference parameter
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Figure A22: Unexpected rise on interest rate: output and inflation

(a) CRRA utility function (b) GHH utility function
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Note: The graphs show the dynamics of total output and inflation over four quarters under different economic
models (RANK and three variants of TANK) and utility functions (CRRA and GHH). The RANK (Representative
Agent New Keynesian model), represented by the blue dashed line, assumes no hand-to-mouth (HtM) households
(A = 0) and an equal split of Ricardian households between formal (kx = 0.5) and informal jobs (1 — k = 0.5). The
TANK (Two-Agent New Keynesian) models include three variants, each with different allocations: TANK (1), shown
by the red line, assumes that HtM households make up 60% (A = 0.6) of the total, with both Ricardian and HtM
households equally split between formal (x = 0.5,x = 0.5) and informal jobs (1 — k = 0.5,1 — x = 0.5). TANK
(2), depicted by the green line, also assumes that HtM households constitute 60% (A = 0.6) of the total, but with
most Ricardian households in informal jobs (xk = 0.1) and most HtM households in formal jobs (x = 0.9). TANK
(3), represented by the black line, maintains the same proportion of HtM households (A = 0.6) but assumes most
Ricardian households have formal jobs (k = 0.9) while most HtM households have informal jobs (x = 0.1). On the
other hand, for the GHH utility function, we use { = 0.067, which is the maximum value of \ that ensures stability
given the same parameters as in the case of the CRRA utility function.
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Figure A23: Unexpected rise on interest rate: labor market

(a) CRRA utility function (b) GHH utility function
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Note: The graphs show the dynamics of formal and informal wages and hours over four quarters under different
economic models (RANK and three variants of TANK) and utility functions (CRRA and GHH). The RANK (Represen-
tative Agent New Keynesian model), represented by the blue dashed line, assumes no hand-to-mouth (HtM) house-
holds (A = 0) and an equal split of Ricardian households between formal (x = 0.5) and informal jobs (1 — k = 0.5).
The TANK (Two-Agent New Keynesian) models include three variants, each with different allocations: TANK (1),
shown by the red line, assumes that HtM households make up 60% (A = 0.6) of the total, with both Ricardian and
HtM households equally split between formal (x = 0.5,x = 0.5) and informal jobs (1 — k = 0.5,1 — x = 0.5). TANK
(2), depicted by the green line, also assumes that HtM households constitute 60% (A = 0.6) of the total, but with
most Ricardian households in informal jobs (k = 0.1) and most HtM households in formal jobs (x = 0.9). TANK
(3), represented by the black line, maintains the same proportion of HtM households (A = 0.6) but assumes most
Ricardian households have formal jobs (k = 0.9) while most HtM households have informal jobs (x = 0.1). On the
other hand, for the GHH utility function, we use { = 0.067, which is the maximum value of 1 that ensures stability
given the same parameters as in the case of the CRRA utility function.
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G.3. The U.S. Labor Market

Table A13: Calibrated Parameters for the US economy

Parameter Interpretation
Phillips Curve Parameters
B 0.99 | Discounting factor
0 0.75 | % of firms who do not update prices
Monetary Policy Parameters
b 1.5 Inflation coefficient in interest rate rule
by 0.5 Output coefficient in interest rate rule
P 0.5 Persistence of shock of MP
Op 0.03 | S.D of shock of MP
Firms
o 1 Parameter in production function
13 6 Elasticity of substitution among
differentiated goods
Households
Y 2 Inverse of Frisch elasticity (HtM HHs)
® 2 Inverse of Frisch elasticity (Ricardian
HHs)
VP 1 Relative risk aversion
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Baseline k = 0.5 and k = 0.5.

Figure A24: Unexpected rise on interest rate: output and inflation

(a) CRRA utility function A = 0.1 (b) CRRA utility function A = 0.3
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Note: The graphs show the dynamics of total output and inflation over four quarters under different economic
models (RANK and three variants of TANK) and different proportions of hand-to-mouth households (A). The RANK
(Representative Agent New Keynesian model), represented by the blue dashed line, assumes no HtM households,
and Ricardian households are divided between formal (x = 0.5) and informal jobs (x = 0.5). The TANK (Two-
Agent New Keynesian) models include three variants with different allocations: TANK (1), shown by the red line,
assumes that both Ricardian and HtM households are divided between formal (xk = 0.5,x = 0.5) and informal jobs
(1 — k = 0.5,1 —x = 0.5). TANK (2), depicted by the green line, assumes that most Ricardian households have
informal jobs (x = 0.1) while most HtM households have formal jobs (x = 0.9) . TANK (3), represented by the black
line, assumes most Ricardian households have formal jobs (xk = 0.9) while most HtM households have informal
jobs (x = 0.1).
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Figure A25: Unexpected rise on interest rate: labor market

(a) CRRA utility function A = 0.1 (b) CRRA utility function A = 0.3
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Note: The graphs show the dynamics of total output and inflation over four quarters under different economic
models (RANK and three variants of TANK) and different proportions of hand-to-mouth households (A). The RANK
(Representative Agent New Keynesian model), represented by the blue dashed line, assumes no HtM households,
and Ricardian households are divided between formal (x = 0.5) and informal jobs (x = 0.5). The TANK (Two-
Agent New Keynesian) models include three variants with different allocations: TANK (1), shown by the red line,
assumes that both Ricardian and HtM households are divided between formal (xk = 0.5,x = 0.5) and informal jobs
(1 — k = 0.5,1 —x = 0.5). TANK (2), depicted by the green line, assumes that most Ricardian households have
informal jobs (k = 0.1) while most HtM households have formal jobs (xk = 0.9) . TANK (3), represented by the black
line, assumes most Ricardian households have formal jobs (k = 0.9) while most HtM households have informal
jobs (x = 0.1).
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Baseline k = 0.9 and k = 0.9.

Figure A26: Unexpected rise on interest rate: output and inflation

(a) CRRA utility function A = 0.1 (b) CRRA utility function A = 0.3
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Note: The graphs show the dynamics of total output and inflation over four quarters under different economic
models (RANK and three variants of TANK) and different proportions of hand-to-mouth households (A). The RANK
(Representative Agent New Keynesian model), represented by the blue dashed line, assumes no HtM households,
and Ricardian households are divided between formal (x = 0.9) and informal jobs (x = 0.9). The TANK (Two-
Agent New Keynesian) models include three variants with different allocations: TANK (1), shown by the red line,
assumes that both Ricardian and HtM households are divided between formal (xk = 0.9,x = 0.9) and informal jobs
(1 — k = 0.1,1 —x = 0.1). TANK (2), depicted by the green line, assumes that most Ricardian households have
informal jobs (x = 0.2) while most HtM households have formal jobs (x = 0.7) . TANK (3), represented by the black
line, assumes most Ricardian households have formal jobs (xk = 0.7) while most HtM households have informal
jobs (x = 0.2).
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Figure A27: Unexpected rise on interest rate: labor market

(a) CRRA utility function A = 0.1 (b) CRRA utility function A = 0.3
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Note: The graphs show the dynamics of formal and informal wages and hours over four quarters under different
economic models (RANK and three variants of TANK) and different proportions of hand-to-mouth households (A).
The RANK (Representative Agent New Keynesian model), represented by the blue dashed line, assumes no HtM
households, and Ricardian households are divided between formal (x = 0.9) and informal jobs (x = 0.9). The TANK
(Two-Agent New Keynesian) models include three variants with different allocations: TANK (1), shown by the red
line, assumes that both Ricardian and HtM households are divided between formal (kx = 0.9,x = 0.9) and informal
jobs (1 — k = 0.1,1 —x = 0.1). TANK (2), depicted by the green line, assumes that most Ricardian households have
informal jobs (k = 0.2) while most HtM households have formal jobs (xk = 0.7) . TANK (3), represented by the black
line, assumes most Ricardian households have formal jobs (k = 0.7) while most HtM households have informal
jobs (x = 0.2).

G.4. Local Projection estimations

In this section, we evaluate the main conclusions of our TANK model, as discussed in Sec-
tion 5. The model suggests that monetary policy is more effective under two key conditions:
(1) a high proportion of "hand-to-mouth" individuals, and (2) a significant level of labor infor-
mality. Based on this, we hypothesize that countries with both high informality and a large
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share of hand-to-mouth individuals should exhibit a stronger response to monetary policy in-
terventions. Emerging economies are natural candidates for these characteristics, and thus
we expect to observe a greater output response to monetary shocks in emerging economies

compared to advanced economies.

To test this hypothesis, we draw on estimates from Deb et al. (2023), who construct mone-
tary policy shocks for 33 countries spanning from 1991Q2 to 2023Q2. This study is well-suited
for testing our model’s predictions for several reasons. First, it includes both advanced and
emerging markets. Second, the identification strategy used by Deb et al. (2023) follows the
methods of Romer and Romer (2004) and Cloyne and Hiirtgen (2016), aligning with estab-
lished approaches for isolating exogenous monetary shocks®? like Miranda-Agrippino and
Ricco (2021). Third, the consistent use of this methodology across the entire sample ensures
uniform construction of monetary shocks, which is crucial for comparing advanced and emerg-
ing economies. Fourth, Deb et al. (2023) utilize a local projection framework to assess the
impact of monetary policy on GDP and inflation, a method recognized for its robustness (Mon-
tiel Olea and Plagborg-Mpller, 2021). Finally, they evaluate the effects of a 100 basis point (bps)
monetary policy shock, directly in line with our own analysis.

The findings are presented in figure 19, with Panel (a) illustrating the response of log real
GDP and Panel (b) showing changes in the log Consumer Price Index (CPI). In Panel (a), the im-
pulse response functions indicate that GDP responses in emerging economies are significantly
stronger than those in advanced economies. In contrast, Panel B shows a slightly stronger in-
flation response in advanced economies, though these differences are not statistically signifi-
cantat 90%. These results are consistent with the predictions of our TANK model. We attribute
the stronger output response in emerging economies to higher levels of informality and lim-
ited access to financial services—both common characteristics of these markets. In contrast,
advanced economies, with lower informality and broader financial access, exhibit smaller out-
put responses to monetary policy shocks. The local projection estimations and identification
strategy thus align well with our model’s predictions.

A2ps described by Deb et al. (2023): “First, we calculate forecast errors in short-term rates by subtracting interest rate
forecasts from realized interest rates. Next, we extract the part of these forecast errors that is orthogonal to the state of the
economy by regressing the forecast errors on changes and forecasts of growth, inflation, and other predetermined macroeco-
nomic variables.”

A48



Figure A28: IRFs to an unexpected monetary shock of 100 bps
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Note: AEs: Advanced Economies. EMs: Emerging Economies. The solid line represents the point estimate, the
dashed line the 68% confidence interval, and the short-dashed line the 90% confidence interval. IRFs based on
local projection methods following Jorda (2005) using an unbalanced panel of quarterly data for 33 countries from
1990 to 2019. Source: Deb et al. (2023).
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