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Abstract

This thesis contains three chapters on monetary-fiscal interactions in Emerging

Market and Developing Economies.

Governments in emerging markets and developing economies (EMDE:s)
frequently intervene in agricultural markets to stabilize food prices following
adverse shocks. These interventions often take the form of large-scale food
procurement and redistribution, which we define as a redistributive policy shock.
This chapter examines the effects of such shocks on inflation and the distribution
of consumption between rich and poor households. We develop a tractable
two-sector, two-agent New Keynesian DSGE model and estimate its parameters
for the Indian economy using Bayesian methods. Our findings reveal that under
an inflation-targeting regime, consumer heterogeneity plays a crucial role in
determining whether monetary policy responses to various shocks enhance or

reduce aggregate welfare.

The second chapter evaluates the welfare implications of redistributive policy
shocks under alternative monetary policy regimes. Building on Chapter 1, which
finds that redistributive policy shocks are inflationary and expansionary in terms
of aggregate output, we assess how different monetary responses alter welfare
outcomes. Following Schmitt-Grohe Uribe (2007), we compute consumption-
equivalent welfare gains to compare the welfare cost of these shocks under the

optimised simple monetary rule and the planner’s solution (Ramsey Optimal

Xiii



Monetary Policy). The optimal rule features no interest rate smoothing, a
strong response to inflation, and a limited reaction to output. Our findings
demonstrate the critical role of monetary policy in shaping the welfare impact
of redistributive shocks. We further compare these welfare effects to those
of an agricultural productivity shock and show that the steady-state level of
redistribution significantly affects the relative costs of redistribution-driven
fluctuations. We find that non-optimised rules lead to significantly higher welfare

costs than optimised simple rules.

In the third chapter, we study the interactions between informality, underdevel-
oped financial markets and fiscal consolidation by developing a two-sector, two-
agent medium-scale NK-DSGE model that allows public expenditure and private
consumption to be either substitutes or complements. While there is a large
literature that tries to understand the effects of fiscal consolidation in AEs, there
1s a relatively small literature on fiscal consolidation in EMDEs. We find that
greater informality dampens the reduction in public debt from a contractionary
fiscal policy shock. We find tax-based shocks to exhibit greater decline in debt
at the cost of a greater contraction in output than spending-based shocks. Our
analysis suggests that a fiscal consolidation shock can be expansionary when
private consumption and public spending exhibit moderately-high substitutability

consistent with the literature on expansionary fiscal consolidations.
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Chapter 1

Introduction

1.1 Motivation

Emerging market and developing economies (EMDEs) have certain characteris-
tics that distinguish them from advanced economies (AEs). They have weaker
law enforcement, underdeveloped financial markets, greater reliance on uncom-
petitive or public sector banks for sources of finance, weaker fiscal capacity
and reliance on seigniorage for revenues, restrictive regulatory frameworks,
greater pressures of fiscal dominance and consequently a lower credibility of the

monetary authority. These make fiscal-monetary policy coordination difficult.

EMDEs are vulnerable to external shocks such as trade disruptions and global
price shocks, are susceptible to large exchange rate movements in the presence
of capital flows, susceptible to sudden stops (Ghate & Kletzer 2016) and have

sovereign spreads sensitive to world interest rate (Johri et al. 2022)). Unlike AEs,
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capital flows are destabilising and amplify economic cycles (as discussed in
Frankel (2010)). Volatile fiscal policy in terms of spending and deficits increases

uncertainty for monetary authorities and complicates coordination.

In terms of policy, while monetary policy transmission is weaker in EMDESs
due to weaker links with external financial markets, less competitive formal
financial sectors, liquidity-constrained money markets, thinly-traded bond
markets and sector-dependent stock markets size of the agriculture sector the
presence of a large share of economic activity outside the ambit of taxation makes
the conduct of fiscal policy challengingﬂ Figure|l.1/shows the average levels of
informal sector share in official GDP and employment outside the formal sector
from the Informal Economy Database, ILO by regiorﬂ World Development
Indicators show that the average share of value added by agriculture, forestry
and fishing between 1990-2024 was 27.24% for low-income countries, 10.84%

for middle-income countries and 1.50 for high-income countries.

!'See Mishra et al. (2016) for evaluation of monetary policy transmission in India.

2As raising taxes in the formal sector leads to diversion of economic activity (Dellas et al. 2024), governments
in EMDEs engage in financial repressions to raise resources (Reinhart & Sbrancia2015)) which lower the supply
of credit and may results in unconventional monetary policy having counterproductive effects (Ankit Kumar et al.
2025)).

“This is based on the estimates of shadow economy in Medina & Schneider (2019) using the multiple indicator-
multiple cause approach
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Figure 1.1: Average Informal output and employment (2000-2020) (%)

Source: ILO Informal Economy Database (2021) & IMF classification (2025)

Given the substantial share of the population employed in weather-dependent
agriculture, governments in EMDEs frequently implement extensive policy
interventions—particularly in the form of producer and consumer subsidies.
These measures aim to promote rural economic development, reduce reliance
on agricultural exports, shield vulnerable populations from the adverse effects
of domestic and global commodity price volatility, and enhance food security
for low-income households. Thus, the presence of a large agricultural sector
has implications for the conduct of fiscal policies and renders the monetary

transmission weaker in EMDEs. [l

In this thesis, we examine the implications of three structural characteristics
of EMDE:s (e.g. large agricultural sectors, informality in production and the
presence of rule-of-thumb agents) for key macroeconomic aggregates. We
analyse the distributional effects of policy interventions in the agricultural sector

and their welfare implications. We examine fiscal consolidation in economies

“See Amaglobeli et al. (2024) for details on agricultural price subsidies
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with large informal sectors. These features pose challenges for monetary and
fiscal policy transmission, policy coordination and macroeconomic stabilization
under inflation targeting. We examine these issues within a comprehensive
analytical framework using a two-sector two-agent NK-DSGE (2S-TANK) setup.
The subsequent sections present an overview of the research questions, the

methodology adopted, and summarize the key findings of the study.

1.2 Redistributive Policy Shocks and Monetary Policy in a
Model with Heterogeneous Agents

EMDEs are characterized by a high reliance on agriculture for both output
and employment. Governments in these economies frequently intervene in
agricultural markets to ensure an assured market for producers and to maintain
availability, affordability, and accessibility of food for consumers. Such interven-
tions aim to protect vulnerable populations from food-price volatility—arising
from domestic and global supply shocks—while guaranteeing remunerative
prices for farmers. These policies typically involve the procurement of staples
and their redistribution at subsidized rates through public distribution systems

(PDS).

In this paper, we model these interventions as policy shocks. While prior work,
such as Ghate et al. (2018) has focused on the procurement aspect of government
intervention, the procurement and redistribution mechanisms have not been
incorporated into a dynamic general equilibrium framework. Other studies,
including Pourroy et al. (2016), Ginn & Pourroy (2019), and Ginn & Pourroy
(2022), have examined agricultural interventions as food-price subsidy shocks,

whereas Chakraborty et al. (2025) compares the effects of input subsidies and
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minimum support prices for staple crops. Our approach builds on this literature
by explicitly modelling the dual objectives of market stabilisation and food

security in a dynamic setting.

The main methodological contribution of our framework is that we extend
the two-agent New Keynesian, 1.e., TANK-DSGE framework of Debortoli
& Gali (2017) to two sectors (agriculture and manufacturing) in a tractable
way. We estimate the model using Bayesian methods following Schorftheide
(2000) and Fernandez-Villaverde & Rubio-Ramirez (2004). In our setup, the
agriculture sector is perfectly competitive, while the manufacturing sector
exhibits nominal rigidities. We study the transmission of a supply-side shock
(agricultural productivity shock), a demand-side shock (monetary policy shock)
and a combined shock (the redistributive policy shock) and evaluate the role
of two agents and two sectors in driving the results. In our model, consumer
heterogeneity interacts with inter-sectoral dynamics to determine the differential
response of rich and poor consumption, and therefore aggregate demand to

shocks.

We find that a positive agricultural productivity shock leads to a decline in
inflation, an increase in the output gap, a rise in both poor and rich consumption,
and higher welfare. We define welfare in the model to explicitly depend on
aggregate consumption. In contrast, a procurement and redistributive policy
shock causes higher inflation, an increased output gap, greater consumption
by the poor, and higher overall consumption in the economy, even though
such shocks raise inflation and lead to a decline in the consumption of the rich.
Because of the redistributive effect, the rise in poor consumption makes aggregate

consumption rise. We find that in models with two sectors, the presence of a
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flexible price sector creates a large deflation in the economy in response to a
contractionary monetary policy shock. We find that a higher share of agricultural

employment lowers the effectiveness of monetary policy.

1.3 Welfare Consequences of Redistributive Policy Shocks

In this chapter we compute the welfare costs of reditsributive policy shocks
described in Chapter 1. We compute consumption-equivalent welfare gains
following Lucas (1987) and Schmitt-Grohe & Martin Uribe (2007) to calculate
the amount of steady-state consumption that agents would like to forego to avoid
volatility induced by these shocks. We compute welfare based on two criteria -
the planner’s solution (Ramsey Optimal Monetary Policy) and optimal simple
rules (OSR). We compare optimised and non-optimised rules to the planner’s
solution. To get a relative perspective, we compare the welfare costs for an

agricultural productivity shock.

Our results indicate that the welfare costs of redistributive policy shocks are
relatively modest. Wealthier households are willing to forgo between 0.0096%
and 0.0120% of their steady-state consumption to eliminate such shocks, whereas
poorer households would sacrifice between 0.0161% and 0.0350% for the same
outcome. We also find that redistributive shocks impose higher welfare costs
than agricultural productivity shocks. The optimised simple policy rule for
managing redistributive shocks prescribes no interest-rate smoothing or output-
gap stabilisation but a strong response to inflation. In contrast, non-optimal
monetary policy responses to redistributive policy shocks magnify welfare losses
for both types of households. Notably, the utilitarian Ramsey planner does not

identify full inflation stabilisation as optimal.
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1.4 Informality and Fiscal Consolidation

The COVID-19 pandemic led to a resurgence of interest in ensuring fiscal
sustainability. Reducing sovereign debt requires fiscal consolidation policies.
How should the government achieve this? While there is consensus that
spending-based shocks are less distortionary (Alesina & Ardagna (2010), Alesina
et al. (2019a), and Alesina et al. (2019b)), and it may even be self-financing
in the absence of a monetary policy response (DelLong et al. (2012)) for
advanced economies, the empirical results for Emerging Market and Developing
Economies are mixed. While Dellas et al. (2024) finds tax-based consolida-
tions to lead to a decline in economic activity and a further increase in tax
rates, Carriere-Swallow et al. (2021) finds tax-based and spending-based fiscal
consolidations to have a similar impact on output. While most studies find
spending-based consolidations to be contractionary, Dave et al. (2021) shows
expansionary fiscal consolidations to hold in a small open economy (SOE) real
business cycle model when public and private goods are perfect substitutes in

consumption.

This chapter examines the impact of informality on the effectiveness of fiscal
consolidation shocks. We motivate our models with evidence that countries
with larger informal sectors have a slower rate of reduction of debt-output ratios.
We build a two-sector TANK model and highlight the mechanism behind the
impact of spending and tax-based fiscal consolidation shocks on the economy.
Our results corroborate the findings of Alok Kumar (2023) and Colombo et al.
(2024), who find that the presence of larger informal sectors impedes fiscal
consolidations. We find that capital income tax shocks are more effective in

lowering the debt-output ratio, but are more contractionary consistent with the
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results of the AEs and some evidence for EMDEs. Capital income tax shocks lead
to an expansion of the informal sector and resource allocation towards the less-
productive sector. In contrast, spending-based consolidations raise investment
in both sectors. We show that fiscal consolidation may not be contractionary
when public and private consumption are substitutable. The advantage of our
2S-TANK framework is that it allows us to trace out the consumption responses
of Ricardian and hand-to-mouth agents. This is suggestive of fiscal consolidation

having a differential impact on different types of agents.

1.5 Summary

My thesis makes several important contributions. First, I contribute to a
small but growing literature on monetary-fiscal interactions in EMDEs with
a large informal sector. Because the analysis is conducted using an NK-DSGE
framework, the insights obtained are relevant for the macroeconomic framework
under inflation targeting. Second, I evaluate the macroeconomic effects of
sector-specific fiscal policy shocks by extending the NK-DSGE model to include
two sectors and two agents. This is done in a tractable way. Third, my thesis
contributes to a growing literature on business cycle analysis in EMDEs, and the
policy insights would be useful to policymakers in Central Banks in countries

with a large informal sector.




Chapter 2

Redistributive Policy Shocks and Monetary
Policy in a Model with Heterogeneous

Agents

2.1 Introduction

Governments in many emerging market and developing economies (EMDE:5)
routinely intervene in their agricultural markets. Higher food security norms, for
instance, require an increase in the redistribution of agricultural output to the
poorest population in a country. Other interventions involve the procurement and
redistribution of food to minimise food price volatility in the wake of domestic

(e.g., poor rainfall) or external (e.g., global commodity price) shocks.

I'This chapter is joint work with Chetan Ghate (ISI Delhi) and Debdulal Mallick (Deakin University, Melbourne).
This paper is forthcoming in Journal of Money, Credit and Banking DOI: 10.1111/jmcb.70025.
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Redistributive Policy Shocks and Monetary Policy in a model with Heterogenous Agents

There are many examples of these types of interventions. In 2013, India
enacted a new National Food Security Act (NFSA) under the umbrella of a new
"rights-based" approach to food security. The Act legally entitles "up to 75% of
the rural population and 50% of the urban population to receive subsidized food
grains" under a Targeted Public Distribution System 1.e., about two-thirds of
the population is legally entitled to receive food grains at highly subsidized prices
under the new act. The ostensible goal is to smooth the purchasing power of poor
populations that are food insecure. The National Food Authority (NFA) in the
Philippines is mandated to purchase and distribute rice and other commodities.
In response to the rise in global grain prices in the last quarter of 2007, the
Philippine government increased funding to support its Economic Resiliency
Program, which included the expansion of the rice production enhancement
initiative known as "Ginintuang Masaganang Ani". The total fiscal cost of the
NFA rice subsidy jumped to 0.6% of GDP in 2008 compared to 0.08% of GDP
in 2007 (Balisacan et al. 2010). In Bangladesh, the government has intervened in
food markets for several years in order to reduce price fluctuations and procure
rice for safety net programs (Hossain & Deb |2010). To ensure food security in
Indonesia in 2008, the Indonesian government, through its BULOG operational
strategy doubled the amount of rice distributed to cover all poor families under
the RASKIN program through targeted market operations requested by local
governments. Regular rice distribution for the poor was achieved by increasing
domestic rice procurement. BULOG’s heavy procurement added to demand,
helping farmers maintain prices at a profitable level (Saifullah 2010). The Korean
government also motivates its agricultural policy for food security reasons based

on self-sufficiency (Beghin et al. 2003)).

2See https://nfsa.gov.in/portal/NFSA-Act

10



Redistributive Policy Shocks and Monetary Policy in a model with Heterogenous Agents

Interventions such as the enactment of a new NFSA with wider coverage,
or surprise government interventions when there are large price shocks in food
commodities, such as the world rice price crisis of 2008, have two salient
features. First, they typically imply higher procurement and redistribution of
food commodities by the government to households. This raises the food subsidy
to the household. Second, such interventions are conducted at a relatively high
frequency, i.e., several times within a year. We refer to frequent interventions by
the government in agriculture markets as redistributive policy shocks The main
research questions that this chapter addresses is: how should monetary policy
respond to redistributive policy shocks? What is the impact of redistributive
policy shocks on the sectoral and aggregate dynamics of inflation and rich
and poor consumption? The novel part of our analysis is that we allow for
government intervention in the agriculture market in a way that captures the

essence of procurement and redistribution style interventions in EMDEs.

We build a two-sector (agriculture and manufacturing) two agent (rich and
poor) New Keynesian DSGE model. Our theoretical model builds on earlier
work by Debortoli & Gali (2017), Aoki (2001), and Ghate et al. (2018]). The
main methodological contribution of our framework is that we extend the two
agent New Keynesian, i.e., TANK-DSGE framework of Debortoli and Gali to
two sectors (agriculture and manufacturing) in a tractable way. On the production

side, the agriculture sector is perfectly competitive with flexible prices while the

3Redistributive policy is often viewed as countercyclical: procurement rises and redistribution falls in periods
of high agricultural output (e.g., bumper crops), while procurement declines and transfers increase during adverse
shocks such as droughts or floods. Under this interpretation, fiscal policy acts primarily as an automatic stabiliser
rather than as an independent source of demand. Exploring the transmission mechanisms of various shocks
in the presence of countercyclical redistributive policy requires careful modelling of the buffer stocks and is
left for future work. As the minimum support price (MSP) is announced at the beginning of the cropping
season in India, it influences farmers’ production and crop-choice decisions ex ante (See Shoumitro Chatterjee
et al. (2024), and https://www.pib.gov.in/PressReleasePage.aspx?PRID=2177219&reg=3&
lang=2)), implying that procurement policy also has forward-looking and demand-creating effects. We therefore
model redistributive policy as an exogenous policy shock.
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manufacturing sector is characterized by monopolistic competition and sticky
prices. As in Debortoli and Gali, we assume that there are two types of agents,
rich and poor. Rich agents are Ricardian and buy one period risk free bonds. Poor
agents are assumed to be rule of thumb consumers. Both types of households
consume both types of goods. To provide the subsidized agriculture good to the
poor, the government imposes a lump sum tax on the rich and uses the proceeds
to procure agricultural output from the open market. It then re-distributes a
fraction of the procured agriculture good to the poor. Higher redistribution and
procurement, by leading to a higher subsidy of the agriculture good to the poor
leads to a larger reduction in the poor’s market expenditures on the agriculture
good. Further, we assume that rich agents have a higher intertemporal elasticity
of substitution (IES) of consumption compared to the poor which affects their
labour supply decisions differentially in response to changes in the real wageﬂ

We calibrate the model to India, an economy subject to frequent government

interventions in the agriculture marketE] From the impulse response functions
(IRFs), we identify the transmission mechanism of agricultural productivity
shocks, redistributive policy shocks, and monetary policy shocks to sectoral
inflation rates, the economy wide inflation rate, and consumption of rich and
poor agents. We compare our results to a variety of benchmarks that emerge
as special cases from our framework: a two sector representative agent NK
framework along the lines of Aoki, a one sector two agent NK DSGE model

along the lines of Debortoli and Gali, and the simple one sector one agent NK

“In Debortoli and Gali, all agents have the same intertemporal elasticity of substitution. Our assumption is
driven by estimates of different intertemporal elasticity of substitution parameters for rich and poor households from
Indian household data. See Atkeson & Ogaki (1996). Our assumption is consistent with the DSGE literature on the
macroeconomic evaluation of LSAPs (large scale asset purchase programs), where the intertemporal elasticity of
substitution across households is assumed to be different. See Chen et al. (2012).

SIndia is an EMDE with a large agriculture sector and has less reliance on imports for meeting its food security
needs - closer to our closed economy model.
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model in Gali (2015).@ This allows us to isolate the impact of demand side
factors (consumer heterogeneity) and supply side factors (multiple sectors) in
determining sectoral and aggregate inflation rates, and rich and poor consumption
in response to these shocks. We show that a positive agricultural productivity
shock leads to a decline in inflation, a rise in the output gap, a rise in both poor
and rich consumption, and higher welfare. We define welfare in the model to
explicitly depend on aggregate consumption, as is standard in the literature. In
contrast, a procurement and redistributive policy shock leads to higher inflation,
a higher output gap, higher consumption of the poor and higher aggregate
consumption in the economy, even though such shocks raise inflation, and there
is a decline in consumption of the rich. Because of the redistributive effect, the
rise in poor consumption makes aggregate welfare rise. Compared to the Aoki
model, since the poor receive a fraction of their agriculture consumption for free
(via the redistributive shock) and spend a higher share of their income on the
agriculture good compared to the rich, the market demand for the agriculture
good is less, and so the inflationary impact of a procurement and redistributive
policy shock is much lower in our model compared to the Aoki model (where
there is no redistribution). In an extension of the model, we show that our results
on the rise in welfare because of a procurement and redistributive policy shock
are robust to assuming 1) non-homothetic preferences, and ii) labour immobility

across sectors.

A recent focus in the monetary policy literature explores the impact of

monetary policy in the presence of consumer heterogeneity (see McKay et al.

®Both productivity shock and procurement and redistributive policy shock IRFs are benchmarked only to the
Aoki model since Aoki has two production sectors while both Debortoli and Gali and Gali (2015, Chapter 3) have a
single sticky price manufacturing sector. In the case of Debortoli and Gali, their framework assumes incomplete
markets, ours has complete markets. Parameter restrictions that yield their model can therefore be seen as an
approximation of their framework.
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2016, Kaplan et al. 2018, Auclert 2019, and Broer et al. 2020). As in this research,
we ask how heterogeneity matters for whether monetary policy responses
to shocks raise aggregate welfare or not? Why is it important to take into
account heterogeneity? In our model consumer heterogeneity interacts with
rich inter-sectoral dynamics to determine the differential response of rich and
poor consumption, and therefore aggregate demand to shocks. We therefore
compare our two-sector TANK model under a contractionary monetary policy
shock with the simple NK framework in Gali (2015, Chapter 3), the Aoki model,
and Debortoli and Gali. In models with two sectors (our model and Aoki’s) the
presence of a flexible price sector creates a large deflation in the economy in
response to a monetary tightening by the monetary authority. This is because
a rise in the nominal interest rate leads to the inter-temporal substitution of
consumption, as in the standard NK model, which causes a reduction in aggregate
demand and a decline in the aggregate price level and inflation. This decline
becomes more pronounced when there is a flexible price sector in addition to a
sticky price sector. Since the shock is of one period, agricultural inflation returns
to the steady state in the next period. Manufacturing inflation, however, recovers,
gradually, because of the sticky price assumption in all models. Crucially, in
our model and Aoki’s model, real interest rates increase by less, and therefore
rich and poor consumption falls be less compared to Debortoli and Gali and the
simple NK model. The decline in aggregate consumption, therefore, is also less
in our model and Aoki’s model compared to the simple NK model and Debortoli
and Gali. In all cases, consumer heterogeneity interacts with rich intersectoral

dynamics to determine the general equilibrium responses to a variety of shocks.

An interesting insight from our analysis is that when the employment share

of the manufacturing sector rises, output adjusts more compared to an economy
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with a higher share of the agriculture/flexible price sector, and the effectiveness of
monetary policy is comparatively more. Our model therefore provides a rationale
for why monetary policy is ineffective in economies with a large agriculture

sector.

Our two sector-two agent NK framework builds on the seminal work by
Gali & Monacelli (2005), Aoki (2001), and Debortoli & Gali (2017). The
main difference with respect to these papers is that Gali and Monacelli (2005)
consider an open economy framework, whereas we consider a closed economy
framework. In Aoki (2001) there are two production sectors, a flexible price
agriculture sector that is perfectly competitive, and a sticky price manufacturing
sector that is monopolistically competitive. The production side of our model
is similar to Aoki’s model. However, Aoki’s model has a single representative
agent. In our model, we allow for two types of agents, rich (Ricardian) and
poor (rule of thumb) with different intertemporal elasticities of substitution in
consumption and different budget constraints. Another difference with respect
to Aoki (2001) is that the government in our model taxes rich agents, procures
grain from the agriculture sector, and redistributes the agriculture good to poor

agents. In Aoki’s framework there is no government intervention.m

Debortoli & Gali (2017) build a DSGE model in which agents are Ricar-
dian/rich and rule of thumb/poor. They show that a tractable TANK model
provides a good approximation to study the impact of aggregate shocks to
aggregate variables in a baseline HANK (Heterogenous agent New Keynesian)
model. In Debortoli & Gali (2017)), there is however only one production sector

(sticky price sector). The main methodological contribution of our work is to

"Gali et al. (2007) use a two-agent framework (rule of thumb and Ricardian) to account for evidence on
government spending shocks, but their focus is on fiscal policy, not monetary policy.
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extend the two agent-one sector framework of Debortoli and Gali to two sectors

in a tractable way.

This chapter builds on previous work in Ghate, Gupta, Mallick (2018), or
GGM. In GGM, there are three production sectors (grain, vegetables, and
manufacturing). In that framework, all three sectors are monopolistically
competitive, with the agriculture sector having flexible prices. The manufacturing
sector is the sticky price sector. In the current framework, there are two
production sectors (agriculture, manufacturing). Unlike GGM, the agriculture
sector is just characterized by a grain sector which is assumed to be perfectly
competitive. Like GGM, the manufacturing sector is the sticky price sector. In
GGM, there is a single representative agent, i.e., it is a RANK (Representative
Agent New Keynesian) model. Our model has two types of agents.ﬂ Like GGM
however, our model illustrates how the terms of trade between agriculture and
manufacturing is central to the transmission of monetary policy changes to

aggregate outcomes.

We build on a growing literature on heterogeneous agent New Keynesian
(HANK) models. The main methodological contribution we makes is to merge a
two sector production structure along the lines of Aoki with a TANK framework
along the lines of Debortoli and Gali to understand the impact of redistributive
policy shocks and its implications for monetary policy using a tractable New

Keynesian DSGE framework.

8In the current framework, we do not model minimum support prices as we did in GGM. Our focus is to study
the impact of redistributive policy shocks on rich-poor consumption and sectoral and aggregate inflation dynamics,
and monetary policy setting in this context.
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2.2 The Model

The model has two sectors: agriculture (A) and manufacturing (M). The A-
sector is characterized by perfect competition and flexible prices, and produces
a single homogeneous good. The M-sector is characterized by monopolistic
competition and staggered price settingﬂ We consider an economy populated
by two distinct types of households: poor (P) and rich (R). The fraction of
households that are rich is exogenously given and denoted by pz. The rest
(1 — pg) are poor. The poor and rich can either work in the A sector or the M
sector, i.e., there is perfect mobility of labour across sectors. Poor households are
assumed to be rule of thumb (or hand to mouth consumers) and do not have bond
holdings. Rich households are forward-looking Ricardian consumers and hold
bonds. The rich households own the firms and also supply labour to their own
firms, and so they have both dividend and labour income. The poor households
only supply labour to the firms owned by the rich, and so their only income is

labour income.

Like GGM, the government procures grain in the open market. It does this
by imposing a lump-sum tax on the rich and uses the proceeds to procure/buy
A-sector output from the market at the market pricem It then redistributes a
fraction of the procured A good to poor households. Hence, redistribution goes
to the poor households, rather than any particular sector. The rich households
also have higher incomes than the poor since the poor households only have

labour income, whereas rich households have labour and dividend income.

Following Atkeson & Ogaki (1996)), who show that the IES in consumption

9The manufacturing sector can also be termed as the "non-agriculture” sector. The names are not crucial. What
is crucial is that one sector is a flexible price sector, and the other is a sticky price sector.

107t is important to note that the seller of the A good can be either poor or rich. As the agriculture sector is
perfectly competitive and exhibits flexible prices, we are agnostic about who owns the agricultural firms.
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rises with wealth in Indian data, we assume that the poor have a lower IES than
the rich. This means that the poor are less willing to substitute consumption
across time periods. This allows labour responses of the rich and poor to differ

for a given change in the real wage (Chen et al. 2012).

2.2.1 Households

All households are assumed to have identical preferences[’’| At time 0, a

household of type K (= R, P) maximizes its expected lifetime utility given by

Ey» B'[U(Ciy) =V (Niy)] 2.1)
t=0

where Ck; is a consumption index, and Nk is labour supply. The subscript
K € {R, P} specifies the household type. A household of type K derives utility
from consumption, C' ¢, and disutility from supplying labour, Nx ;. 8 € (0, 1)

1s the discount factor. The period utility function is specified as:

U (Cry) = Gl (2.2)
’ 1— UK7
Ny’
VI(Ng,) = ’ 2.3
( K,t) 1_'_%07 ( )

where o and ¢, respectively, are the inverse of the IES for consumer type K,
and the inverse of the Frisch labour supply elasticity, which is assumed to be
the same for both types of households. Consumption of both rich and poor
households depend on goods consumed from both sectors and follow Cobb-

Douglas indices of agriculture (A) and manufacturing (M) consumption and is

A1l derivations for the model in Sections 2 and 3 are in the Technical Appendix.
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given by:

C(SKA 01—5}(
= — KAt K,]\f,_td 7 for K = R and P7 (24)
5 (1 — )%

where § € [0, 1] is the share of income spent on agricultural goods by the K"

Crkt

type of agent. Consumption in the manufacturing sector is a CES aggregate
of a continuum of differentiated goods indexed by j € [0, 1],where Py +(j)

is the price level of the jth variety of the M-sector good, i.e., Cgary =

1 o =1
0

Rich households maximize utility given in equation (2.I) subject to the

following intertemporal budget constraint

[PM,t(j)OR,M,t (])} dj + Py;Cras+ E{Qii1Br1}

O\H

< By + WiNgy — TRt + Divy, (2.5)

where (); 1 is the stochastic discount factor, B;,; are the nominal payoffs in
period ¢+ 1 of the bonds held at the end of period ¢, T ; is the lump-sum tax paid
to the government, and Div; is the dividend income distributed to households by
monopolistically competitive firms. Labour is assumed to be completely mobile
across sectors, with the nominal wage rate given by ;. We assume that the A

sector produces a single homogeneous good, whose price is Py ;.

To model a procurement-redistribution style intervention in an EMDE, the
government in every period procures the agriculture good at the open market
price, P4 . Part of the procured agriculture good is rebated back to each poor

household as a subsidy, Cﬁ, A+ While the remaining portion is put into a buffer

12The demand functions for goods within manufacturing varieties are

) P, N\ ¢
CK,M,t(J)Z(IA%’Z(tJ)> Ck

for K = Rand P.
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stockH Of the total consumption of the agriculture good by the poor household,
Cp a+, afraction, )\, is subsidized (it is given for free). That is, ng’ A= MCp At
The remaining fraction, (1 — )\;), of Cp 4, is purchased from the open market

(CP 4.0 which implies

Cpar+CPas=Cpay. (2.6)

Poor households are assumed to be rule of thumb consumers, and maximize

their current utility (2.1]) subject to the following (static) budget constraint
1
/ [Pats()Cpars()] dj + PasCps < Wiipy, @.7)
0

where PA,th 4+ denotes the nominal value of open market purchases of the
agriculture good done by the poor. The poor agent derives utility from the
amount of the agricultural good consumed, while the expenditure depends only
on a fraction, 1 — )\, of the quantity consumed. It is easy to see that equation

(2.77) can be rewritten as

1
/ [Prrt(5)Crars(3)] dj + Pat(1 — A)Cpar < WiNp;. (2.8)
0

Hence, the proportional quantity subsidy can be interpreted as a price subsidy.
We define: P;Lt = (1 — A\¢) P4y, which is the effective price of the agricultural

good paid by the poor agent.

Optimal allocations

Optimal consumption allocations by the rich for A and M goods are given,

respectively, by

13 An equivalent interpretation is that non redistributed procured output is wasted, or thrown into the ocean. We
do not endogenize buffer stock dynamics in this chapter.
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Pi\ !
Crat=90r <_P7 > Cry, (2.9)
/
Py
Crumy = (1 —6R) ( Pt’ ) CRit) (2.10)

where the aggregate price level is given by P, = PjﬁlevfjtéR.

For poor households, consumption allocations for the A and M goods are

given, respectively, by

;o\ -1
B Py,
Cpat =0p 2 Cpy, (2.11)
t
Pu\ !
Cpuy = (1 —=0p) ( P,’t> Cpy, (2.12)
¢

where the price index for the poor is given by: P, = {(1 — )\t)PA,t}dp Pj[j".
Because of the policy, ), it is important to note that the rich and poor face

different price indices.

. —&
Using the fact that C'r ar4(j) = (PM—M) C'r.v+ and the demand functions

Py

in (2.9) and (2.10) implies that the budget constraint for the rich can be rewritten

as:

PCri+ E{Qi11Bii1} < Bi+ Wi Ng; — Try + Divy. (2.13)
For the poor, using equations (2.11)) and (2.12)) implies
P;Cp; < WiNp;. (2.14)

where Cr; and Cp; denote the consumption indices (over the agriculture good

and manufacturing good) of the rich and poor households, respectively. As
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seen in equation (2.14)), the impact of subsidizing the agriculture good for poor

households reduces the effective price of the consumption basket to Pt/ .

The solutions to maximizing equation ([2.1]) subject to equation (2.13]) for the
rich and equation (2.14]) for the poor yield the following optimality conditions:

CRt—H)_UR P
1=0E || —5— R |, (2.15)
b ( Chryt Fii '
N?
Uz = _Ro’t for the rich, (2.16)
P R
w,  Nf
= _i’i for the poor, (2.17)
Pt P

where R, = ——2— is the gross nominal return on the riskless one-period bond.
E{Qui1}

Terms of trade

Terms of trade between the agriculture and the manufacturing sectors (TOT) is

P

P‘“ . CPI inflation is
M.t

defined as the relative price of the agricultural good T; =
given by m; = In P, — In P,_1, and the sectoral inflation rates are given by as
Tar =Py —InPyy g and mpry = In Pyyy — In Py, respectively, for the
agriculture and the manufacturing sectors. From the aggregate price index, CPI

inflation can also be written in terms of TOT as

Ty :5R7TA,t+(1_5R)7TM,t:5RATt‘|‘7TM,t- (2.18)
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Sectoral aggregates

We define aggregate agriculture consumption as a weighted average of rich and

poor agriculture consumption:

Car=prCrar+ (1 — pr)Cpay. (2.19)

The total amount of redistributed grain and the consumption subsidy to the poor
is given by:

(1= pr)CPas = Y iy (2.20)

where the government redistributes a fraction, ¢; € [0, 1], of procured goods,

Y£ ;, to the poor. Substituting out for C'p 4 ; from (2.11) yields

’ -1
Pa\ " Py
Catr = UROR (—t) Crt+ (1 — pugr)op ,’t Cp: (2.21)
~—~ P, Pt
Total Ag. Con ~~ RN y;
Con. by Rich Con.?)?Poor

This implies
_ —(1-0r) —(1-6,)
Cat = uroORT, Cri+ (1= pr)oy {(1 = N\) T3} Cpi.  (2.22)
Likewise, Crsy = irCroart + (1 — pg)Cpary which implies
Crre = pr(1 — 0R)T7*Cry + (1 — pg)(1 — 0p) {(1 — \) T1}*” Cpy. (2.23)

These last two equations imply that total agriculture and manufacturing

consumption depend on rich and poor consumption, and the TOT.

2.2.2 Firms

In the manufacturing sector, there exists a continuum of firms, each denoted by
an index j € [0, 1]. Every firm produces a distinct good Y;,,(j) using a linear

production technology, characterized by the production function Yj,,(j) =
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AnreNari(7). We assume that productivity shocks are the same across firms and

follow an AR(1) process,

log Anry — log Ayr = par (log Anre—1 — log Anr) + enre

where 74 ~ 4.i.d(0, o5r). The nominal marginal costs are common across firms

and are given by M Cjr; = (1 + TM) is the employment subsidy

given to manufacturing production. Real margmal cost is written as:

MCiyy W, 5. 1

M (147 )P / Anry

)"
Pary

(2.24)

£
e—1

1 —1
Let Yy = ( [ Y () = dj) , where ¢ > 1. Output demand is given by
0

. —&
Yari(j) = <Pg]\—j(j)) Y1+ The labour supply allocation in the manufacturing

sector 1s obtained as:

oy
NWZ/MWm@:JWmm (2.25)

1 N\ —€
where Zr; = f (PM—t(tj)) dj represents the price dispersion term. Equilibrium
. 7

. —&
variations in In f (PMT*(f)> dj around perfect foresight steady state are of

second order. leen that the agriculture sector is characterized by flexible

price and perfect competition, we can write the sectoral aggregate production as:
Yar = AasNay, (2.26)

where the productivity shock follows an AR(1) process,
log Ay —log Ag = pa(log A1 —log As) +cay, (2.27)

where €4, ~ 1.7.d(0, 0 4). Nominal marginal costs in the agriculture sector are

given by MCy,; = Yttﬂ

4The linear specification of the production function makes the marginal products completely determined
by exogenous productivity shocks. We assume a decreasing returns to scale production function to break the
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Price setting in the manufacturing sector

Price setting follows Calvo (1983)), and is standard in the literature. Firms
adjust prices with probabilities (1 — #) independent of the time elapsed since the

previous adjustment. The inflation dynamics under such price setting is

Ty = BEA 41} + kmenry, (2.28)

(1-p0)(1-6)

where kK = 5 , and mcyy, is the deviation of the real marginal cost in the

manufacturing sector from its natural rate (to be defined later).

2.2.3 Government procurement

In each period, the government procures Yf’ , amount of agricultural output at
the market price P4, using the tax receipts from the rich and redistributes a
fraction (¢; € [0, 1]) of procured goods to the poor. The redistributed amount
1s given by ngthE .- The agricultural sector output is the sum of consumption and

the amount accumulated by the buffer stock

Yag=Car+ (1= )Yiy, (2.29)

where the total consumption of the agricultural good C'4 ; consists of the total
amount consumed (by both the rich and poor). A procurement shock is given by

an AR(1) process,
Yy, =Yy = pyp(InYi,  —InYy) +eyp, (2.30)

where p ., € (0,1) and eyr ~ i.i.d(0,0yr). Re-distributive policy shocks,
4 it

captured by changes in ¢, capture sudden increases in the fraction of procured

proportionality between real wages and terms of trade. See Section[A.3]in the Appendix for Impulse Response
Analysis for a single-period redistributive policy shock.
I5Please note that when P is superscript, it refers to procurement. When it is subscript, it refers to the poor.
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grain re-distributed to the poor, and are given by the following AR(1) process,

In ¢y — In¢ = py(Indy_y — In ) + e, 2.31)

where ps € (0,1) and €4 ~ 4.i.d(0, 04). Higher redistribution and procurement,
by leading to a higher subsidy of the agriculture good to the poor from equation
(2.20), therefore leads to a larger reduction in the poor’s expenditures on the

agriculture good

2.3 Equilibrium Dynamics

2.3.1 Market Clearing

Market clearing is given by the following equations:

Cy = prCri+ (1 — pg)Cpy (1= X) 7% TR (1 = (1= 6,)\), (2.32)

N; = Nay + Nags, (2.33)
Yare = Cors, (2.34)

Yi =G+ T,7"Y 1 (1= o), (2.35)

Y, = T} %Yy, + T %Yoy, (2.36)

1rTre = Pay [(1 — ¢ Vi, + (1 — pr)Cp ] = PasYis, (2.37)

16See also Technical Appendix 7.3.
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and equation (2.29). Equation (2.32) corresponds to aggregate consumption by

both rich and poor households obtained by adding nominal values of agriculture
and manufacturing consumption, weighted by their respective masses, (i, and
1 — pp in the population (which is normalized to 1), and deflating by the
price index. Both the policy, )\;, and the TOT, 7}, are seen to affect aggregate
consumption positively The labour market clearing condition is given by
equation (2.33)). The agriculture market clearing condition is given by equation
(2.29). The manufacturing goods market clearing condition is given by equation
(2.34). The aggregate goods market clearing condition is given by equation
(2.35]), which can be written in terms of 7} as in equation (2.36). Equation
is the government budget constraint, which equates lump sum taxes collected
from the rich to the nominal value of redistribution ((1 — yz)Pa.C3p 4,) and

the fraction of procured output that goes towards buffer stock accumulation

(1= d)PasYi})-

2.3.2 Log-linearization

We relegate a discussion and derivation of the steady state and complete log-
linearized model to the Technical Appendix. What is of interest here are the
log-linearized expressions for C p+ and C R.t, as these give the differential impact
on consumption of the poor and rich from a variety of shocks. Log-linearization

of the aggregate market clearing condition (equation (2.35))) gives

17Comparative statics suggest that higher redistribution (higher A, holding 7" constant) lowers the effective price
index of the poor agent. This leads to a positive income effect. Holding A constant and raising 7" leads to higher
consumption, as a higher terms of trade has a positive impact on output, from equation (2.36).
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- - . 1
Y, =cCi+ (1—c) [(1 —op) T, + YL, — (1 — ¢) (bt] (2.38)

() () oo ()5

where c is the steady state consumption share in output and is defined in equation

(A.42)). Log-linearization of aggregate consumption, C;, in equation (2.32) gives

at = SRGR,t + (1 - SR){ (1 - )‘pT) aP,t + )‘pT (% + ?£t>

+ [0p — Or + A\p7(1 — 6] YA}} (2.39)

IpA
1-0pA?

where sp is the steady consumption share of the rich households, A\, =

(—
T-A(1-0,

and (2.17)) for the rich and poor households give

and 7 = I Log linearizing the first-order conditions (equations (2.16

W,— P = SONRt+URCRt (2.40)

and

. . . 5. N
Wy — Py = oNp; +0pCpy — p)\)\t + (6, — 0r)T5. (2.41)

The log-linearized consumption of the poor, C pt, 18 given by

_ {519_5}3_)‘;0(1_519)}?}'

(Tp—|—>\p

&
¢

Cps = Crt+ L

Y
Up—i—/\p 0p-|—>\p At

(2.42)
Note that épﬂg 1s increasing in the redistribution shock, &b\t, the steady state

deviation of procurement, }Aff’ ., and 1s affected negatively by the steady state

18We assume that the share of rich in employment is equal to the share of rich in the population 0 < ug <1,
ie., Np¢ = prNyand Np, = (1 — pg)Ny. This implies that Ng , = Np, = N, for all ¢.
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deviation of the TOT, /Tt. An increase in procurement and redistribution induces
a "redistribution-effect" which raises consumption of the poor because it provides
subsidized goods for consumption. A rise in the consumption of the rich increases
consumption of the poor because of our assumption that the labour supply of
the rich and poor are constant fractions of total labour supply. The TOT exerts
a negative impact on consumption as a higher relative price of the agriculture
good makes the consumption basket of the poor more expensive. This induces
the poor to buy less agricultural output. If both the rich and poor households

have the same IES, i.e., cr = op, J, = I, and there is no redistributive policy,

i.e., A = 0, then @ = C\R’t = ép,t.

Log linearization of the Euler equation (2.15]) for the rich households around

zero inflation in the steady state gives

R . 1 r~
One = E{Cron} = — B~ BTl (2.43)

Substituting C p+ 1n equation (2.42) into (2.39), solving for C R.t, and substituting

the resulting expression for C r+ 1n equation (2.43)), gives us the Euler equation

in terms of aggregate consumption, (', as

C, = Et{é\ﬂ—l} — ¢! [Et - Et{Ht—H}}

Ao . .
_uE, { cfbm + AV + {1 = 8y) + (6, — 0r) 2} ATM} (2.44)

where
or(op + Ap)
P — , (2.45)
sr(op 4+ Ap) + (1 — sp)or(l — A7)
U = )\p(l—sR)(l—i-aPT)’ and » — ap—l—)\p—(l—)\pT). With op = op, sg = 1, and

op+Ap Ap(1+0,7)

A = 0, equation (2.44) becomes the standard Euler equation for homogenous
households.
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2.3.3 Gap Variables

Define )A( N as the deviation of In X; under flexible prices from the steady state,
ie., X’ =In X" —In X. Also, define the gap of a variable as X, = X, — X7
Then, the dynamic IS equation (DIS) is given by:
Vi= B Vi | — @' B = BT} - RY) (2.46)
—[(1=n)(1 = &) + We {(1 = 8,) + (0, — on)2}) o { AThn |

where R{V 1s the real natural interest rat and is given by

RN = - [xpcbu —ATND) 4 (1 — c)A—lcb] Et{A?PA,H} (2.47)
- [ ame) - atep(1 - o (1= )| B Adua)

+ OAT'E, [@AA\H—I + AA\M,H—I}
+ P [\1;(1 +AT®) (1= 0, + (5, — 0r)2)
+ A_l{(l — SRr)pc(0pT + 0p — Or) — 5RH {ATtJXl}

The NKPC (New Keynesian Phillips Curve) in terms of manufacturing sector

inflation, the consumption gap, and the TOT gap is given by,

e = BEA{ a1} + KvAét + K [5}2 — (1 = sg)pc(0pT + 6 — Or)

— (15, + (6, — 0n)2) | T (2.48)

We can also express the NKPC in terms of aggregate inflation and the output

gap,

A
— BEm1} + '{—Yt (2.49)

+ /1[53 — (1 — sp)pc(S,T + 6, — 0) — UB(1 — 5, + (6, — Or)2)

5\ 1~ N -
— (1 6g) (i‘f“_ m) | Ti + 6AT; — BORE(AT 1},

19See derivation in the appendix A=pc+ @
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Equations (2.46), the Dynamic IS curve, and (2.49), the New Keynesian
Phillips curve, summarize the non-policy block of the economy in our two sector

two agent framework.

How do these equations differ compare to the simple NK model in Gali
(2015) with a single agent and a single sticky price sector? There are three key
differences between the current framework and such a benchmark. The first
difference is that there are two sectors which implies that the terms of trade,
T}, appears in the NKPC and the DIS. The second difference is that we have
two types of agents (i.e., sg # 1) who have different IES’s (0 # op), and
in general, different shares of agriculture in consumption (dr # 9,). The third
difference is that there is (steady state) procurement and redistribution in the
current framework, i.e., u4 — 6 > 0, and A > 0. When p14 — 6 > 0, this implies
that the employment share and consumption share in agriculture diverge i.e.,

c _ 1-

c=y3 = T/%A < 1. Hence, 4 — 0 > 0 drives a wedge between consumption

and production in the aggregate economy.@

2.3.4 Monetary Policy Rule

Monetary policy follows a simple Taylor rule with the nominal interest rate as a
function of aggregate inflation and the economy wide output gap as in Anand

et al. (2015) and Ginn & Pourroy (2019). We use a standard generalization of

2Suppose sp = 1, 14 = 6 = 6, = 0 (which implies § = 0), or = op, and A = 0. Then equation (2.46) is
given by:

Vi= B Vi } (B — BT} - R,

1
OR
where ﬁi\’ = MEt {A/X M,t+1} , which is the DIS equation in the simple NK model as in Gali (2015).

p+or
Further, the New Keynesian Phillips Curve in equation (2.49) is given by:

= BE{mi41} + k(o + or)Y:

which is the NKPC in the simple NK model, where m; = 77+ and )NQ = ?M,b

31



Redistributive Policy Shocks and Monetary Policy in a model with Heterogenous Agents

Taylor (1993)):
R, = Rfilﬁt(l—ﬁf)rwfrﬁ(l*d’r)d’y. (2.50)

The log-linearized version of the Taylor rule shows that

Ry = ¢, Ry + (1= ¢,)¢am + (1 — ¢1)0, Y5, (2.51)

i.e., the nominal interest rate, fit, depends on its lagged value, fm’t_l, aggregate
inflation’s deviation from its target, m;, and the aggregate output gap, i/v; This

closes the model.

2.4 Quantitative Analysis

We evaluate the model using a Bayesian approach, as is standard in empirical
macro research (see Schorfheide (2000), Fernandez-Villaverde & Rubio-Ramirez
(2004)). In the Indian context, Bayesian estimation has been used to estimate the
structural parameters of a NK DSGE models with an agriculture sector (Ginn &
Pourroy 2019). We supplement the estimated parameters in our analysis with

some calibrated parameters, as described below.

2.4.1 Data

We use Indian time series data for the 1994 (Q2) - 2019 (Q4) period. Our
variables include Gross Domestic Product at 2011-12 prices, Private Final
Consumption Expenditure at 2011-12 prices, average daily wage rates for men (in
Rs), persons employed in agriculture and manufacturing, total factor productivity
in agriculture and manufacturing, inter-sectoral TOT, consumer price inflation,

procurement and off-take of rice and wheat]| The variable selection, data

2ISectoral employment data (in 1000s) are taken from the employment (EM P) series while sectoral total
factor productivity and intersectoral TOT are computed using total factor productivity growth rate of value added
(T'FPG,,) and Value Added (V' A) series from India KLEMS database 2021. The Wage rate is calculated as
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sources and frequency are described in Table @

Description Source Frequency
GDP at 2011-12 Prices National Account Statistics ~ Quarterly
PFCE at 2011-12 Prices National Account Statistics Annual
Average daily wage rates Wage Rates in Rural India ~ Quarterly
Persons employed in Agriculture INDIA KLEMS 2021 Annual
Persons employed in Manufacturing INDIA KLEMS 2021 Annual
TFP in Agriculture INDIA KLEMS 2021 Annual
TFP in Manufacturing INDIA KLEMS 2021 Annual
Terms of Trade Calculated Annual
CPI National Statistics Office Monthly
Interest Rate RBI- DBIE Quarterly
Procurement of rice and wheat RBI-DBIE Annual
Redistribution of rice and wheat RBI-DBIE Annual

Table 2.1: Data Sources for Bayesian Estimation

2.4.2 Calibration Parameters

Our analysis includes the following calibrated variables, as shown in Table [2.2]
Following J. V. Gabriel et al. (2012), we set the discount factor (3) = 0.9832, the
measure of price stickiness for manufacturing goods (#) = 0.75, and the elasticity
of substitution between varieties of manufacturing goods (¢) = 7.01. We set the
steady state employment share in agriculture (14 = 0.48) using data from the

68" round of Employment and Unemployment Survey (National Sample Survey

the weighted average of agricultural and non-agricultural wage rates for men (in Rs), with weights being the
employment shares. Data on agricultural and non-agricultural wages are taken from Wage Rates in Rural India, and
interest rate (3-month T-bill data) have been taken from the Database on Indian Economy, RBI. Procurement and
redistribution of rice and wheat (in Lakh (100,000) tonnes) have been taken from Table 27: Public Distribution
System — Procurement, Off-take and Stocks RBI’s Handbook of Statistics on the Indian Economy, 2018-2019 jn.d.

22We have used access to NFSA as the defining criterion of the poor agents. Due to the absence of
percentile/quantile-wise time-series data on consumption, we are unable bifurcate aggregate consumption into rich
and poor.
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2011a). The population share of the rich is the percentage of the population
not receiving food grains under the NFSA 2013. Using population estimates
from the Census of India (2011) we find (ur = 0.3279). The expenditure
share of agriculture for the rich (6z = 0.3527), and the poor (0p = 0.4807), are
determined by the share of cereals and cereal substitutes in total expenditures

net of expenditures on services, durable goods, vegetables, fuels (see the Data

Appendix for details).

Variable Notation Value  Source

Discount factor 15} 0.9823 J. V. Gabriel et al. (2012)
Population share of rich UR 0.3279 Calculated by Authors
Steady state employment share in agriculture A 0.48 Calculated by Authors
Expenditure share of agriculture - Rich R 0.3527 Calculated by Authors
Out of pocket Expenditure share of agriculture - Poor dp 0.4807 Calculated by Authors
Elas. of Subs. between varieties of M —good € 7.01 J. V. Gabriel et al. (2012)
Measure of price stickiness (M) 0 0.75 J. V. Gabriel et al. (2012)

Table 2.2: Calibrated Parameters

We use previous literature with two-agent or two-sector model structures to
inform our priors. We use the study by Anand & Prasad (2010) to determine the
Frisch elasticity of labour supply () to be 3. We follow Anand & Prasad (2010)
in calibrating values for persistence and the standard deviation of food and non-
food productivity shocks. In particular, we use the prior that the agricultural and
manufacturing shocks have persistence of py = 0.25, py; = 0.95, respectively,
and standard errors of 04 = 0.03 and oj; = 0.02, respectively. We use Atkeson

& Ogaki (1996) to determine the IES for both agents (- = 0.8 and é = 0.5).

1
OR
Following Banerjee et al. (2020), we fix the interest rate smoothing parameter

to be ¢, = 0.66, inflation stabilization coefficient to be ¢, = 1.2 and the output

34



Redistributive Policy Shocks and Monetary Policy in a model with Heterogenous Agents

gap stabilization coefficient ¢, = 0.5.

2.4.3 Estimation Method

The annual series are converted to quarterly series using natural cubic spline
interpolation. The variables (except interest rate, inflation and productivity
shocks) are detrended using the Hodrick-Prescott filter. The Bayesian estimation
1s based on the adaptive Metropolis—Hastings algorithm. The prior distributions
of the estimated parameters are reported in Columns (4) and (5) in Table [2.3] and
the Posterior distributions are summarized in Columns (6)-(9) in the same Table.
Table [2.3| summarizes the prior distributions of the estimated parameters, and the
mean and standard deviations of the posterior distributions. We use the means of
the posterior distributions to study the impulse response functions (IRFs) of the

relevant macroeconomic variables.

2.4.4 Impulse response analysis

Our IRF analysis focuses on: (i) a shock to agricultural productivity (supply
shock) (i1) procurement and redistribution (demand side shock) and (iii) monetary
policy (demand shock). We discuss the estimated mechanisms of these shocks.
The IRFs of each shock are benchmarked against a one agent two sector version
of our model along the lines of Aoki@ This allows us to highlight the importance
of having rich and poor agents and redistributive policy shocks to interact in the
model. We also compare the transmission mechanism in our 2S-TANK model
and compare it to the IRFs in (1) a simple NK model la Gali (2015, Chapter 3),
(1) Aoki, and (ii1) Debortoli and Gali. Throughout the IRF analysis, our focus is

23To generate the Aoki model as a special case of our model, the following parameter restrictions are imposed:
tr =g =1,0, =0r, A =0, pa = 0r, or = op, and an arbitrarily small value of ¢ = 1.000 10~25. For
single agent models in the IRFs (Aoki’s model and the simple NK model), we have exogenously imposed that
Cp = 0 as there is no poor agent in these models.
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Parameter Density  Prior Distribution Posterior Distribution

Mean StdDev  Mean Std Dev 95% interval

SR SS Rich cons. share 1G 0.50 0.01 0.417 0.005 0.406  0.427
or  Inverse of IES Rich 1IG 1.25 0.14 1.142 0.132 0.897  1.407
op  Inverse of IES Poor IG 2 0.23 1.888 0.223 1.469  2.343
A SS share of subsidy in Cit 1G 0.2 0.01 0.259 0.003 0.253  0.264
10) SS share of procured B 0.8 0.06 0.804 0.056 0.686  0.903
A good redistributed
% Inverse of Frisch elasticity 1G 3 0.73 2.434 0.464 1.674  3.522
of labour supply
Monetary Policy
Or Interest rate smoothing 1G 0.66 0.09 0.99 0.003 0.994 1.005
O Weight on inflation gap 1G 1.2 0.4 1.051 0.354 0.580  1.966
Oy Weight on output gap IG 0.5 0.19 0.510 0.200 0.255 1.025

Shocks: Persistence

pa, Productivity shock in A-sector B 0.25 0.11 0.255 0.106 0.087  0.490
pA,; Productivity shock in M-sector B 0.95 0.03 0.951 0.033 0.865  0.994
pyp  Procurement shock B 0.43 0.08 0.474 0.081 0316  0.634
P Redistribution shock B 0.59 0.09 0.694 0.066 0.561  0.816
Shocks: Standard Deviations
oA Productivity shock in A-sector 0.016 0.0003 0.016  0.017
oy Productivity shock in M-sector 0.015 0.0001 0.014 0.015
Oy P Procurement Shock 0.0196 1.16x107° 0.0196 0.0196
o4 Redistribution Shock 0.011 0.001 0.011  0.014
O Monetary Policy 0.009 0.0001 0.009  0.010

(M Note: 95% credible interval is reported in Columns (8)-(9)
@ distributions include Beta (B), Inverse Gamma (I), Std Dev for standard deviation.
) Inverse Wishart is used as the conjugate prior for the covariance matrix (identity matrix as scale matrix and d.o.f. = 100)

of a multivariate normal distribution with unknown mean and covariance matrix.

Table 2.3: Bayesian Estimation: Prior and Posterior Distributions
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on understanding how these shocks affect sectoral and aggregate inflation rates,

consumption of rich and poor agents, and resource allocation across sectors.

We allow for the procurement wedge to be positive, i.e. juqg — 0 > 0, and A >
0@ Also, since 9, > 0, this implies that the share of agriculture consumption
by the poor (out of total poor consumption) exceeds the share of agriculture
consumption by the rich (out of total rich consumption) which influences the

impact effect of the shock on poor and rich agricultural consumption.

Transmission of a single period positive productivity shock in the A-sector

We first describe what happens in our (2-sector TANK) model. This corresponds
to the red dash-dotted line in Figures[2.1aH2.1c| A positive productivity shock
raises output and causes deflation in the agriculture sector (P4 falls). The TOT,
T', falls. The price effect dominates the productivity effect of the shock, leading
to a reduction in nominal wages. However, the aggregate price index falls by
more than the nominal wage, leading to an increase in the real wages on impact.
The income effect of real wage dominates the substitution effect, leading to an
increase in consumption and a reduction in labour supply by both agents. As
T falls, the manufacturing good becomes relatively expensive, resulting in a
reduction in the demand for the manufacturing (M) good. This leads to a decline
in the demand for the manufacturing (M) good by both agents. Manufacturing
output and employment declines While aggregate output increases, the output

gap falls There is a deflation in the manufacturing sector consistent with the

24We drop subscripts (¢) and hats from variables for the following discussion to economize on notation. The
IRFs for variables however, should be interpreted as their log deviations.

2In the case of Aoki, there is a much greater increase in demand for the agricultural good, inducing an increase
in employment in the agriculture sector.

26This happens because while output increases, the natural level of output increases even more. Under flexible
prices, the decline in demand (in response to the agricultural productivity shock) would have resulted in lower
manufacturing sector prices and, therefore, relatively higher manufacturing output.
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negative output gap. Aggregate inflation falls because inflation in both sectors

fall 7]

The decline in inflation and output gap induces the monetary authority from
the Taylor rule, equation (2.51)), to cut nominal interest rates. Real rates also
fall since prices are sticky, which induces a rise in the consumption of rich
households, C'r,, owing to the intertemporal substitution effect. From equation
(2.42)), it is apparent that the impact of poor household consumption, C'p, depends
positively on C'r and the terms of trade. Overall, Cp rises, leading to aggregate
consumption, C| to rise. In sum, a positive agriculture productivity shock leads to
a rise in both poor and rich consumption, aggregate consumption, lower sectoral

inflation rates, and lower aggregate inflation.

Distributional Impact Both the rich and the poor benefit from higher real wages
because of a positive productivity shock. This induces both sets of households
to increase their consumption of both the manufacturing and agriculture good.
However, the decline in the TOT (P4 falls relative to P);) induces both the
rich and poor to increase their demand of the agriculture good comparatively
more because of the inter-good substitution effect. However, poor consumption
increases less relative to rich consumption, suggesting that the rich gain more

than the poor, shown by the falling poor-rich consumption ratio.

Transmission of a single period redistributive policy shock

As before, a redistributive policy shocks refers to a procurement and redistributive
shock@ We first describe what happens in our (2 sector TANK) model. This
corresponds to the red dash-dotted line in Figures 2.2a2.2¢| A procurement

2’Modelling a countercyclical redistributive policy would weaken the deflationary impact of a positive agricultural
productivity shock.
28We use these terms inter-changably.
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Figure 2.1: Impact of single period positive agriculture productivity shock
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Figure 2.1: Impact of single period positive agriculture productivity shock

and redistribution (which are orthogonalized) shock acts like a demand shock to
the economy.@ On impact, a procurement and redistributive policy shock leads
to higher demand for agricultural output, Yy, higher P4 and therefore, higher
7. This leads to an increase in the TOT, T'. For the supply of the agriculture
good to increase with no change in productivity, employment in the agriculture
sector, N4, must go up on impact. In order to attract labour to the agriculture
sector, nominal wages in the agriculture sector must rise. With sticky prices in
the manufacturing sector, equilibrium in labour markets (the same nominal wage

in both sectors) means that economy wide real wages rise ")

As before, a rise in the real wages has two competing effects: income and

2The reason why we consider them simultaneously is because the government’s desire to increase procurement
is driven by its desire for higher redistribution.

30This is broadly in line with research on the Indian National Food Security Act in 2013 which shows that
changes in the generosity of the Public Distribution System led to higher wages, suggesting that labour market
effects of social transfers bestow important additional effects in terms of benefits for the poor. See Baylis et al.
(2019).
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substitution effects. The income effect states that a rise in the real wages
(income) of an agent would lead to greater consumption of both consumption
and leisure (C rises, NV falls) while the substitution effect states that a rise in
real wages makes leisure relatively more expensive and hence leisure should fall
and consumption should rise (C'rises, IV rises). The rich agent’s consumption is
governed by a third effect - the inter-temporal consumption substitution effect,
which states that an increase in the real interest rate will induce agents to save
today and consume tomorrow, i.e., substitute today’s consumption for future

consumption.

As the poor agents do not have access to financial markets, they cannot
smooth their consumption over time@ The redistributive policy shock lowers
the effective price of the poor agent’s basket. More precisely, it lowers the price
of the agricultural good paid by the poor agents to P4(1 — \) which turns out

to be lower than P),. This leads to an increase in Cp, Cp 4 and a decrease in

Crul

As 74 1s positive and current and future marginal costs of production are
positive, manufacturing and aggregate inflation are positive on impact. Under
flexible prices, manufacturing prices increase in response to higher real wages.
This causes a greater reduction in manufacturing output relative to the flexible
price level of output, leading to a positive output gap. Given this, central banks
must raise nominal interest rates. With sticky prices, real interest rates also rise

on impact. Given our parameters, we find that C' rises leading to higher welfare,

3Motivated by consumption inequality in India, Lahcen & Gomis-Porqueras (n.d.) (2019) build a monetary
model with endogenous credit market participation where the poor, because they do not have access to financial
services, smooth their consumption by saving through fiat money. They find that the transmission of monetary
policy changes quite a bit with this feature. We hope to take up this extension in a separate paper in the future.

32When we only do a procurement shock and set A = 0, both Cp and C, fall. Thus, the redistributive effect
determines the poor agent’s consumption.
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even though monetary policy has tightened the interest rate.

Distributional Impact As can be seen in Figure consumption of both
agriculture and manufacturing goods by the rich fall because of intertemporal
substitution. However, a rise in poor agriculture consumption on impact leads
to a rise in overall agriculture consumption. Poor manufacturing consumption
however also falls because P4(1 — \) is lower than P;;. Unlike the previous

case, Cp rises relative to Ci despite the central bank tightening interest rates.

Compared to Aoki’s model (green dashed line), there are interesting differ-
ences@ In the Aoki model, all agents are rich (Ricardian) and do not have access
to subsidized consumption of the agriculture good. Employment in our model,
like before, is lower compared to Aoki because of the presence of poor agents
who have a lower IES. The difference in the expenditure share of the agriculture
good by the poor, d,, plays an important role on the rich-poor consumption
dynamics. Since the poor receive the redistributed agricultural good for free,
their demand for market purchases of the agriculture good are lower (Figure
2.24). In addition, §, > dr, and so the redistributed agricultural good induces a
lower demand for agricultural good consumption by the poor from the market.
As aresult, aggregate demand for agricultural output is lower, and the impact
effect of a procurement and redistributive shock on agricultural output in our
model is less compared to the Aoki model. Correspondingly, a procurement and
redistributive shock leads to lower inflation on impact in our model compared
to Aoki’s model. As a result, the corresponding rise in the real interest rate
from the Taylor rule is lower in our model which implies that the decline in rich

consumption is lower in our model compared to Aoki. Importantly, because of

33We have imposed 4 > Jr to generate these IRFs. Since Aoki’s model has a single agent, there is no
redistribution, and therefore no redistributive policy shock in his model. The only shock therefore is a procurement
shock, which generates the impulses given by the green dashed line.
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(b) Impact of single period redistributive policy shock on macroeconomic aggregates

Figure 2.2: Impact of single period positive procurement and redistributive policy shock
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Figure 2.2: Impact of single period positive procurement and redistributive policy shock

the redistributive shock, poor consumption rises in our model, off-setting the

decline in rich consumption, and raising aggregate welfare.

Transmission of a single period monetary policy shock

We consider a single period, contractionary monetary policy shock, which
increases the nominal interest rate. This exercise is included to emphasize
how our two sector TANK model (red dash-dotted line) leads to a muted impact
(less monetary transmission) compared to a variety of benchmarks - the simple
NK model (magenta dotted-circle line), Aoki (green-dashed line), and Debortoli

and Gali (blue dash-triangle line)@ Crucially, we show that monetary policy has

34To generate IRFs for 2 agents and 1 sector along the lines of Debortoli and Gali, we have imposed 6 = J,, =
A =4 = 0;¢ = 1.0000 * 10725, steady state values of Yy = C4 = C =Y = Y); = 1. Note that the steady
state value of Y, = 1 since under the above values, 6 = 0. We have retained the values of sg, fir, or, and op as
in our 2 sector TANK framework listed in Table 1. For the simple NK model, we impose the additional restrictions:
sgp=pr = 1,and og = op = 1.142, to generate the IRFs for this benchmark. As a preliminary check, we verify
that the model dynamics for the simple NK model generated here has IRFs for a contractionary monetary policy
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both output effects and redistributive effects. Our basic insight is that the model
dynamics are more influenced by having two sectors, i.e., adding a flexible price
sector, rather than the demand side, i.e., having poor agents, when there is a

monetary policy shock.

As in the previous cases, we first discuss the effect of a monetary policy shock
on our 2 sector TANK model (red dash-dotted line) in Figures [2.3a}2.3¢| In
response to a rise in the nominal interest rate the real interest rate rises, leading to
inter-temporal consumption substitution by the rich. The reduction in aggregate
demand causes a reduction in prices in both sectors, with the magnitude being
greater in the agricultural sector due to flexible prices. As the interest rate shock
is for a single period, agricultural inflation returns to its steady state value in the
next period, while the manufacturing sector inflation recovers gradually. Thus
aggregate inflation falls by more on impact but recovers quickly (owing to the
flexible price sector) as compared to the one sector models in this analysis. As a
result, the real interest rates rises less in our two sector TANK economy This
leads to a reduction in the terms of trade, 7°, and thus a smaller reduction in C'p

relative to C'p.

In the current scenario, where there is no government intervention in the
agriculture market, aggregate output is the same as aggregate consumption, and
so on impact, Y, must fall from its steady state value. For the supply of the output
to decline, less goods must be produced and hence employment, /V, should fall

on impact. This is ensured by lower real wages, which fall on impact.

In the two sector TANK economy, as the terms of trade falls in response

to a monetary tightening, the agricultural good is relatively cheaper and

shock that are consistent with Gali (2015, Chapter 3, page 69).
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(b) Impact of single period contractionary monetary policy shock on macroeconomic aggregates

Figure 2.3: Impact of single period contractionary monetary policy shock

hence demand for the agricultural (flexible price) good increases while for

the manufacturing (sticky price) good falls (inter-good substitution effect).

Consequently /N4 rises on impact, and therefore, /N, falls.

Distributional Impact A contractionary monetary policy shock leads to a reduction

in aggregate consumption in all models, although the magnitude of reduction is
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Figure 2.3: Impact of single period contractionary monetary policy shock

smaller in the two-sector models (ours and Aoki’s model). This happens because
of the smaller increase in the real interest rate due to the presence of a flexible
price sector. However, as the output gap adjusts more sluggishly, the real
interest rate and aggregate consumption take longer to reach their steady state
values in the two sector TANK model. Further, in the two agent models (our
model and Debortoli and Gali), Cr< C' < C'p < 0. In the single agent models
(Aoki’s model and the simple NK model), Cr =Cp = C < 0.

As mentioned above, the presence of a flexible price sector in our model
and Aoki’s model creates a large deflation in the economy because of the
contractionary monetary policy shock. Since the shock is of one period,
aggregate inflation returns to the steady state in the next period in both our model
and the Aoki model. Manufacturing inflation, however, recovers, gradually,

because of the sticky price sector in all the models. The rise in the nominal

3We would expect transmission to be weaker in TANK models as a fraction of agents cannot smooth their
consumption, but the effect of the negative terms of trade lowers their consumption.
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interest rate leads to the intertemporal substitution of consumption, as in the
standard NK model, which causes a reduction in aggregate demand and a decline
in the aggregate price level in all models. However, in our model and Aoki’s
model, due to the presence of a flexible price sector, real interest rates increase
by less, and therefore rich consumption falls by less compared to Debortoli and
Gali and the simple NK model. As a result, poor consumption also falls by less
from equation (2.42)). The decline in aggregate consumption is also less in our

model and Aoki’s model.

Since the contractionary monetary policy shock reduces the terms of trade,
the agriculture good is relatively cheaper compared to the manufacturing good
and hence demand for the agriculture good (flexible price) increases while for
the manufacturing good (sticky price) falls. This leads to a rise in agricultural
employment, and a decline in manufacturing employment on impact in both our

model and Aoki’s model.

Role of Demand Heterogeneity and Multiple Sectors in Monetary Policy Transmission
Introducing demand heterogeneity alters the economy-wide intertemporal

elasticity of substitution. In a representative agent model, the intertemporal

1

elasticity is 55> In two-agent models, the aggregate consumption dynamics are

governed by %, where @ is defined in equation (2.45)). Since op > op causes

® > op, the effective intertemporal elasticity is lower in a TANK model, i.e.,
changes in real interest rates have a smaller impact on output. DIS becomes
flatter. Consequently, a contractionary monetary policy shock in a TANK
model generates a smaller decline in output relative to the representative-agent

benchmark.
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As the responsiveness of aggregate demand to the real interest rate is governed
by the intertemporal elasticity, introducing multiple production sectors does not
mechanically alter the slope of the DIS curve. However, sectoral structure affects
the natural rate of output and marginal cost dynamics through terms-of-trade
adjustments. These mechanisms shift the position of the NKPC but do not
change its slope unless price-setting frictions or the mapping from output to

marginal cost are modified.

Finally, since redistribution alters the aggregation of marginal utilities across
agents and therefore the effective curvature parameter @, the slope of the DIS in
our TSTANK model is influenced by the redistribution parameter A. By changing
the economy-wide intertemporal elasticity of substitution, redistribution modifies
the responsiveness of aggregate demand to movements in the real interest rate.
Hence, the effects in our model operate through both the demand channel
(via intertemporal substitution) and the supply channel (via relative price and

marginal cost movements).

2.5 Extensions

To verify the robustness of our results, we consider three extensions. First,
to gain insights on the effectiveness of monetary policy in economies with
large agriculture sectors, we vary the employment shares to see whether the
effectiveness of monetary policy is higher in economies where the employment

share in the agriculture sector is smallerE] In the second extension we allow for

3For these extensions, we only do comparisons with our baseline 2S-TANK model.
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non-homothetic preferences. Finally, we study the implications of redistributive

policy shocks in a scenario where labour is immobile across sectors.

First, we consider the case of a contractionary monetary policy shock, which
cools down the economy as in Figure 2.4, When the employment share in the
agriculture sector is high and proxies the value in some poor countries (e.g. Nepal,
(s = 65%), compared to an advanced economy, where the share of agricultural
employment is much lower (e.g. South Korea, ;14 = 5%), the impact effect on
the output gap is much less (see magenta dotted line versus blue dashed line).
This can be seen in Figure [2.4]in the Technical Appendix. Aggregate output
declines by more in the less agriculture-intensive-employment economy when
there is a contractionary monetary policy shock. The impact effect on inflation
is also more muted when the share of agriculture employment is smaller in the
economy. This shows that when the share of the manufacturing sector rises,
output adjusts comparatively more, and the effectiveness of monetary policy is
comparatively more. This insight applies to all EMDEs with large agriculture
sectors, and offers a possible explanation for why monetary policy is ineffective

in such economies.

For non-homothetic preferences, we allow for subsistence consumption in
agriculture for the poor. In their optimization, this changes the consumption
index given in equation (2.4) to

subs\o 1-0p
(CP,AJ — YPA ) PCP,M,t

- (2.52)
87 (1 —6p)'

Pt =

where C5'% > ( is the subsistence level of agriculture consumption of the

poor Adding subsistence consumption of the agriculture good leads to an

3For simplicity, we assume that the subsidy to the poor is equal to the subsistence level of agriculture
consumption.
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Figure 2.4: Impact of single period monetary policy shock for j14 = 5%, jua = 43%, s = 65%

increase in the steady state consumption of the agriculture good, and therefore an

increase in the total quantity of the agriculture good consumed and produced@

The only change in the log-linearized model is in the steady state values. In fact,

model simulations show that log deviations from the steady state are qualitatively

similar, although the impact effect from the shocks are higher in the model

with the standard index (given in equation (2.4))) because of lower steady state
values ]

Finally, we allow labour to be completely immobile. The results are in

Figures We assume that the poor work in the agriculture sector, and

the rich in the manufacturing sector. This leads to sector specific real wages,

manufacturing good is no longer unity. Rather, it depends on C

3 Non-homothetic preferences implies that the elasticity of substitution between the agriculture good and the
subs

P 4 - Also changes in income lead to changes in
expenditure shares of the agriculture and the manufacturing good even with a constant terms of trade.
These results are available from the authors on request.
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(b) Impact of single period redistributive policy shock on macroeconomic aggregates

Figure 2.5: Impact of single period redistributive policy shock with immobile labour
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Figure 2.5: Impact of single period redistributive policy shock with immobile labour

@ in the manufacturing (M) sector, and V]Z;* in the agriculture (A) sector.

Figures show the IRFs benchmarked against the case (Figures
2.2¢)) when labour is mobile and when labour is immobile (blue dashed line).
When there is a procurement and redistributive policy shock, in order to increase
the supply of the agriculture good, the real wage in the agriculture sector must
increase. Because the mass of population in the agriculture sector is limited by
the mass of the population who are poor (because labour is not mobile), the real
wage in the agriculture sector must rise by more. Hence, a procurement and
redistributive policy shock leads to a greater impact on agriculture inflation, the
terms of trade, and aggregate inflation. Higher inflation with immobile labour
induces the monetary authority to respond more aggressively leading to higher
real interest rates. The rich agents in turn respond by increasing saving and

reducing consumption of both goods (C falls). In contrast, the poor increase
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their consumption of both goods (C'p rises) and supply less labour as they gain
from higher real wages and lower prices of the agricultural good on account of
the subsidy. Thus agricultural employment declines. Higher demand for the
manufacturing good by the poor agents dominates the reduction in demand by
the rich. This causes wages in the manufacturing sector to rise (with sticky prices,
real wages @ also rise) thereby leading to higher manufacturing employmen
thereby creating a positive output gap. Aggregate output rises more compared to

the baseline model.

2.6 Policy Implications

2.6.1 Redistributive Policy Multipliers

We quantify the impact of the redistributive policy shock on aggregate variables
by computing present value multipliers. As our shocks are orthogonal, we are
able to compute the multipliers for horizon A as:

B0 o B (AXpasej + AXpie))
By 30 B (AYpass) + Adysj)
BB (XXpar + XXor)

E, Z?ZO 5'7 (YPA}?LM\H + _m

P VM;E(PS,h -

Y

—_—

where, X ;1 ; represents the log deviation from steady state X corresponding to

shock s for horizon j. Table[2.4] presents the results.

40This would have induced higher manufacturing prices and a relatively lower manufacturing output in a flexible
price regime.
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Multiplier Impact Q2 Q4 Q20 Q40
Output (Y) 0.073 0.058 0.053 0.052 0.052
Agriculture Output (Y4) 0.111 0.099 0.095 0.094 0.094

Manufacturing Output (Y;,) —0.052 —-0.052 —-0.052 -0.052 —-0.052

Consumption (C') 0.133 0.124 0.122 0.121 0.121
Poor consumption (C'p) 0.159 0.150 0.148 0.147 0.147
Rich consumption (C'g) —0.071 —-0.063 —-0.060 —-0.059 -0.059

Notes: The table reports impact and present-value multipliers following a redistributive policy shock. Present values
are computed using steady-state discounting. All variables are expressed in levels by scaling log impulse responses

with their respective steady states.

Table 2.4: Redistributive Policy Shock Multipliers

The output multiplier is positive but well below one: an impact multiplier
of 0.07 and a long-run PV multiplier of about 0.05. This indicates that
the redistributive policy generates real activity, but with limited aggregate
amplification. As expected, it leads to a reallocation of activity across sectors,
with agricultural output responding strongly and persistently (long-run PV
~ 0.09) while manufacturing output contracts with a stable multiplier around
—0.05. The poor exhibit large and persistent gains, while rich households exhibit

a decline on account of general equilibrium effects.

2.7 Conclusion

Governments in many EMDEs routinely intervene in their agricultural markets
because of changing food security norms or to minimize food price volatility.
Such interventions typically involve higher procurement and redistribution of
food commodities, and higher food subsidies by the government to households.

This chapter asks: what is the impact of a procurement and redistributive
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policy shock on the sectoral and aggregate dynamics of inflation, and the
distribution of consumption among rich and poor households? To address
this, we build a tractable two-sector (agriculture and manufacturing) two-agent
(rich and poor) New Keynesian DSGE model with redistributive policy shocks.
We calibrate the model to the Indian economy. There are two novel aspects
of our framework. First, we extend the framework of Debortoli and Gali to
two sectors in a tractable way. Second, we allow for government intervention
in the agriculture market in a way that captures the essence of procurement
and redistribution style interventions in EMDEs. Our framework allows us to
understand how redistributive policy shocks affect the economy, and the role
of consumer heterogeneity on the welfare implications of a variety of shocks.
We contribute to a growing literature on understanding the role of consumer

heterogeneity in analyzing the effect of monetary policy.

We show that a procurement and redistributive policy shock leads to higher
sectoral and aggregate inflation and higher aggregate consumption in the
economy, even though there is a decline in the consumption of the rich. Our
main result is that for an inflation-targeting central bank, consumer heterogeneity
matters for whether monetary policy responses to shocks raise aggregate welfare
or not. Hence, it is important to take into account consumer heterogeneity when
evaluating the general equilibrium effects of monetary policy in the economy.
We compare our results to a variety of benchmarks to isolate the effect of
adding a flexible-price production sector or adding rule-of-thumb agents on the
model’s dynamics. We also show that our main results are robust to a variety
of extensions. An interesting insight that we gain from our analysis is that in
EMDESs with smaller agriculture sectors (larger manufacturing sectors), output

adjusts comparatively more to changes in monetary policy, and therefore, the
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effectiveness of monetary policy is higher. This offers a possible explanation

for why monetary policy is less effective in economies with large agricultural

sectors.
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Chapter 3

Welfare Consequences of Redistributive

Policy Shocks

3.1 Introduction

In this chapter, we assess the welfare costs of redistributive policy shocks using
the framework in Chapter 2l We study the welfare impacts of unanticipated
increases in procurement and redistribution that are short-lived - a redistributive
policy shock. We found in Chapter [2] that redistributive policy shocks were
inflationary yet expansionary. In this chapter, we ask what are the welfare costs of
such redistributive policy shocks? What is the optimal monetary policy response
to the redistributive policy shock? How do the optimised simple rules compare

with the Ramsey Optimal Monetary Policy (ROMP)? How do welfare costs

IThis paper is joint work with Chetan Ghate (ISI Delhi) and Debdulal Mallick (Deakin University, Melbourne).
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compare to an agricultural productivity shock? The role of public distribution of

food-grains was particularly heightened during the imposition of the lockdown
when there was a drastic reduction in employment and earnings.ﬂ Most analyses
in the literature focus on assessing redistribution policies based on the costs
of such policies to the government or exhibiting the impact on developmental

outcomes such as food security, nutrition and income stability.

In the Indian context, there has been a widespread discussion in the literature
regarding the efficiency and equity trade-off in redistribution policies in agricul-
ture.ﬂ Poor targeting (Ramaswami [2005)), lack of access, diversion of grain to
open markets (R. Khera 2011, Gulati & Saini 2015 )ﬂ higher distributional costs
as compared to the private sectOIE] (Dutta & Ramaswami 2001)), low product
quality and shop closures (Muralidharan et al.|[2011) are a few of the reasons in
favour of cash transfers. Other studies have underscored the importance of the
public distribution system in lowering poverty in the rural areas and providing
social protection (Jean Dreze & R. Khera 2013), providing stability for farmers’
income and insulating the vulnerable sections from price fluctuations (Sinha
2015)), prevented under-nutrition increased wage incomes and improved dietary

diversity (Shrinivas et al. 2025)).

While there has been considerable research on optimal targets for stabilising
inflation and output volatility in the presence of multi-sector economies (Aoki

2001, Anand & Prasad 2010, Anand et al. 2015)), the monetary policy literature on

2See Dréze & Somanchi (2021) for a discussion of representative surveys on the impact of pandemic-induced
lockdown on earnings and food-insecurity on the informal sector-slum dwellers and migrant workers

3Chakraborty et al. (2025) evaluate the welfare costs of input price subsidies and minimum support price to
show that removing these policies lowers the tax burden, but raises the agricultural productivity gap.

“Gulati & Saini 2015|estimate the leakage from PDS to be 46.7% in 2011-12. The leakage was greater in
states where a larger percentage of poor resided. There have been improvements in the efficiency of operation after
the enactment of the National Food Security Act. Recent estimates show a sharp reduction in leakages. Using
Household Consumption Expenditure Data R. Khera (2024) shows that leakages had reduced to 22%.

SPEO Report NO 189 (2005) finds that a 1 rupee transfer costs the government Rs 3.65.
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interventions in agricultural sector policies is much less (Ginn & Pourroy 2022,
Gupta [2024). Aoki (2001) finds that a divine coincidence between stabilising
inflation and output gap breaks down in the presence of two sectors and targeting
sticky price inflation is optimal in a two-sector RANK economy. Other papers
introduce a non-Ricardian agent in the two-sector model and show that headline
inflation is optimal (Anand & Prasad 2010, Anand et al. 2015) in a two-sector
TANK economy. Gupta (2024)) introduces market price support as markup
shocks and finds that the optimal policy is to respond to inflation and terms of
trade. Though her paper models interventions in the grain market via public
procurement, her analysis does not model multiple agents, which is central to

the analysis for our study.

A paper that is most related to our analysis is Ginn & Pourroy (2022). They
study the impact of food-price stabilisation policies using a price subsidy.
They study the effect of world food price shocks and show that food price
subsidies lower the volatility of the Consumer Price Index (CPI). They find that
food-price stabilisation policies are costly and exhibit heterogeneous effects on
agents. In contrast, we model redistribution in terms of guantities by utilising
a closed economy 2-sector model with two agents developed in chapter [2], to
evaluate the welfare costs of redistributive policy shocks in terms of consumption
equivalents as in Lucas (1987). Though similar, the policies analysed are
fundamentally different. We model redistributive policy shocks emanating from
higher procurement and redistribution of grain to the poor, while they assess the
role of price subsidies in the presence of world food price shocks. We find that
redistributive policy shocks have a heterogeneous impact on agents and entail a

small cost to the aggregate output. The chapter proceeds as follows: Section 2

describes different approaches to computing the welfare cost. Section 3 describes
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the framework to characterise optimal monetary policy for a redistributive policy
shock. Section 4 assesses the role of steady-state redistribution on welfare cost
estimates. Section 5 studies the impact of changing weights in the planner’s

objective function on welfare cost computations. Section 6 concludes.

3.2 Methodology

We wish to characterise the optimal monetary policy in the two-sector TANK
model with redistributive policy shocks. We follow two approaches to computing
the optimal monetary policy response to various shocks - we assume that the
monetary authority acts like a utilitarian Ramsey planner and maximizes the
weighted average intertemporal utility functions of households, subject to the
private sector optimality conditions and the economy’s feasibility constraints.
This is called Ramsey Optimal Monetary Policy, or ROMP. Second, we compute
the optimal values of Taylor Rule parameters that maximize economy-wide

welfare.

It may be recalled that two types of distortions are present in standard one-
sector RANK models - the presence of monopolistically competitive firms which
leads to prices exceeding the marginal cost of production, and sticky prices in
the manufacturing (modern) sector, leading to dispersion in prices of different
varieties of sticky-price (manufacturing) sector goods, resulting in a misallocation
of resources. In addition to these two, we have a third distortion-intervention
in the flexible price sector in the form of steady state procurement (Y4 >
Cy) and redistribution (Cpas > C§ Aﬂﬂ We neutralize the first distortion

through an employment subsidy. However, as procurement and redistribution

The presence of procurement and redistribution (for the poor) breaks the link between aggregate consumption
and aggregate output (and employment). Refer to ChapterE]for details.
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are noted features of emerging market economies, we wish to study the optimal
monetary policy design in their presence. In an economy with interventions in
the agricultural sector that are inflationary, it may not be optimal for the central

bank to target full inflation stabilization |

In standard NK models the optimal policy design is to perfectly stabilize
inflation at the steady state level, but in the presence of a flexible price sector,
the shock reflects one for one in the prices (and inﬂation) Thus, we would
expect that the planner would not be able to smooth variability in the inflation
in flexible price sector and thus not be able to achieve full (headline) inflation
stabilization i.e., in an economy with interventions in the agricultural sector, it
may not be optimal for the central bank to target zero inflation. We assess the

implications of such interventions on the design of optimal policy.

Following (Schmitt-Grohe & Martin Uribe 2007), we characterize optimal
monetary policy in the 2S-TANK model of Chapter [2| with a procurement and
redistribution shock by using two approaches (i) we assume that the monetary
authority acts like a utilitarian Ramsey planner and maximizes the weighted
average of rich and poor welfare functions (3.1)) subject to the private sector
optimality conditions and the economy’s feasibility constraints, (i1) by computing
optimal values of Taylor Rule parameters (or optimal simple rules) that maximize

economy-wide welfare via minimizing the variance of inflation and the output

gap.

7Other studies that do not subscribe to this result are Schmitt-Grohe & Martin Uribe (2007) and Khan et al.
(2003)). They introduce demand for money in the model and find the optimal policy to stabilise nominal interest
rates rather than inflation.

81t is well known that the optimal policy design depends on the nature of the shock (Poole|1970) and the model
setup (Woodford (2010)).
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3.2.1 Ramsey Optimal Monetary Policy (ROMP)

The Ramsey-monetary authority maximizes, W, given by
Wy =QWg+ (1 —Q)Wp, (3.1)

where Wp; is the lifetime welfare of the Ricardian agent and Wp, is the lifetime
welfare of poor agents and ) € [0, 1] is the weight given to rich agents by the

planner where Wi, 1s

Wi = Eq {Z B Uk (Cr 15, NK,t+s)} (3.2)

5=0
Equation [3.2] has a Bellman representation given by

Wi+ =U(Ckyt, Nit) + BEWEK 111
where

1—0o 1+
Cre 7% Ngg 7

1-—-037 1'+'¢

U(Ck,, Nk,) =

for each K € {R, P}. We use Dynare 5.2 to solve for the time-consistent
policy under commitment, where the central bank chooses a path for the policy
instrument, the nominal interest rate in order to maximise welfare in equation

B.1] subject to the equilibrium conditions specified in Chapter 2|

The model is solved using a second-order approximation around the deter-
ministic steady state, allowing us to capture both mean and variance effects of
policy on welfare. The optimal policy is derived endogenously and results in an
implicit targeting rule involving inflation, the output gap, and other endogenous

variables.
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3.2.2 Optimal Simple Rules

As the government cannot choose the allocations that a Ramsey planner decides,
we conduct welfare analysis using simple Taylor rules to see how close they can
replicate the Ramsey outcomes. We study the implications of optimal policy

conditional on the simple rule given by the Taylor Rule (3.3):

Rt — R?:lﬂ_t(l_d)r)d)ﬂﬁ(l_(br)d)yet (3.3)

To compute optimal simple rules, a welfare-based loss function based on the
second-order approximation to the lifetime utility of agents in the economy of

type K € {R, P} is given by

Wi, = E {Z B*Uk (Crc s Nic15) } (3.4)

s=0

To=T
The second-order welfare approximation takes the following form (as in

Faia & Monacelli (2007), Ginn & Pourroy (2019),Ginn & Pourroy (2022) and
Adjemian et al. (2011)):

- 1 1
W=E_, {WO}‘yflzg =W+ 5 [gaa] + §E {[guu(ul & ul)]} ) (3.5)

where W denotes the welfare value at the steady-state, g,, 1s the second
derivative of the policy function (g) with respect to the variance in the shocks,
and g,, the Hessian of g with respect to the shock vector u. The recursive

representation of welfare is given by:

Wit = Uk (Ckts Nict) + BWrk 141 (3.6)
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The aggregate welfare is then expressed as:
Wi = prWryi + (1 — ur)Wpy (3.7)

where 1 1s the share of Ricardian of rich agents in the population, while (1 — i)
is the fraction of poor agents who receive subsidised food grain as a part of the

redistributive policy.

In this chapter, we specify the loss function to be determined by the variance

of inflation and the output gap in equation [3.8]’
L=EY B {QWW? + Qﬁf} (3.8)
t=0

As is standard in the literature, we set the bounds for the persistent coefficient
in the Taylor Rule to be [0,0.99] m, bounds for the coefficient on inflation and

output-gap to be [0,3].

We compare the optimized simple rules with ROMP to see how well a

monetary authority following OSR can implement the planner’s solution.

3.2.3 Criterion

As in Schmitt-Grohé & Martin Uribe (2006)) and Schmitt-Grohe & Martin Uribe
(2007), we compute the expected lifetime utility conditional on the initial state
being the deterministic steady state. We define the welfare measure for each
agent under a monetary policy regime a (V¢ ;) to be its expected lifetime utility

at time O:

“We follow the welfare loss function used in the literature with small-scale models having a cashless economy
to perform the analysis. The literature also loss function minimization approach to determine the optimal monetary
policy instrument in the analysis of monetary targeting versus inflation targeting. Singh & Subramanian (2009)
compares the two for velocity and fiscal shocks and finds that the optimality of targeting instrument depends on the
shock under consideration. Using a similar approach Singh et al.[2017|finds exchange rate-targeting rules to be
welfare dominated by optimal money growth rules with limited asset market participation.

10We limit the upper bound to 0.99 to prevent introduction of singularity
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a l-ok Na 1+¢

= CKt Kt
Vig=Ey Y p|——— —= (3.9)
P 1—o0g 1+ %

i.e., for each agent K € {R, P}, we define the welfare measure under a

monetary policy regime a to be its expected lifetime utility at time 0 as V¢ .

We define the welfare measure () to be the percentage of steady-state
consumption that the household of type K is willing to forego to be as well off
under the steady state as under a given monetary policy regime a. i.e., agent K
would like to give up xx % of steady state consumption to avoid the volatility

from a shock under regime a.

Thus, the consumption equivalent i can be computed from:

00 o l-ok 14+
| 10— 165)C] N a
— =V 3.10
;6 1 —ox 1+ o (10

This definition captures the notion that business cycles are costly and risk-averse
agents would be willing to pay (in consumption units) to avoid fluctuations in

consumption.

3.3 Planner’s solution for shocks in the agriculture sector

(ROMP)

In this section, we first compute the planner’s solution (ROMP). Since there is
excess procurement or equivalently, less than full-redistribution (¢; < 1), the
ROMP solution is the constrained first best As the focus of our paper is on the
welfare costs of agriculture sector interventions, we compare conditional welfare

under the two policy regimes for shocks emanating from the agriculture sector

!'We assess the sensitivity of our results to the steady-state share of redistribution (¢) in Table by considering
alternate values of steady-state redistribution (¢ = 0.40 and ¢ = 0.80).
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(a procurement and redistribution shock and an agricultural productivity shock
(supply-side) and both shocks referring to a combination of the two. We present
implied volatilities of key variables as standard deviation in percentages when a

Ramsey planner maximises equation [3.1, The results are reported in Table

We observe that the welfare costs of shocks to the flexible price sector
are small. Redistributive Policy Shocks are more costly than the agricultural
productivity shock as they lead to greater output gap variability. The poor have
higher welfare costs as they are unable to smooth consumption over time due to

the absence of savings instruments.

Low Steady State Redistribution (¢ = 0.40)

Redis.Policy Agri. Prodty Both Shocks

Welfare Cost (%)
XR 0.0050 0.0020 0.0071
XpP 0.0132 0.0022 0.0154

Standard Deviation (%)

Inflation 0.214 0.806 0.834
Manufacturing Inflation 0.033 0.012 0.035
Output Gap 0.137 0.057 0.149
Rich Consumption 2.617 2.354 3.520
Poor Consumption 0.329 0.400 0.518

Table 3.1: Welfare Cost and Standard Deviations under Ramsey Optimal Monetary Policy- Low

steady state redistribution

Table presents the analysis for higher steady-state redistribution (¢). We
observe from Table 3.2|that raising steady-state redistribution share from ¢ = 0.4
to ¢ = 0.8 leads to higher inflation variability (0.214% versus 0.241%) because
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High Steady State Redistribution (¢ = 0.80)

Redis.Policy Agri. Prodty Both Shocks

Welfare Cost (%)
XR 0.0085 0.0019 0.0105
Xp 0.0325 0.0015 0.0341

Standard Deviation (%)

Inflation 0.241 0.803 0.839
Manufacturing Inflation 0.038 0.012 0.040
Output Gap 0.155 0.055 0.164
Rich Consumption 2.279 2.335 3.262
Poor Consumption 0.889 0.353 0.956

Table 3.2: Welfare Cost and Standard Deviations under Ramsey Optimal Monetary Policy- High

steady state redistribution

of a procurement and redistributive policy shock. The planner, however, does
not find it optimal to stabilize inflation perfectly We verify that raising the
steady state redistributive share of procured output raises the amount available
for consumption (because of lower buffer stock accumulation), thereby raising
steady state consumption of both agents. However, an increase in ¢ increases the
variability of poor agent consumption (0.329 versus 0.889). This is on account of
higher inflation volatility (which leads to higher variability in the subsidy policy,
A¢). Rich consumption volatility falls with higher ¢ because the Ramsey planner
raises the steady state interest rate to counteract higher inflation variability. The
poor agents are more risk averse but are unable to smooth consumption. In the
presence of higher inflation, they are willing to forgo a greater amount (0.0132%)

of their steady state consumption than the rich (0.0050%) to avoid fluctuations in

12We have verified that this result applies to manufacturing productivity shock also. Core inflation and output
gap are stabilised, but the standard deviation of aggregate inflation is 0.535%
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consumption. When ¢ = 0.80, the consumption equivalents increase to 0.0325%
and 0.0085% respectively. The welfare cost of procurement and redistributive

interventions is apparent across higher values of ¢.

In contrast, with an agricultural productivity shock, a higher steady state
redistribution lowers variability in consumption for both agents. Inflation
variability falls because higher steady-state redistribution requires lower open
market purchases of the agricultural good by the poor. This leads to lower
consumption volatility of the poor. Thus the poor are willing to forgo a lower
amount of steady state consumption to achieve stable consumption when the
redistribution share is higher (0.0015% when ¢ = 0.80 as compared to 0.0022%
when ¢ = 0.40.

When both shocks in the agricultural sector hit the economy simultaneously -
a plausible scenario in the context of EMDESs - we find that inflation volatility
rises marginally from 0.834 to 0.839. The output gap volatility also rises.
The combined shocks lead to higher consumption volatility of the poor but
lower consumption volatility of the rich, reflecting a higher steady state interest
rate with ¢ = 0.8. Compared to the each individual shock, the consumption

equivalents for both agents are higher, as is to be expected.

3.4 Optimal Simple Rules for shocks in the agriculture sector

(OSR)

We fix the procured amount to be O.21E and report the results by varying the

steady state level of redistribution from ¢ = 0.4 to ¢ = 0.8. The results of the

3This amounts to 26% of the steady state output. The average procurement share of wheat production was
27.5% in the last 5 years (excluding FY20). We use this as a proxy for the proportion of agricultural goods procured
in the model.
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analysis are shown in Table [3.3]and [3.4]

Panel A: Low Steady State Redistribution (¢ = 40%)

OSR Rule ér  Or ¢y, Welfare Cost (%) 07(%) 0ny (%)  05(%)
Redis. Policy 0 3 0 Xr : 0.0096 0.191  0.137  0.146
xp :0.0161

Agri. Prodty  0.2183 3 2.4310 Xr : 0.0091 0.068 0.121 0.444
xp : 0.0074
Both Shocks 0 3 0.2844 Xr: 0.0222 0.381 0.231 0.378

xp : 0.0256

Table 3.3: Welfare Cost and Standard Deviations under Optimal Simple Rules: low steady-state

redistribution share

Panel B: High Steady State Redistribution (¢ = 80%)

OSR Rule ér  Or ¢y Welfare Cost (%) 0.(%) 0ny (%)  05(%)
Redis. Policy 0 3 0 Xr:0.0120 0169  0.122  0.128
xp : 0.0350

Agri. Prodty 02176 3 24227  xz:00091 0067  0.121  0.441
xp : 0.0071
Both Shocks 0 307263  yp:00283 0359 0250  0.400

Yp : 0.0465

Table 3.4: Welfare Cost and Standard Deviations under Optimal Simple Rules: low steady-state

redistribution share

We find that the OSR that minimizes the variances of inflation and the output
gap from a procurement and redistribution shock puts the maximum weight on
inflation, and no weight on interest rate persistence and the output gap, i.e., the
monetary authority finds it optimal to target aggregate inflation only. Changing
steady state redistribution has no impact on the optimal policy parameters (see

Table [3.4), however, it does impact the variances.
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Shock Variable ¢  Steady State Standard Deviation
Redis. Policy Cr 0.4 3.206 2.589%
Redis. Policy Cr 0.8 3.248 2.327%
Redis. Policy Cp 0.4 0.865 0.324%
Redis. Policy Cp 0.8 0.930 0.878%
Agri. Prodty. Cr 0.4 3.206 3.448%
Agri. Prodty. Cr 0.8 3.248 3.453%
Agri. Prodty Cp 0.4 0.865 0.532%
Agri. Prodty Cp 0.8 0.930 0.526%
Both Shocks Cr 0.4 3.206 4.002%
Both Shocks Cr 0.8 3.248 3.897%
Both Shocks Cp 0.4 0.865 0.583%
Both Shocks Cp 0.8 0.930 1.005%

Table 3.5: Comparison of Consumption with Varying Redistribution

As the shock affects the level and volatility of the share of subsidized
consumption, it leads to greater volatility of consumption for poor agents (in

Table [3.5). We also find that ¢ = 0.8 leads to lower volatility of aggregate

inflation, sticky price inflation and the output gap (See Table [3.4).

As higher redistribution of the procured output lowers the reliance of the
poor on open market purchases, we verify that it lowers the variability of the
terms of trade, sectoral and aggregate inflation, and thereby interest rates. The
lower volatility of interest rates leads to lower volatility of rich consumption
(from 2.589% to 2.327%, see Table[3.3). The cost of the redistributive policy is

apparent in the higher consumption equivalent of the poor driven by higher poor
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consumption volatility because of higher variability in the subsidized share.ﬁ.

In contrast, the positive agricultural productivity shock lowers the relative
price of the agricultural commodity. As can be seen from Table for given
@, it is optimal to have persistence in the interest rates, although the values of
¢, do not change. With these parameters (¢ = 0.4 and ¢ = 0.8), there is no
discernible change in the volatility of inflation, the output gap and sticky-price
inflation. Rich consumption variability rises marginally to 3.453% while poor
consumption volatility falls marginally to 0.526% as can be seen in Table
with ¢ = 0.8.

We find that, under an agricultural productivity shock, the optimal response
of a monetary authority should be to respond to both deviations in inflation and
output gap from their targets while exhibiting persistence in the interest rate. As
in the case of a procurement and redistribution shock, the monetary authority
responds aggressively to deviations of inflation from its target. However,
similar levels of volatility across different values of ¢ lead to similar values

of consumption equivalents for the two cases.

With combined shocks, both agents’s consumption is more volatile compared
to the individual shocks. The consumption equivalents rise because the poor
agent’s consumption is more volatile (Table [3.5)) and thus they are willing to
forgo 0.046% of their steady state consumption to be in an economy with
no interventions in the agricultural sector as compared to 0.028% by the rich.
The optimal policy in this scenario is to respond aggressively to deviations of

contemporaneous inflation, more aggressively to deviations in the output gap

4“We verify that in the case of ¢ = 0.8 the variability in )\, the subsidized share of food increases to 3.151%
from 2.439% (corresponding to ¢ = 0.4). Despite lower rich consumption volatility when ¢ = 0.8, the steady state
consumption of the rich rises, which increases the conditional welfare corresponding to the deterministic steady
state. This leads to a higher consumption equivalent.
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(0.7263 versus 0.2844), but with no interest rate persistence.

3.5 Comparison between OSR and the Planner’s solution

As the focus of our paper is on interventions in the agriculture sector, we focus on
optimal monetary policy under redistributive policy shocks. We use the Ramsey
optimal monetary policy to be the benchmark regime and compare welfare from
optimal simple rules, the estimated Taylor Rule, a simple Taylor Rule having
no sensitivity to the output-gap and a standard Taylor Rule with no interest rate

persistence.

Table [3.6] summarises the volatility of aggregate inflation (), sticky-price
inflation or equivalently, manufacturing sector inflation (7,;), nominal interest
rates ([?) and the output gap (17). Row 1 reports the standard deviations under a

redistributive policy shock under the Ramsey regimeE]

We find that the optimized simple rule (OSR) features a no-smoothing interest
rate, an aggressive response to inflation and a muted response to output. The
inflation coefficient of the optimized rule takes the largest value allowed in our
search, namely ¢, = 3. As the optimized rule features no interest-rate inertia,
there is no difference in the long-run impact of monetary policyﬂ We also find
that the optimized rule is quite effective as it delivers welfare levels remarkably

close to those achieved under the Ramsey policy, as evident by the low values of

15As the Ramsey planner determines the nominal interest rate through maximisation of welfare subject to the
equilibrium constraints, the Taylor Rule is not applicable and the Taylor coefficients are reported as ‘-’. Furthermore,
as it is the reference category, g = xp = 0.

16Raising the upper bound to 10 increases the optimal value of ¢ to the new upper bound in Table in
the Technical Appendix [Bl However, the associated changes in consumption equivalents are quantitatively very
small. These findings are consistent with Schmitt-Grohé & Martin Uribe (2006)), who show that while the inflation
coefficient is important for determinacy, its precise value has only a limited effect on welfare.

"This is a result of the Taylor Rule specification and no persistence of the monetary policy shock. Relaxing
these two allows for significant long-run impact of inflation on interest rates as in Schmitt-Grohe & Martin Uribe
(2007).
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X- While the planner can achieve lower sticky price inflation (o,,, = 0.038%),
which is close to full core-inflation stabilisation, under OSR, aggregate inflation
variability, o, i1s lower. This is because under OSR, the monetary authority
places a high weight on minimizing the variance of inﬂation@@ The planner

can achieve significantly lower volatility in the interest rates via commitment.

We compare the welfare cost under non-optimized rules as well. We find
that a monetary authority following the optimal simple rule is better able to
stabilise inflation and the output gap than all three non-optimized rules under
consideration. A monetary authority following the estimated Taylor Rule
(equation [2.50) from the Bayesian exercise in Section [2.4.3]in Chapter [2] can
stabilise interest rates well but suffers on account of higher inflation and output-
gap volatility. A standard Taylor Rule with an inflation coefficient of 1.5 leads to

lower volatility in inflation.

The positive consumption equivalents suggest that conditional and uncondi-
tional welfare are higher under Ramsey than in alternative regimes (optimized
rules, simple Taylor rule, and the standard Taylor rule)@. We find that
consumption equivalents are substantially higher under non-optimized rules
for both rich and poor households compared to OSR, implying high welfare
costs associated with redistributive policy shocks when non-optimized rules are

used in setting monetary policy@

13We use a weight of 0.9 on inflation and 0.1 for output gap for computing Optimal Simple Rules in the analysis.

19n addition to stabilizing price and output stability, the planner has an additional goal to stabilise short-term
consumption as he cares about the welfare of the poor agent.

20Conditional welfare is the expected utility starting from a specific initial state or shock realisation. In contrast,
unconditional welfare is the expected utility over all possible future paths, averaged across the ergodic (long-run)
distribution of shocks. It assumes the economy starts in its long-run steady-state.

2I'The negative consumption equivalent estimated using the Bayesian method for both conditional and
unconditional welfare for the poor reflects the high steady state consumption of poor households in the Bayesian
regime. This result is independent of the weights given by the planner in equation 3.1} Bayesian estimated rules
lead to the most aggregate inflation volatility.
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3.6 Sensitivity Analysis

In this section, we assess whether our results are sensitive to (i) the planner’s
relative weight on the rich agent’s utility (£2), and (ii) the weights on inflation

and output gap for computing optimal simple rules.

3.6.1 Altering weights in the Ramsey planner’s objective function

(2 # pr)

We compare our benchmark results of a utilitarian planner who values the
welfare of both agents and assigns weights equal to their population shares to:
(1) a Ricardian planner - who only values the Ricardian agents’ welfare (i.e., sets
(2 = 1 in equation [3.1)), and (ii) a Rawlsian planner - who only values the poor
(i.e., sets 2 = 0 in equation [3.1I). The results are reported in Table 3.7} We find
that placing a zero-weight on the utility of financially-constrained agents makes
the planner come closer to full inflation stabilization (o, = 0.129%) which is a
superior to a monetary authority following Optimal Simple Rules (see Table
or = 0.169%).
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Variable Rich Welfare Average Welfare Poor Welfare
Q=1 Q= pug Q=0
Inflation 0.129 0.241 0.353
Manufacturing Inflation 0.022 0.038 0.052
Aggregate Output 0.758 0.841 0.921
Output Gap 0.085 0.155 0.222
Rich Consumption 2.401 2.277 2.170
Poor Consumption 0.867 0.889 0.908
Employment 0.713 0.760 0.804

Table 3.7: Comparison of Standard Deviation (%) by altering the objective function for Ramsey

planner

Hence, whether full inflation stabilisation would be obtained depends upon
the relative preference for the rich and the poor agents@ Our results are in line
with Mehrotra & Yetman (2014)), who find a positive correlation between the

share of Ricardian households and the relative volatility of output to inﬂation@

3.6.2 Altering weight on inflation and output gap in OSR ({2, # 0.9 and
Qy #0.1)

In this subsection, we reverse the weighting scheme used in the monetary

authority’s objective function in Section i.e., we set the weight on inflation

to be 0.1 and the aggregate output gap to be 0.9. Table [3.9] summarises the

results.

Assigning greater weight to the output gap in the monetary authority’s

22The impulse response functions for a procurement and redistribution shock are presented in Appendix [Bl They
show that sectoral and aggregate inflation rise by much more when the planner maximises the welfare of the poor.
This is because of a shift in policy trade-offs: maintaining price stability and output stability are no longer the
primary goals, but are instead balanced against the urgent need to preserve consumption for liquidity-constrained
households.

23The ratio increased from 2.6 when = 0 to 5.9 when 2 = 1.
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objective function raises the relative importance of output stabilisation relative
to inflation. This can be achieved in by having higher value of ¢,, lower value
of ¢, or higher value of ¢, as the latter reduces the effective weight on inflation

(1-¢,)@,. We observe that the third does indeed take place.

(€, = 0.1, Q, = 0.9) with ¢ = 0.80

OSR Rule &, ¢r ¢, Welfare Cost (%) 0.(%) 0, (%) 03(%)
Redis. Policy 0 30 yg=0.0120 0.169 0.122  0.128
vp = 0.0350

Agri. Productivity 0.7160 3 0  xr = 0.0032 0.590 0.074 0.103

Yp = 0.0029
Both Shocks 05585 3 0 g =0.0156 0.542 0.146  0.244
Yp = 0.0380

Table 3.9: Welfare Cost and Standard Deviations under Optimal Simple Rules Using Alternative
Weights

We find that the Taylor rule parameters under modified weights don’t change
for a procurement and redistribution shock. Hence, the welfare costs in terms of
conditional consumption equivalents (y z and x p) in Table [3.3]and Table [3.9] and
volatility of sectoral inflation, aggregate inflation and aggregate output gap are

identical.

However, the welfare costs in terms of conditional consumption equivalents
(xr and xp) are significantly lower for agricultural productivity shocks both
shocks when the monetary authority places a higher weight on the variance of
the output-gap term in the objective function, indicating that it is closer to the

deterministic steady state. Even though the inflation-coefficient in the OSR rule
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is the same in both cases, because the output-coefficient is significantly higher
with 2, = 0.1, we find manufacturing sector inflation and aggregate output gap
to be more stable, while aggregate inflation to be more volatile. The variance of
aggregate inflation is higher when €2, = 0.1 in Table [3.9than in Table where
Qr = 0.9 (0.590 versus 0.067 in the case of agricultural productivity shocks
and 0.542 versus 0.359 in the case of both shocks). Sectoral inflation exhibits
lower volatility with 2, = 0.1 (0.074 versus 0.0121 in the case of agricultural
productivity shocks and 0.146 versus 0.250 in case of both shocks). The output
gap is significantly less volatile with €2, = 0.1 (0.103 versus 0.441 in the case
of agricultural productivity shocks and 0.244 versus 0.400 in the case of both
shocks). This is consistent with theory, as aggregate inflation is determined by
the weighted average of inflation in the flexible price sector (agriculture) and
the sticky-price sector (manufacturing). Since the sticky-price sector drives the
output gap, fluctuations in the output gap influence aggregate inflation indirectly.
Thus, if the monetary authority places a greater weight on output-gap stabilisation
in the presence of redistributive-policy shocks, the economy would face greater

volatility of aggregate inflation.

3.7 Conclusion

In this chapter, we compute the welfare costs of redistributive policy shocks
and show that, although positive, they are quantitatively small. Rich households
are willing to forgo 0.0096 — 0.0120% of their steady-state consumption to
be in a regime without such shocks, whereas poor agents are willing to forgo
0.0161 — 0.0350%. Hence, while the aggregate welfare effects are modest,

redistributive policy shocks are more costly for poorer agents and generate larger
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welfare losses than agricultural productivity shocks.

The optimal simple rule for a redistributive policy shock prescribes no interest-
smoothing or output gap stabilisation, and a strong response to inflation. In
contrast, non-optimal monetary policy responses result in significant welfare

costs for both agents in the presence of redistributive policy shocks.

When comparing the OSR to the utilitarian Ramsey planner, we find that
full inflation stabilization is not optimal under the planner’s solution. As the
planner assigns positive weight to the hand-to-mouth agent, the Ramsey-optimal
policy incorporates an additional objective of supporting current consumption.
In attempting to raise the income of poorer households through higher aggregate
demand, the planner moderates the interest rate response to shock-induced
inflation. As a result, inflation volatility is higher under the Ramsey allocation
than under the OSR. Consistent with this mechanism, increasing the weight on
output-gap stabilization reduces welfare losses in consumption-equivalent terms
but increases inflation volatility. Overall, our results underscore the inherent
trade-off between distributional objectives and price stability when monetary

policy responds to redistributive policy shocks.
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Chapter 4

Informality and Fiscal Consolidation

4.1 Introduction

The COVID-19 pandemic led to a sharp and widespread increase in public
debt across advanced and emerging economies, raising renewed concerns
about fiscal sustainabilityﬁ As monetary policy space narrowed in several
countries—particularly in the presence of low interest rates and binding lower
bounds—fiscal policy became the primary instrument for macroeconomic
stabilisation. Yet fiscal expansion in highly indebted economies involves a
clear trade-off: policies that support output and employment in the short run

may simultaneously worsen debt dynamics via higher borrowing requirements

IThis paper is joint work with Chetan Ghate (ISI Delhi)
2See https://www.imf.org/en/Blogs/Articles/2025/05/29/
debt-is—higher—-and-rising—-faster—-in-80-percent-of-global-economy.
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and increasing risk premia. Understanding how fiscal interventions affect both
output and the evolution of public debt is therefore central to macroeconomic

policy design.

The macroeconomic effects of fiscal policy have been extensively studied
within New Keynesian frameworks. The optimal design of counter-cyclical fiscal
interventions depends on monetary accommodation, the degree of economic
slack, and the persistence of shocks (Gali & Monacelli 2008; Coenen et al. 201 3)).
Fiscal multipliers are significantly larger when monetary policy is constrained
by the zero lower bound (Christiano et al. 2011; Erceg & Lindé 2013)), and they
vary with the nature and duration of fiscal shocks (Coenen et al. 2012) as well
as with the specific instrument employed (Cloyne et al. 2020). While some
contributions argue that fiscal expansions can be partly or fully self-financing
when multipliers are sufficiently large (DeLong et al. 2012), others show that
persistent increases in deficits may permanently reduce output and raise debt
ratios (Fatas & Summers 2018)). These results highlight that fiscal policy effects

are highly state-dependent.

The composition of fiscal adjustment has also received considerable attention.
Empirical evidence from advanced economies suggests that expenditure-based
consolidations are, on average, less contractionary than tax-based adjustments
(Alesina & Ardagna 2010; Alesina et al. 2019aj; Alesina et al. 2019b)). However,
these findings are sensitive to institutional context and monetary conditions
(Erceg & Lindé 2013). A related strand of the literature shows that fiscal
consolidations may be expansionary under particular conditions. Early con-
tributions emphasise credibility and expectation effects, whereby large and

credible adjustments lower interest rates and stimulate private demand (Giavazzi
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& Pagano |1990). More recent DSGE analyses instead highlight structural
general equilibrium mechanisms, showing that the macroeconomic effects of
consolidation depend on the composition of spending cuts and on the degree of

substitutability between public and private goods (Dave et al. 2021)).

The transmission of fiscal policy may differ substantially in emerging market
and developing economies (EMDES) Cross-country evidence indicates that
fiscal multipliers are generally smaller in emerging markets than in advanced
economies (Ilzetzki et al. 2013j; Kraay 2012; Hory 2016). Structural character-
istics—such as limited fiscal space, weaker tax capacity, and large informal
sectors—further complicate fiscal adjustment (La Porta & Shleifer 2014)).
Informality is particularly important because it narrows the effective tax base
and alters behavioural responses to taxation (Alba & McKnight 2022). When
tax rates increase, labour and production may shift toward the untaxed informal
sector, reducing the realised revenue gains from consolidation as observed for
Greece between 2010 and 2015 (Dellas et al. 2024). In large cross-country
samples, higher informality is associated with a greater likelihood of fiscal
consolidation episodes, suggesting tighter fiscal constraints in such economies

(Jalles et al. 2025)).

A growing empirical literature documents interactions between fiscal policy
and informality. Using data for Asian economies, Pham & Le (2024) show
that fiscal expansions are associated with increases in both public debt and
informality. Employing a narrative identification approach for Latin American

and Caribbean countries, Thibault (2020) find that consolidation multipliers are

3While Alok Kumar (2023) and Colombo et al. (2024) find evidence of tax-based consolidations to be costlier
for EMEs, Thibault (2020) and Carriere-Swallow et al. (2021)) find no significant difference between tax-based
and spending-based fiscal multipliers in LAC. This may be because of non-linear effects of tax changes on output
(Gunter et al.|2021).
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larger in economies with lower levels of informality. At the microeconomic level,
higher labour income taxes induce reallocation toward informal employment,
reducing average earnings and measured productivity (Esteban-Pretel & Kitao
2021; McPhail et al. 2018)). Despite these findings, theoretical frameworks
capable of jointly analysing public debt dynamics, fiscal instrument choice,
and endogenous labour reallocation across formal and informal sectors remain
limited (Junior et al. 2021, Dellas et al. 2024, Ferrara et al. 2025)). Existing DSGE
models incorporating informality focus primarily on business-cycle dynamics
or monetary transmission (Fernandez & Meza 2015}, J. Horvath & Yang 2022;
Leyva & Urrutia 2020; Alberola & Urrutia 2020; Colombo et al. 2019), and
do not explicitly examine how informality shapes the debt effects of alternative

fiscal consolidation strategies.

This chapter addresses that gap by developing a two-sector, two-agent New
Keynesian (2S-TANK) closed-economy model featuring a productive formal
sector and a lower-productivity informal sector that is largely disconnected from
taxation and formal financial markets. The framework incorporates key stylised
features of developing economies documented by La Porta & Shleifer (2014),

including sizeable steady-state informality and segmented labour markets.

Within this environment, we examine three questions. First, how does infor-
mality alter the response of public debt to government spending shocks? Second,
how do tax-based versus spending-based fiscal consolidations affect labour
allocation between formal and informal sectors? Third, how does the degree of
substitutability between public and private goods modify the debt-output trade-
off, following Dave et al. (2021)? Our comparison of consolidation instruments

relates to findings that reducing public investment may be particularly costly
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(Stdahler & Thomas 2012)) and that fiscal instrument choice significantly shapes
macroeconomic outcomes (Alok Kumar2023; Anand & P. Khera2016; Colombo

et al. 2024).

By explicitly modelling labour segmentation and fiscal capacity constraints,
this chapter links fiscal consolidation to endogenous labour reallocation and

demonstrates how informality reshapes debt dynamics in developing economies.

The next section documents the stylised empirical patterns that motivate the
model. Section 3 presents the model. Section 4 describes the parameterisation
and reports the impulse responses to fiscal policy shocks. Section 5 discusses

model extensions, and Section 6 concludes.

4.2 Stylised Facts

This section documents cross-country evidence linking informality to public

debt dynamics and fiscal adjustment.

* Stylised Fact 1: Informal economic activity constitutes a substantial share
of output and employment in emerging market and developing economies
(EMDESs). Although the size of the informal sector has declined gradually
over time, it remains significantly larger than in advanced economies

(Medina & Schneider 2019).

 Stylised Fact 2: High levels of informality constrain tax capacity and

complicate fiscal consolidation in EMDE:s.

Economies with larger informal sectors tend to have higher debt-to-GDP ratios
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Figure 4.1: Informal output in official GDP (%)

Source: IMF World Economic Outlook (April 2025) and ILO Informal Economy Database (2021). Official output

is measured by the Multiple Indicators and Multiple Causes (MIMIC) approach.
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Source: MIMIC-based estimates from Informal Economy Database, ILO & World Economic Outlook. Data on

informal output is not available for Seychelles and West Bank and Gaza in the Informal Economy Database. Figure
[.3]illustrates a negative relationship between changes in general government debt-to-GDP ratios (2000-2019) and
the share of informal output as a percentage of GDP, estimated using the MIMIC approach from the ILO’s Informal

Economy Database.

(see Figure 4.2)) and experience smaller reductions in debt over time (as in Figure
4.3). By narrowing the effective tax base, informality limits revenue mobilization,
and attempts at revenue-based consolidation may push activity into the untaxed

sector, making debt stabilization more difficult[]

Taken together, these stylised facts point to a structural mechanism linking
informality, fiscal capacity, and debt dynamics. They motivate a framework in
which fiscal policy not only affects aggregate demand but also influences labour

allocation across formal and informal sectors, thereby reshaping the evolution of

public debt.

“Fiscal consolidation poses greater challenges in EMDEs compared to advanced economies. Figure in the
Appendix [C|shows kernel density plots of the average value of deficits and by regions from 1980-2023 by region.
We observe that EMDEs had steady, modest deficits between 1980-2023, signifying lower fiscal capacity. Huidrom
et al. (2018) shows that an increase in fiscal space is usually accompanied by a move toward countercyclical and
thus more effective fiscal policy stances.
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The next section presents the model.

4.3 Model

The model economy consists of four types of agents - households, firms,

government and monetary authority.

4.3.1 Households

There are two types of households in the model -Ricardian and Rule of Thumb
households. Ricardian or optimising households have unrestricted access to
capital and financial markets and can smooth consumption intertemporally by
saving in the form of physical capital and government bonds. They decide
how much formal and informal goods to consume, invest in physical capital
and purchase government bonds. They are the owners of both formal and
informal firms and receive dividends from both. A share € (0, 1) of the formal
household members work in the formal sector while 1 — 7 supply their labour to
the informal sectorE] As 1s standard in DSGE models, we assume that households
incur disutility from working. We assume that the disutility from working in

the informal sector is greater than working in the formal sector for Ricardian

households [

In contrast to the Ricardian households, the Rule of thumb agents are liquidity

SThis assumption allows us to match the first order moments well. We relax this assumption in Section

®Informal jobs are frequently characterised by irregular or contractual arrangements, which not only result in
job insecurity but also tend to be less respected within communities. Workers in the informal sector may lack formal
job titles, career advancement opportunities, and the social recognition that comes with stable, formal employment.
This can lead to a sense of marginalisation and lower self-esteem, as informal work is often perceived as less
prestigious or even as a "last resort" compared to formal sector positions. These social factors—combined with the
absence of legal protections and benefits—reinforce the notion that working in the informal sector is associated with
greater disutility than formal employment. Zhou et al. (2024) finds negative impacts on psychological well-being for
China, while Martinez & Zafra (2025) find that informal workers experience more negative emotions such as worry,
depression, and anger and have lower job satisfaction. They find that workers Informal workers in Cali, Colombia,
exhibit lower life and job satisfaction compared to formal workers.
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constrained, 1.e., they consume their labour earnings every period. Thus, they
are also referred to as hand-to-mouth agents and represented as /. They decide
on how much formal and informal goods to consume and supply labour to
the informal sector. The fraction of the hand-to-mouth agent is set to w &€
(0,1), while the remaining fraction 1 — w, represents the share of Ricardian
households in the economy, denoted by R. Both (R and H) agents receive a
lump sum transfer from the government. We assume that both agents derive
utility from effective consumption and disutility from working. Consumption for
both agents is a composite of the private good and public consumption (effective
consumption), as in Eric M Leeper et al. (2009), Coenen et al. (2013)), and Troug
(2020),|Z| where the private good is a composite of both the formal and informal
good, as in Keller (1976)ﬂ A value of e — 0 implies that public and private
goods are perfect complements (examples include law and order, basic education,
operas and movie halls) while e — oo signifies that private and public goods are
perfect substitutes. o = 1 indicates that agents derive utility only from private

consumption /]

"Troug (2020) uses a non-separable utility function in a 1 sector-RANK framework and introduces government
consumption in utility financed by lump-sum taxes. He finds that the slope of the IS curve would be flatter when
there is utility from government consumption, and public and private goods are complementary. Eric M. Leeper
et al. (2017) introduces a linear additive form where C} = C; + ag Gy, where o > 0 denotes substitutability and
ag < 0 denotes complementarity between private and public consumption. However, effects of public consumption
are independent of the level of private and public consumption. Our CES specification follows Bouakez & Rebei
(2007), Sims & Wolff (2018) and improve realism.

8We abstract away from differences in household preferences - the consumption baskets of both households are
the same i.e., preference parameters such as elasticity of substitution between public and private goods (e>0), the
relative importance in the utility function (y¢ € (0, 1)), the elasticity of substitution between formal and informal
goods (e > 1), the relative preference for formal and informal goods (¢ € (0, 1)), the elasticity of substitution
across varieties (o & o), the inverse of Frisch labour supply elasticity (¢) are identical for both agents.

The chosen utility function implies that government consumption directly impacts private consumption in
addition to the indirect wealth effect. However, it does not alter the relative choices between formal and informal
consumption demands.
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Ricardian Households

Ricardian households maximize their discounted lifetime utility derived from pri-
vately consumed formal (F) and informal (I) goods (Cgt and C]Iﬁ, respectively),
and the public good (G;) adjusted for the dis-utility obtained from supplying
labor in the formal and informal sectors (N 57 . and N ]{i’t, respectively). Their

optimization problem is given by:

00 F 149 I 149
max Ey Y B4 log Cry — nxi——— — (1 — n)Xp——
. pr 1+ ¢ 1+ ¢
CR,t? CR,t? LR,t?
ijfi,tv BR,t7
Kg,tv Ki{,t
(4.1a)
where O = [%‘5 iy +(1=7) -G, ] (4.1b)
1 el 1 =17 =9
Cry = [ai + (Ch) T + (=0t (Ch) 7] @0

where ¢ is the inverse of Frisch elasticity of labour supply and x4, x%, > 0 are

preference parameters related to work effortm

The Ricardian households maximize (4.1)) subject to the budget constraint in

0Various assumptions with respect to labour supply are made in the literature. Colombo et al. (2022) assumes
both agents supply labour to both sectors and the demand for each variety is uniformly distributed among household
types. However, accounting for frictions to labour mobility in the developing-country context, we assume that only
the Ricardian agent can supply labour to both sectors, but there are no frictions to setting wages. Alok Kumar (2023)
and V. Gabriel et al. (2016) also assume informal sector labour supply by Ricardian agents. The former assumes
greater dis-utility in working in the formal sector which is counterintuitive while the latter introduces an exogenous
markup in the formal sector. We get a wage premium based on higher productivity in the formal sector.
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P PF P! Bpry

PF I
1 t CF _CI IF _t]I
( + TC7t) Pt Rt + Pt Rt + Pt Rt + Pt Rt + Pt

<(1- T}?,t)rﬁ,tffﬁ,t_l + (1 - Tf,t)nwag,t + (1 - n)wafz,t (4.2)
Bry 1R
T Tk K H AT AT

and capital accumulation constraint (4.3) for j € {F, I}:

Kg%,t =(1- 5)Kg%,t71 + [é,t (4.3)

where Pl" and P! are the prices of formal, informal goods respectively, while
P, represents the price index of the composite good, rf;’t > 0 and rf(,t > 0
are the real returns to capital in the formal and informal sector, w! and w! are
real wages in the formal and informal sector respectively, and 7¢; € (0, 1),
Tit € (0,1) and Wt € (0, 1) are tax rates imposed on consumption, return to
capital and labour services in the formal sector, Br; is the nominal value of
bonds purchased in period t. [ fit and / II%,t are the investments undertaken by
each Ricardian household in physical capital in the formal and informal sectors,
respectivelyﬂ A" and Al are the real profits of owning the formal and informal

firms, and I'; are real value of lump sum taxes.

We assume that consumers value variety and are willing to pay a premium
for differentiated products. Thus, we assume both formal and informal good are

CES aggregates of differentiated products 2/, for each type of good j € {F, I}.

The sectoral demand of good j € {F, [} by agent k € {R, H} is given by@:

"'We assume that there is sector-specific capital. Since we assume no investment adjustment costs in the
benchmark model, the price of the investment goods are the same as the price of the final goods.

12The aggregate consumption demand of sectoral goods is a weighted average of households’ demands. As we
assume symmetric preferences for agents, aggregate consumption is (4.4)
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) 1 ) ) ajj—_l ] ol —1
Cli= ( | ()’ dzf> @4
0

Thus, the sectoral price index is given by:

P/ = ( /O Pt](zj)l"]dzj) (4.5)

and the demand for each type C;(z7) is given by:

| i\
Ci(z) = (%ﬁf”) Cy (4.6)
t

Optimizing conditions The Ricardian household pays a tax () and receives a
social security benefit (75;) on the income earned from the supply of labour in
the formal sector. As the informal sector is ‘unofficial’ and is outside the tax net,
no such tax/benefit is received. The Ricardian household equates its marginal
value of consolidated labour income in each sector with the dis-utility of working
in that sector to determine the optimal labour supply in the formal sector, as in

equation (4.7) and the labour supply in the informal sector, as in equation (4.8§).
¢
(1= 7iv + 79)w; Ape = XL, 4.7

where (1 — TV}[;’ .+ Tg) acts as a wedge between the real wages in the formal sector
and the marginal rate of substitution. Lower tax rate on formal sector wages and

higher social security benefits raise the supply of labour in the formal sector.

¢
wiAry = XLk, (4.8)

The optimality conditions for bonds (Bg ), formal and informal capital (KtF

and K) are given by:
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R
Ars = B, [AR,tHH ! ] (4.9)

t+1

- p \

~~”

P,
Art = PE¢ [ ARti1 g HtFH(l —0) +(1- TI?tH)TIl?,tH < : ) (4.10)
N .

pr

Capital resale value ™ ~~
Net capital income

L \ 7 4

where I17

P,
Ary = BE [)\R,t—i—l {H{H(l —8) + Iy (ﬁ) H 4.11)
t

where A\ is the shadow price of the household’s budget constraint i.e., the
household equates the marginal utility cost of investing one unit of sectoral capital
with the expected discounted marginal utility benefit from the next period’s
(undepreciated) capital value and after-tax rental income. The demands for the
formal and informal goods C]’%?t for j € {F, I} are given by equation (4.12)
and (4.13), respectively.

F 1 _1

P 11 1 e—-1
/\f-(1+TC7t)-—tt = (1 —ac) 7&Cry- [’yg : C{g’t “ +(1—70)

e—1 1

‘Gzte } ’OR,t ‘
(4.12)

® =

P,

1.e., the household equates the marginal utility of consumption of the formal
good to the marginal cost of purchasing the formal good, which is the shadow
value of wealth times the after-tax price of the formal good.

pI

ML — (1 -«
4 Pt ( C)

o=
=

e—1 -1 I -
> . Gte i| CRJ; €
(4.13)

®

11 1 e=1
(U =90)" Cri- e Che ™ + (1 =70)
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i.e., the household equates the marginal utility of consumption of the informal
good to the marginal cost of purchasing the informal good, which is the shadow
value of wealth times the price of the informal good, as the informal good is

outside the ambit of taxation.

The price index corresponding to the household’s optimization problem is
given by:

1

P = (1= ac) (1 + 1) PEY + ac (Pl ] ™

Py

and aggregate inflation is given by II; = P

1—e€ 1—e€
P, I
H§€:(1—acy{u+4@gnffjﬂ} +ao{nj “4} (4.14)
t—1

Rule of thumb Households

H agents are excluded from the financial and formal sector labour markets by
assumption. They choose the amount of sectoral consumption (C%;, and C%, )
and labour hours in the informal sector (L§[7t) by maximizing utility (in equation
(@.15)) subject to income earned from working in the informal sector and lump

sum taxes in every period.

The household of type H solves

_ L%_I 14+¢
a log Cry — ! 4.15a
(ChoChothy) { ST } @b
where CN’H¢ = [%1 - C’it1 + (1 - %)é : Gzel} o (4.15b)
aﬁ:[%-«gg?441_%ﬁ.wﬁg?rl (4.15¢)
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subject to
PF PI WI
1 —Ch,+ =Ch, = — Ly, —T 4.16
( +TC’t)Pt Hi T p, CH = Tp e b (4.16)

where I'; represent lump-sum taxes to the financially unconnected householdsm

The optimal consumption of the H households for the formal and informal goods

are governed by equations and (4.18)), respectively:

F

P, 101 101 el 1 em1q—l 1
M (res) =5 = (1 —ac) 76-Chly [75 Oy © + (1 =n0) - Gy* ] Oy

)

B

P! 111
M= (L= ac) (L=170)" e |7 - Chy

e—1

e—1

a =

o=

(4.18)
1.e., the H household equates the marginal utility of consumption of the formal
and informal goods to the marginal cost of purchasing the respective good in
equations and (4.18)), respectively. As for the R agents, the marginal costs
are measured as the shadow value of wealth times the price of the respective

good inclusive of taxes.

The H agent chooses the labour supply to equalize real wages and the disutility

of supplying labour. The optimality condition for supplying labour is given by:
—-Amt = Xo Ly, (4.19)

4.3.2 Firms

Both sectors are characterised by monopolistic competition, i.e., a continuum of

intermediate-good firms produce differentiated products on a unit interval in each

13Note that we have assumed that both households pay the same lump-sum taxes. I'; < 0 implies a transfer.
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sectorﬂ The final sectoral output is a Dixit and Stiglitz aggregate of intermediate
goods. The production function of a firm producing variety 2/ € [0, 1] in sector

g € {F, I} is given by:
Y7 (27) = AJ(K (7)) (L (7))~ (4.20)

where A7 is the sector-specific productivity shock, Y7 (27), K’/ (27), Li (27) are
the sector-specific output, capital and labour employed in the firm producing the

variety 2/ in sector j, respectively.

The final good is given as a CES aggregate:

cfj—_l ol -1

. 1 . . .
Y/ = / (Yﬁ(%)) 7y 4.21)
0

for 2/ € [0,1], where o7 is the elasticity of substitution between varieties
in sector j € {F,I}. We assume that each intermediate goods firm, z,
maximizes discounted real profits (A‘z (z)) subject to the production function
(equation (4.20)) and the demand for it’s variety (equation (4.21])) and incurs
an increasing and convex cost while adjusting prices from the previous period
(following Rotemberg (1982)). The price adjustment cost is measured in terms

of its sectoral output as:

i [ Pl

. . "2 z
Price ad]ustment cost = 7 #
P (27)
14The existence of monopolistic competition can be tested by having differentiated varieties of goods or positive
markups. As data on product characteristics are not available in Annual Survey of Unincorporated Sector Enterprises,
we are unable to infer product differentiation directly. Ideally, we could estimate markups based on market shares as
in Brooks et al. (2021). This paper follows Loecker & Warzynski (2012) and De Loecker et al. (2016) and requires a
firm-level panel data for estimation. Due to the absence of a firm-level panel dataset for the I sector firms, we could
use the approach as in Sivadasan (2009) and Santanu Chatterjee et al. (2021)). De Ridder et al. (2024) uses financial
data of firms to estimate markups; however, this approach can be used only to estimate the dispersion of markups,

not the average level of markup. Monopolistic competition has been assumed for both sectors in few papers Anand
& P. Khera (2016)), V. Gabriel et al. (2016)in the Indian context.

2
—1| PY} (4.22)
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As Ricardian households are owners of firms, the firms’ optimisation problem is

given as:

max E, E Qt,t+s

{P)(29),L4(=9), K, (9}

¢ [ P/() pyy

2 \ P/ (29) B
Pizi)\
) 4 ]
- (1) 7

where Q145 = % is the stochastic discount factor of the R agents, mc] (/)

is the real marginal cost incurred by the firm producing variety 2/ in sector

je{F,1}.

o Pl Y
(1+ Té)wi = (1-— oﬂ)—t (—t> (4.23)
B\ L
, -Pj Yj
TjK’t = aﬂﬁ <K%j> (4.24)
t

where wi and rf are the real wages and rental rates of capital in sector j. Firms
hire labour and capital until the value of the additional unit of output produced
(in terms of the composite good) is equal to the marginal cost to the firm adjusted

for the price level of the composite good. The optimal demands for labour and

capital are given in equations (#.23) and (#.24)), respectively|"|

The price-setting equation is given by:

(H{ - 1) M= (1 e ajmcz>—|—Et Queilll, (H{H . 1) Vi, MM
i ’ Y/ iy

578" = 75 while 7 = 0 as there are no social-security benefits in the informal sector.
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where

A
Qt,t—i—l — ﬁEt f’t+1
Rt

is the stochastic discount factor of the R agents. Thus, in a two-sector model,
the inflation rate depends on the cost of price adjustment, current and future real

marginal costs of production and relative prices.

4.3.3 Monetary Authority

The monetary authority sets the nominal interest rate using a simple Taylor Rule:
R, = R"PrRO% 1" e (4.25)

where 11, is the aggregate inflation in the economy, pp € [0, 1) is the degree
of persistence in the Taylor Rule, p, measures the inflation sensitivity of the

nominal interest rate and monetary policy shock v; ~ N (0, o2).

In our setup, aggregate inflation is determined by equation (4.14)).

4.3.4 Government

The government receives revenues from taxing capital deployed in the formal
sector at Tllgt, formal labour supply at T‘ff’t, and consumption of the formal
good at 7¢;, lump-sum taxes I'y and new issuance of one-period risk-free
bonds. Government expenditures include the amount spent on government
consumption (G;, and the repayments of bonds issued in the previous period
(interest payments). We assume that government consumption is determined
exogenously, the issuance of debt is determined from equation (4.26)), and lump
sum taxes adjust from the steady state level by deviation of the actual debt-output

ratio from a target (steady state). The government budget constraint is given
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by}

B;_ P
Gr+ (1 —w)Ri4 ]tD L _ TCt CF + TWtwt LF + (1 - w)TKtT’KtKDF
t
B
(1w 2T, (4.26)
P

We assume that there is some persistence in fiscal policy measures, i.e.,
government spending and tax rates are determined by their long-term value,
the previous period’s value and a random shock. The government procures
goods exclusively from the formal sector. Government consumption follows the

following AR(1) process:

Gy = GU=re) qre, efer (4.27)

where e, ~ N(0,0%). We assume that the tax shocks follow first-order

stochastic processes, i.e., tax shock €;; ~ N(0, 0?) for i € {K, W, C'} are given

by equations (4.28)-(#.30).

Tiee = (1= pr).Ti + Pr T 41 + ERy (4.28)
TWt (1 — pw). Ty + PWTWt 1+ ew (4.29)
& = (1— po) 78 + perly 1 +ecy (4.30)

We assume that lump-sum taxes (I';) follow a pro-cyclical fiscal rule to ensure

fiscal solvency. In the short-run, lump-sum taxes deviate from their average

161n the current setup, the government has access to six policy instruments. 3 tax instruments (7'}? & TV};/t, Tg 1
lump-sum tax to households (I';), government consumption (G) and issuance of debt (B;11)
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value based on deviations of the debt-output ratio from its long-run value using a

procyclical fiscal rule.

B B\"| "
=17, (2= 431
t t—1 { (%/Y> } ( )

4.3.5 Market Equilibrium

The formal goods market clears when formal output equals the sum of private
and public consumption, firm investment, and price adjustment costs (see
equation (4.33))). The informal goods market clears when informal output equals

household consumption, firm investment, and the resources lost due to price

adjustment (equation (4.34)).

VE =1 -wCh, +wlh, + (1-w) (4.32)
v N j ’/ N\ ~~ 7
Formal Output Private ngsumption Total Investment
F
Y \F(_F 2
+ Gt +3¥ (7Tt - 1)4 (433)

Public Consumption - "
Price Adjustment Cost

I
¥
v/ =1 -wCh, +wCh, + Y (x] — 1) (4.34)
t Rt Hy T 5 1 Ty
v . ~ i N .,
Informal Output Private Consumption Price Adjustment Cost

The labour market is in equilibrium for both sectors. 1.e., the labour demanded in
the formal sector equals the labour supplied to the formal sector by the Ricardian
agents,

Li = (1 —w) L, (4.35)

and the labour demanded in the informal sector equals total labour supply to the
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informal sector by both agents,

L{ = (1—=n).(1-w)L, +w.L,. (4.36)

The capital rental market clears in each sector when capital demand by inter-
mediate goods producers equals the supply of sector-specific capital provided by

Ricardian households, i.e.,
KP' =(1-w)Kp, 4, (4.37)

and

KP'=(1—w)Kh, . (4.38)

The monetary authority sets the nominal interest rate according to the policy rule,
while government debt evolves according to the government budget constraint.
In equilibrium, household bond holdings equal the supply of government debt,
1.e.,

Bt == (1 — w)BRJg. (439)

Aggregate GDP is determined as the total value of the output produced in the

cconomy.
’ tF F tI I
v Lbyr Ly 4.40
tTp ot T p (4.40)

4.4 Quantitative Analysis

4.4.1 Calibration

We calibrate the model at the annual frequency for India. India is a large emerging
market economy, where historically the government expenditure-to-output ratio

has been approximately 11%. Table {4.1] and 4.2 summarise the parameters
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and the sources, and Table reports the persistence parameters and standard

deviations of shocks used in the analysis.

We use the existing literature to set the values for most preference and technologi-
cal parameters. Following the quarterly estimates of the discount factor in Anand
& P. Khera (2016)), we calibrate /3 to be 0.9762. Estimates of the responsiveness
of labour supply to wages (é) vary between 0.25 and 1 (see Anand & Prasad
2010). We set the value of the inverse of Frisch elasticity from Anand & Prasad
(2010) and set ¢ = 3.

For calibrating the elasticities of substitution across different varieties o; €
{F, I}, we use the markup estimated by Pal & Rathore (2016ﬂ to correspond to
the formal sector. The estimated markup was 1.19, and so we calibrate op = 7
to correspond to a markup of 1.17. We calibrate the corresponding parameter for
the informal sector o; = 12 following Anand & P. Khera (2016). The literature
1s not very clear in identifying the elasticity of substitution between goods of the
Fand I sectors. A value of 8 has been used by Fernandez & Meza (20135)) while
V. Gabriel et al. (2016) estimates a much lower value of 1.45 E Thus, we use a
value of € = 5, which is lower than the degree of substitutability of varieties of

individual sectors.

There are varied estimates about the share H agents (w) in the literature.
Earlier studies in the Indian context have used a value ranging from 0.10 — 0.60@
The All India Debt and Investment Survey (2019) reports that approximately

84.4% of the rural population and 85.2% of the overall population aged 18

"They use data from the Annual Survey of Industries for 1980-2007 to estimate the markup at the 3-digit NIC
level industry level for India.

!8Their prior mean is 1.50 and standard deviation is 0.20, which could be influencing their posterior estimate.

19 Alok Kumar (2023) estimates the share of financially constrained households to be 10%, V. Gabriel et al.
(2016) estimates a value of 30% while Nandi (2020) uses 60%.
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Parameter Description Value Source
Preference Parameters
I6] Discount Factor 0.97  Anand & P. Khera (2016)
oF Elasticity of Substitution (F) 7 Anand & P. Khera (2016)
or Elasticity of Substitution (I) 12 Anand & P. Khera (2016)
) Inverse of Frisch Elasticity of Substitution 3 Anand & Prasad (2010)
€ Inter-good elasticity of substitution (F & I) 5 Arbitrary
w Share of non-Ricardian (H) households 0.30 V. Gabriel et al. (2016)
n Share of Ricardian households working in F sector  0.25  Arbitrary
Yo Share of Private consumption in EC 0.7  Colombo et al. (2022)
e Inter-good elasticity of substitution (C & G) 0.5  Arbitrary
Qo Share of Informal good in private consumption 0.50  Arbitrary
Technological Parameters
ap Capital intensity in formal sector 0.49  Alok Kumar (2023)
Qg Capital intensity in informal sector 0.27  Alok Kumar (2023
) Depreciation rate 0.10 Banerjee & Basu (2019)
oF Price adjustment cost: Formal 4.05 Calculated by Authors
! Price adjustment cost: Informal 0.14 Calculated by Authors
Steady-state parameters
TC Consumption tax rate 0.12  Middle GST Slab
TK Capital income tax rate 0.08 Alok Kumar (2023))
Tw Labour income tax rate 0.20 Middle tax slab
TS Social security contribution rate 0.12  Employer contribution to EPF
A; Informal Sector Productivity 1 Normalization
ip Formal Sector Productivity 1.2 Arbitrary
g Government consumption to GDP ratio 0.11 NA
é Deficit-output ratio 0.05 DBIE’

Table 4.1: Calibrated Parameters

“National Accounts Statistics
bDatabase on Indian Economy published by Reserve Bank of India
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Parameter Description Value  Source

Policy Parameters
OR Taylor Rule Parameter: Persistence 0.50  Alok Kumar (2023)
o Taylor Rule Parameter: Inflation Coefficient 1.05  Alok Kumar (2023)
0 Responsiveness of lump-sum tax to deviations in BY  0.1268  Alok Kumar (2023)

Table 4.2: Policy Parameters
Parameter Description Value Source
Persistence Parameters

Pq Government Spending 0.70  Author’s Estimates

PF Formal Sector Productivity 0.95 Anand & P. Khera (2016))

Pr Informal Sector Productivity 0.62  Anand & P. Khera (2016)

Puw Labour Income Tax 0.7 Dave et al. (2021)

Pk Capital Income Tax 0.6  Alok Kumar (2023)

Pe Consumption Tax 0.63  Alok Kumar (2023))

Standard Deviation

o Government Spending 0.03  Authors Estimates

oF Formal Sector Productivity 0.40 Anand & P. Khera (2016)

or Informal Sector Productivity 0.45  Anand & P. Khera (2016)

Ow Labour Income Tax 0.12 Dave et al. (2021)

Ok Capital Income Tax 0.10  Alok Kumar (2023)

O Consumption Tax 0.06 Alok Kumar (2023)

Table 4.3: Shock parameters
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years and above held a bank deposit account in 2019@ However, the Global
Findex Database 2021 finds that 78% of adults had accounts in India (including
accounts in banks, credit unions, MFIs, post-office, mobile-money accounts and
joint accounts with family members) while 35% of the accounts were inactive
(Demirgii¢c-Kunt et al. [2022)). Thus, we calibrate w = 0.15 in the benchmark

analysis and use w = 0.30 for comparison.

We set the preference parameter governing the formal and informal consump-
tion a so that it has the same weight in inflation "] We use the estimate of total
elasticity of capital in formal production in Alok Kumar (2023)) and calibrate
ar = 0.49, while using his estimate for the capital share in informal production
ac = 0.27. We assume the formal productivity level in the steady state AF =12
and normalize the steady-state informal sector productivity AT = 1. Hence
AF > Al There is limited availability of recent estimates for the Rotemberg
price adjustment cost parameters for EMDEs. Colombo et al. (2022]) estimates
the model at quarterly frequency and uses ©" = ¢! = 50. Since these adjustment
cost parameters are embedded in non-linear dynamic systems, they typically
reflect the structure over the specific time interval for which they are estimated.
Furthermore, the relationship between quarterly and annual adjustment cost
parameters is not linear. Thus, we use the estimates of duration of formal and
informal contracts in V. Gabriel et al. (2016) and follow the equivalence approach
between Calvo and Rotemberg pricing discussed in Keen & Wang (2007) to
compute price adjustment cost parameters. We assume that a typical formal
sector contract has a length 4 quarters while the informal sector has a contract

length of around 1.5 quarters Adjusting for annual estimation, we calculate

20 See https://www.pib.gov.in/PressReleasePage.aspx ?PRID=1753935
21The weight on informality is set to 70% in V. Gabriel et al. (2016) and 75% in Alok Kumar (2023).
22There is another estimate from Banerjee & Basu (2019) who estimate the average price duration to be 2.6
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the price adjustment costs in the formal (7)) and informal (¢7) sector to be
4.051 and 0.139, respectively@ We choose the disutility parameters x%, x5, xu

to give a reasonable share of formal employment in total employment.

We set the steady-state consumption tax rate 7o = 12%, capital income tax
rate T = 8%, labour income tax rate to correspond to the middle slab 7y = 20%
and the social security benefits paid to the formal sector worker by the firm
Ts = 12% in line with the actual rate. We use the values of persistent parameters
and standard deviations of labour income tax rates from Dave et al. (2021)), capital
and consumption tax rate parameters from Alok Kumar (2023). As we have one-
period bonds, we calibrate the value of the steady-state debt-GDP ratio to equal
the average deficit-GDP ratio from 1990-2019 and set é = 0.0493. We model
the cyclical component of the logarithm of Government Final Consumption
Expenditure using an AR(1) process using annual data from RBI- database for

the Indian economy. We calibrate p, = 0.705 and 03 = 0.034.

Our model matches the empirical first-order moments with a high degree of
accuracy@ Table 4.4 summarises the ratios of key variables from the benchmark

model and their estimates from data or values reported in recent studies /|

months. However, that is for all India as a whole and does not distinguish between formal and informal sectors.

Bl = % where (1 — 0 ) is the probability of resetting the price.

24Due to the cost of nominal rigidities in the resource constraint, there is a wedge between consumption and
output, because of which consumption is less volatile than output. Furthermore, the difference increases with the
degree of nominal rigidity and with the size of shocks Ascari et al. (2011). Thus, we do not pursue matching second
moments.

25We use annual data on Components of Gross Domestic Product published by RBI in the Database of Indian
Economy to compute average values from 1990-91 to 2023-24.
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Ratio Model Data Source
Consumption-output ratio 60.0% 60.9% NAS!
Investment-output ratio 29.0% 28.3% NAS!

Formal Sector wage premium 2.18 2.34  Das et al. (2025)

Share of informal sector in GDP 42.7%  45% NAS Estimates
Share of formal employment 26.7%  24%  Das et al. (2025

“See https://www.pib.gov.in/PressReleseDetailm.aspx ?PRID=2097693
The estimated average percentage of employment outside the formal sector

between 2010-2020 informal employment size in Elgin et al. (2021) is 82.6%
“National Account Statistics

Table 4.4: Matching key ratios from data

4.4.2 Impulse Response Analysis

We analyse the interaction between fiscal consolidation and informality. We study
how the presence of a large informal sector constrains or facilitates the process
of fiscal consolidation. We also study whether the nature of the public good i.e.,
whether the public goods enhance (complement) or offset (substitute for) the
utility derived from private consumption, has a role to play in the effectiveness

of fiscal consolidation ]

Only Private Good in Utility ( 7¢ = 1)

In this part of the analysis, we assume that agents derive utility only from
consuming privately. The IRFs are depicted in Figures f.4aH4.4d] We set y¢ =1
in equations (4.1b) and and study the impact of a one-time reduction in
the government expenditure on our model economy. As the government only

consumes the goods produced in the formal sector, a reduction in G lowers the

26 A is standard in the literature, the IRFs for inflation-aggregate and sectoral, interest rate, tax rates and
debt-output ratio should be read in percentage points.
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demand for the formal good Y,*". As changing prices is costly, the reduction in
demand leads to a small decline in prices in the formal sector. As there is no
direct impact on the informal sector, the relative pric of the informal good
rises. Substitutability between the two goods leads to a contraction in demand for
informal goods. Informal output Y}’ declines. The value of the aggregate output
measured by GDP decreases. A weakening of the public sector demand leads to
disinflationary pressures, which result in a decline in the nominal interest rates

set by the monetary authority.

As wages are flexible in both sectors, nominal wages in the F' sector decrease
to employ fewer workers in the F' sector, and real wages (w!) decline. A decline
in price level results in higher real wages in the informal sector (w;), leading to

a contraction in demand for labour L!.

Due to price stickiness, the real interest rate falls. A lower real rate encourages
the Ricardians to consume more (Cr, rises) and work less (Lp, falls) by the
intertemporal substitution effect. In our model, the Ricardian household has
three alternative means of saving- investing in government bonds (Bg;), and
physical capital in the F' and [ sectors (K g’t and K {u), the real return must be
the same across instruments to prevent arbitrage@ As the real interest on bonds
has reduced, the R household must accumulate capital so that the real return

from holding capital is the same as the real return from holding government

bonds.

Alternatively, as lower government expenditure entails a lesser issuance of

bonds, the price of the bonds rises, leading to a lower interest rate on bonds. This

?"Ratio of Price of informal good to the aggregate price level.
ZInvestment decisions are driven by the expected return of capital in the next period, which is determined by the
expected marginal product of capital and the relative price, described in equation @
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leads to reallocation of savings towards investment in physical capital, leading
to a higher availability of capital for production. Investment in F' and / both
sectors increases. A greater deployment of capital in production and a lower
relative price of the F' good reduces the real marginal product of capital in the /'
sector. As both real wages (wf ) and the cost of hiring capital (7’1}2,15) are lower in
the F sector, real marginal costs of production decline. However, as the relative
price of the I good increases due to the fiscal consolidation shock and firms
engage in sectoral investment, the cost of hiring capital (r{(’t) increases for the
I firms. In conjunction with higher real wages (w/), this leads to a rise in the
real marginal cost of production in the I sector. Since inflation is determined by
current and future real marginal costs of production, formal sector inflation (IT")

declines and the informal sector inflation (II/) increases in panel @

Non-Ricardian agents also respond to higher real wages (w!) by reducing
their labour supply (L ;). Public consumption declines, private consumption of
both agents and investment in both sectors rise. Lower relative price results in
higher consumption of the F good (C/" in panel and a higher collection of
consumption tax revenues. However, lower employment of labour in the formal
sector (L"), accompanied by lower real wages (w{") and real returns to capital
(rfl*;’t) in the F sector (despite greater deployment of capital (KtF )), causes total
tax revenues to decline (in panel #.4d). A decline in the interest rate lowers
the interest repayment burden, accompanied by lower public expenditure. Total

expenditure decreases, debt issuance falls, and the debt-output ratio declines.

To assess the role of informality in fiscal consolidation, we increase the share

of the population working exclusively in the informal sector or, equivalently,

2In an economy facing costs of price adjustments, inflation is affected by (i) expected future inflation, (ii)
current real marginal cost, (iii) price rigidity and (iv) relative prices in the future (v) expected increase in future
output. See equation (4.22)).
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the share of financially constrained agents w = 30%@ With a higher share of
constrained households, a smaller share of the population can intertemporally
optimise their decisions. As Ricardian households can cushion the effects of
shocks by adjusting savings or reallocating consumption and savings/investment
over time, the decline in demand for F' sector after a negative government
spending shock is larger. Labour supplied Lp; is similar at the time of shock,
but declines by a lesser magnitude after the shock, while investment ]tf and I/
increase by a greater magnitudeﬂ. Thus, there 1s greater amount of capital used
in production, leading to a greater decline in real marginal costs of production.
Moreover, as sectoral output is expected to be more volatile, the incentive for
firms to cut prices aggressively is higher. Thus, inflation in the F' sector exhibits

a greater decline in the presence of a greater share of 4 households.

Due to a larger decline in the relative price of the F' good or equivalently, a
greater increase in the relative price of the I/ good, the real wages do not rise
as much in the / sector, leading to a larger increase in consumption by the H
agents C'r;. The decline in labour supply is subdued via the income effect.ﬁ
This results in a larger increase in formal consumption C£". With a smaller share
of R agents, formal consumption rises by more, formal capital is more, and
the decline in real wages and rental return on capital is more. This leads to a
larger reduction in tax revenues. Accompanied by a smaller decrease in total
expenditures, the decline in debt is greater with higher informality (w). However,
as the steady-state value of debt and GDP is lower, the percentage decline in the

debt-GDP ratio is muted as depicted in Figure @4.4d|.

30Refer to the red-dashed line in Figures |4.4a 4.4dl

31The real marginal product of capital ngt falls by more in F' sector. In contrast, rkt is similar. As the decline
in the relative price of F’ good is more pronounced with a greater share of workers in the I sector, the expected price
appreciation is higher. This raises investment in both sectors by more when w = 30%

3This channel is supported by a smaller decrease in lump-sum taxes on account of a smaller reduction in
debt-output ratio with w = 30%.
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Figure 4.4: Impulse responses for a single period fiscal consolidation shock when there is no

utility from public good

Thus, a fiscal consolidation crowds in private consumption and investment,

but leads to a reduction in economic activity and employment in both sectors
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on impact. Output in the F' sector recovers in the second period (owing to
greater capital deployment) and expands thereafter. However, informal output
recovers gradually. Aggregate GDP also declines on impact, but recovers in
period 2 following the F' sector output. A higher share of financially constrained
agents (w) leads to a stronger deflation in the formal sector, higher investment

undertaken and formal sector output.

Private and Public Goods in Utility ( v # 1)

In the previous section, we saw that GDP declines in response to a reduction in
G immediately after the shock. Adjustments to investment lead to the reversal of
impact, and the economy overshoots the steady-state value before returning to
the steady-state. Previous studies have provided evidence of ‘expansionary fiscal
contractions’, i.e., a fiscal retrenchment leading to an increase in output growth
in the short run (See Giavazzi & Pagano (1990), Dave et al. (2021)) in the EME
context). Dave et al. (2021) associates a positive impact of fiscal consolidation
on aggregate output with ‘perfect substitutability’ between the public and private
goods in consumption. In this section, we study whether the nature of public
goods in utility (whether the public good enhances or reduces the benefits derived
from private goods) can increase GDP at the time of the shock. The Impulse

Response Analysis is reported in Figures f.5a4.5d

Due to no reliable estimates for the elasticity of substitution between private
and public goods’| ¢ in equation (@.Ib), we vary the elasticity of substitution
e € {0.5,2,100} and compare it with the benchmark scenario where public

consumption provides no utility. To be consistent with reality, we assume

3 A recent paper by Dawood & Francois (2018) for 24 African countries finds private and public consumption to
be Edgeworth substitutes. No such estimates are available for India.

34The red line represents a scenario where public and private goods are perfectly substitutable, magenta line
represents the scenario where public and private goods are substitutable, blue line represents the scenario where the
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private good is preferred over the public good and set v~ = 0.7 in equation (4.1c)

as in Colombo et al. (2024). The impulse response functions are presented in
Figure

A reduction in government consumption entails a reduction in the provision
of public goods. This leads to an increase in the marginal utility of total or
effective consumption (C k) in equation (4.1a). The transmission of the fiscal

consolidation depends on the substitutability between the two goods.

When private and public goods are complementary in consumption (blue
line), households try to make up for this reduction in utility by raising leisure
or reducing labour. As the public and private goods are consumed together
by the assumption of complementarity, raising private consumption is not very
rewarding. Labour supplied by both types of households (Lr, L) declines on
impact, leading to a decline in sectoral outputs (Y, and Y,?). As private goods
are used in conjunction with public goods, there is a decline in demand for the
goods, leading to a greater reduction in prices. In response to the deflationary
shock, the monetary authority responds by lowering nominal interest rates.
Ricardian agents respond by lowering labour supply and increasing consumption.
As only R agents supply labour to the F sector, real wages in the ' sector rise.
A reduction in labour supplied by A households leads to an increase in the real
wages in the [ sector. Thus, the increase in real wages is greater for e = 0.5 than
the benchmark case. As labour becomes expensive, more capital is deployed in

the production process.

As the fiscal consolidation shock lowers inflation (is deflationary as steady

state inflation is assumed to be zero), the real return on holding bonds declines.

two goods are complementary, and the black line represents no utility from the public good.
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Therefore, to equalise the expected returns from different instruments, investment
rises. Due to a sharper reduction in interest rates, capital employed increases by
more than the benchmark case, and real marginal product of capital falls as in
panel . Higher real wages w!, and a greater reduction in the real marginal
product of capital TIFQ lead to a muted decline marginal cost of production in
the F' sector, while smaller increase in real payments to capital outweigh the
higher real wages in the [ sector, leading to a subdued rise in real marginal cost
of production in the I sector. Even though real marginal costs of production
rise (for e = 0.5), and relative prices and sectoral demands are expected to
stay muted, inflation falls in both sectors. This results in a reduction in private
consumption of both agents that is spread across both goods. Thus, when public
and private goods are used in conjunction (are complementary), the reduction
in private consumption amplifies the impact of a reduction in G on effective
consumption (Seed.5d). The R agents experience a greater reduction in effective
consumption (|6vm| < \C/E\) when public and private goods are complementary

in consumption.
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Figure 4.5: Impulse responses for a single period fiscal consolidation shock when there is no

utility from public good-varying share of financially constrained agents w

In contrast, the assumption of substitutability means that households can

compensate for a reduction in public goods by consuming more privately. We
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have two scenarios representing imperfect and perfect substitutability in Figures
4.5d|- when e = 2 and e = 100, respectively. A reduction in the provision
of public goods leads to a decline in effective consumption, resulting an increase
in the marginal utility from consumption for both agents. But when public and
private goods are substitutable, /' agents respond by increasing labour supply.
The labour supply of the R agents is determined through the interaction of

income-effect, substitution effect and inter-temporal substitution effect.

As before, a reduction in fiscal consolidation leads to the / good becoming
relatively expensive. With an increase in the labour supply by the H agents, who
exclusively supply labour to the I sector, real wages w! increase in the informal

sectorE] As labour is more abundantly available, the marginal productivity

of capital T%ﬂt increases, firms employ less capital in the informal secton4.5b|

Informal output expands. Real marginal cost of production in the informal sector

rises, leading to an increase in informal sector inflation.

The impact of higher informal sector inflation dominates the lower formal
sector inflation, and aggregate inflation rises. This leads to an increase in the
nominal interest rates by the monetary authority when e = 100. Real interest
rates rise on impact. Thus, fiscal consolidation leads to higher income from
holding debt, lower real wages in the formal sector, while higher (than steady-
state) real wages in the informal sector induce reallocation of labour effort by R
agents. Note that a greater supply of labour when public and private goods are
substitutable results in a muted increase in wages relative to the benchmark case

of no utility from G;.

To increase the F sector output (Y;"), capital deployed in F sector (K[) rises

33 Note that the increase is muted as compared to the benchmark case with no utility from public good.
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while capital deployed in I sector (K ) falls leading to a decline in rf;t and an
Increase in rf(’t. Higher real incomes lead to higher consumption C}", greater
investment /", but lower labour supply LI" in the formal sector. Investment
in the informal sector I] declines to equate real returns across instruments.
Higher private consumption and investment in the F' sector are insufficient
to compensate for a reduction in demand by the government. Formal sector
output declines. Lower demand for labour suppresses tax collections from labour
income, while higher private consumption of the formal good leads to higher
tax revenues. The decline in the cost of capital is offset by a higher capital
deployment in the formal sector. Total tax revenues rise when the private and
public goods are substitutes, while total expenditure falls by a similar magnitude.
Debt issuance declines. Aggregate GDP (see panel rises when the public
and private goods are moderately or perfectly substitutable. However, the debt-
to-output ratio falls. We find that the R agents can privately compensate for
a reduction in the provision of public goods. However, effective consumption
of financially constrained households declines as in panel #.5d. With lower
labour employment, capital deployment and consumption of the formal goods
when goods are complementary (e = 0.5), tax revenues fall more on impact. As
inflation has fallen more, the real value of interest payments rises, leading to

higher total expenditures and debt.

Our findings partly corroborate those of Dave et al. (2021), especially in
terms of expansionary fiscal consolidations being an outcome (an increase in
aggregate GDP) only when private and public goods are perfect substitutes
in utility. We observe this to be the case even when there is moderately high
substitutability between public and private goods. However, key divergences

emerge for debt-to-output ratios. They find that debt-to-output ratios increase
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after a fiscal consolidation, while we observe a decline. They have utility
from government and private bonds, and model the economy as a small open
economy with flexible prices. A decrease in public goods leads to households
supplying more labour, which leads to higher disposable incomes and demand
for government bonds, private bonds and investment. A greater demand for
debt lowers yields, potentially enabling the government to issue more debt at
lower cost. As the increase in output is smaller than the increase in debt, the
debt-GDP ratio rises. In contrast, the debt-GDP ratio falls in our framework.
The impulse response functions are expected to be stronger if utility from public
good for agents k € {R, H} is modelled as Cy; = (C[, + ¢ G}) in the case of
substitutes and C},; = (C,f ,G7) for complementary case in the CES utility for
formal and informal goods. This would capture the inter-sectoral dynamics of
fiscal consolidation more strongly. We do not perform this exercise here because

of the lack of comparability between the two cases.

4.4.3 Tax-based Consolidations

We consider the case of a single-period increase in tax rate on returns to formal
capital. As it lowers the return to capital, investment in the formal sector
falls, while investment in the informal sector rises. As there is a reduction in
demand for the F' sector output due to a lower I/, real wages decline to reduce
employment in the F' sector. As the fiscal consolidation shock is deflationary
(See Figure |4.6b)), real wages in the [ sector rise, leading to lower employment
of informal labour. Informal Output and aggregate GDP decline. Y’ recovers
due to higher investment@ The monetary authority responds by lowering rates

leading to lower expenditures on account of interest payments, lower government

3The presence of informal sector leads to higher investment. In a one-sector model, Blanchard & Perotti 2002
find that investment declines sharply when tax or government spending increases.
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Figure 4.6: Impulse responses for a single period fiscal consolidation shock (7%) when there is

no utility from public good-varying share of financially constrained agents w

consumption (as it is proportional to GDP), but higher tax revenues. Thus, debt

issuance and the debt-output ratios decline. The consumption of R agents

121



Informality and Fiscal Consolidation

increases due to the intertemporal substitution effect and lower lump-sum taxes,
while A consumption rises because of higher real wages and lower lump-sum

taxes. However, the increase is smaller for / agents

A higher share of H agents who can exclusively work in the [ sector (red-
dashed line with w = 30%) leads to a greater reduction in w/" and smaller decline
in L!. The value of economic output falls by less due to a smaller impact on
relative prices. Thus, debt and debt-output ratio also decline by less. Comparing
Figure and Figure 4.6b, we observe that tax-based consolidations are more
costly in terms of reduction in output, but are more effective in lowering debt
and debt-output ratios. This is in contrast to the evidence from Latin American

and Caribbean countries in Carriere-Swallow et al. (2021)).

The effectiveness of capital-tax-based fiscal consolidation in reducing public
debt relies on the assumption that formal-sector agents do not engage in tax
evasion. Relaxing this assumption would require incorporating two additional
features into the model: (1) government enforcement mechanism as in Restrepo-
Echavarria (2014), Alba & McKnight (2022), Aruoba (2021), Ferrara et al.
(2025), Dellas et al. (2024) and (i1) households’ endogenous evasion choices,
as in Papp & Takats (2024). As higher tax rates can increase the incentives
for evasion, tax hikes may reduce revenues and undermine fiscal consolidation.
Stronger enforcement, though costly for the government, lowers the likelihood of
evasion in the present and future, having implications for current and future tax
collections. Consequently, optimal tax rates and enforcement policies should be
determined jointly, given their dynamic interaction. While the literature models
evasion using a reduced-form ‘shame’ parameter that determines the share of

the Ricardian households that evade (as in Papp & Takéts 2024, Kalra & Gupta
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2023)), it does not account for the dynamic effects on evasion choice. We wish to

explore this in future work.

4.5 Extensions

We consider three extensions to the baseline model to enhance realism: (1)
labour mobility across households for the Ricardian household, (i1) issuance of
long-maturity debt by the government and (iii) government investment in public

capital.

4.5.1 Partial Labour Mobility

Following M. Horvath (2000), Petrella & Santoro (2011), Petrella et al. (2019)),
Cantelmo & Melina (2023)), Bouakez et al. (2025)), we express disutility from

supplying labour as a CES aggregate between sectors denoted as

_1  _l4e 1 1+e \ T+¢
Lps = <aN¢L1th +(1 —aN)wLFR@) , (4.41)

9

where ¢ > 0 represents the elasticity of substitution in labour supply and
ay € (0,1) denotes the steady state employment share by the Ricardian agents.
¢ — 0 represents immobile labour, while ¢ < oo represents partial or limited
mobility of labour while ¢ — oo represents perfect mobility of labour across
sectors The impulse response analysis for a reduction in government spending
with partial labour mobility of the Ricardian agents across sectors and no
utility from public consumption is presented in Section of the Technical

Appendix [C| We find that a lower share of workers exclusively working in the

3"The analysis assumes ¢ = 0.5 and ¢ = 1.5 for complementarity and substitutability between working in
F and I sectors, respectively. To ensure identical parametrisation while ensuring a positive value of steady-state
lump-sum taxes, we use the steady-state value of the BY ratio to 0.0493, anx = 0.8, ! = 1.5, xg = 5 and impose
¥ = 4 % 0.1268. Increasing responsiveness of fiscal policy is necessary because monetary policy is mildly active
(¢ = 1.0514), especially for 2 = 0.15.
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informal sector improves debt-reduction. Substitutability between inter-sectoral
labour supply of the Ricardian agent induces Ricardian households to reallocate
labour toward the informal sector in response to a reduction in government
expenditure, raising their effective labour input and marginal product of capital.
This stimulates informal investment, supporting output and income despite
the contraction in government demand. The resulting improvement in fiscal
revenues leads to a greater decline of the debt-to-output ratio, whereas under
complementarity, weaker reallocation of labour leads to a smaller decline and
faster reversion to the steady state. While a higher presence of exclusively formal
workers lowers the effectiveness of fiscal consolidation measures in both the
baseline and partial labour mobility case, reallocation toward untaxed production
in the substitutability case reverses the gains from the reduction in GG, due to the

lowering of tax revenues due to reallocation of labour (tax base erosion).

4.5.2 Longer-maturity Bond Issuance

As debt issuance by governments is usually long-term, we extend the analysis
by including long-term bonds. We introduce a perpetual bond with a declining

coupon payment as in Woodford (2001).@

Let N B; denote the units of government issuance of one dollar of long-term
bond in period ¢. Each $1 bill pays a coupon payment of $1 in period t + 1, k
in period ¢ + 2, x* in period ¢ + 3, and so on, where ~ € [0, 1]. Note that this
includes the case of a single-period bond when x = 0 and true consol/perpetuity

when x = 1.

Thus, total coupon payment liability for the government in period ¢ (based on

3These have become an increasingly important instrument in the Central Banker’s toolkit after the great financial
crisis. Large-scale asset purchases by the Monetary Authority raise its prices and lower yield, thereby influencing
the return on private debt instruments referenced to the long-term Treasury bills.
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past issuances of long-term bonds) is:
BM = NB,_|+ kNB;_y+ k*NB,_5+ ...
and in period ¢ + 1:

B = NB; + kNBy_1 + k*NBi_s + ...

Then the new issuance in period ¢ satisfies,
M M
NB, = B, — kB,~;

. Let )y denote the real price of a long-term bond of $1. Then, as coupon
payments are decaying at a fixed rate x every period from period ¢ 4+ 1 onwards,
the price of the bond issued in period ¢ — j trades at the price /@, for j > 0

and the value of the long-term bond portfolio is given as:

QB = Q. NBy + Qi aNBy1 + Qi—oNBy o+ Q4 3NB;_3+ ... (4.42)

= Q;NB, + kQ:NB;_1 + k*Q:NB;_s + k*Q;NB,_5...  (4.43)

This leads to the following modification of the Ricardian household’s budget

constraint:
PF P! pPr pl B BM BM
1 “tof L tedl oy Tt e gl Rt Rt DRt
( + TC,t) Pt R,t + Pt R,t + Pt R7t + Pt R,t + Pt —|— Qt Pt /{Pt_ll_[t

< (1- TI};,QTI};,tKg,t—l + (1 - qu,t)??wag,t + (1 — n)thLf%,t

BraaBi | By
P 111 Py 111

+ i Kho A + A =T

(4.44)
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This leads to an additional first-order condition for long-term bonds as:

Q= BB, { MM} (4.45)

Assuming that one-period bonds are in zero net supply, then the GBC is

modified as"ot

BM BM BM PF
o (F ) =Gyl G-t -
t—111¢ t

Vv
New issuance of bonds

Introducing long-maturity bonds in our setup, with both bonds held by Ricar-
dian agents, does not alter the effectiveness of fiscal consolidation. Incorporating
EME features such as sovereign risk premia or asset market segmentation could
generate additional valuation effects and materially alter the relative effectiveness
of fiscal consolidation across maturity structures. We leave these extensions for

future work.

4.5.3 Government investment in public capital

We introduce public investment as in Baxter & King (1993)), Eric M. Leeper
et al. (2010), and Alok Kumar (2023), by modelling public capital as a public
good usable in both sectors costlessly, and constant returns in privately provided
inputs, i.e., we assume production function to be modified as

o? -1_aj

Ytj:KG aGKtJ 1 Lt )

where K¢ = (1 — 6q) K | + IY, where d is the depreciation rate of public
capital| and
gy =1Ig "SI e o, (4.46)

¥Market clearing ensures that the demand for long-term bonds equals the supply of long-term bonds issued by
the government, i.e., BM = (1 —w)BY,.

40While Alok Kumar (2023) assumes identical depreciation and capital accumulation process for public capital
and a separate investment spending rule for the government, Eric M. Leeper et al. (2010) introduces a time-to-build
process to capture gestation lags in infrastructure development.
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as in Sims & Wolff (2018)).
The impulse responses are presented in the Technical Appendix +l

Assuming that reducing government investment (/¢ ;) lowers the demand for
the formal sector, leading to a decline in the relative price of the formal good@
It reduces the stock of public capital available in the next period, lowering the
marginal products of both sectors. As the effectiveness of public capital is lower
in the informal sector, as estimated by Santanu Chatterjee et al. (2021)), the impact
on informal sector output is muted. A decline in the demand and the relative
price of the F' good lowers both real marginal product and real wages, resulting
in lower F' sector inflation. As real wages in the [ sector rise and the value
of real marginal product rises, [ sector inflation rises. Aggregate inflation and
output declines, leading to a lowering of interest rates by the monetary authority.
This raises private investment in both sectors. Debt declines, as in the case of
government consumption. A higher share of agents restricted to the informal
sector lowers the effectiveness of fiscal consolidation. The reduction in the
debt-GDP ratio in terms of deviation from the steady state (in percentage points)

1s much lower than a fiscal consolidation via reduction in public consumption in

Figure .5¢
4.6 Conclusion and Way Forward

Fiscal consolidation is particularly hard to achieve in EMDEs due to the presence

of large informal sectors and underdeveloped financial markets. We find that both

4I'We borrow the estimates of persistence parameter of the government investment process from Alok Kumar
(2023)) and fix p;, = 0.804, while fixing the standard error of the shock to equal the standard error of public
consumption shock. This allows comparison in the effectiveness of fiscal consolidation for two types of public
expenditures.

“2 Allowing government investment to comprise both formal and informal inputs would attenuate the relative
price effects.
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tax-based and spending-based consolidations are contractionary. The presence of
a larger informal sector lowers the effectiveness of fiscal consolidation measures.
Although increasing proportional taxes is more effective in reducing public debt,
it induces a reallocation of capital and investment toward the less productive
informal sector. Higher taxes on the formal sector raise production costs,
discouraging formal activity and shifting output to the informal economy as
observed for Greece in Dellas et al. 2024, Conversely, reducing government
spending on formal goods tends to boost private consumption and investment
in both sectors. These effects are particularly pronounced when government
consumption complements private consumption. In contrast to Carriere-Swallow
et al. (2021), our findings indicate that tax-based consolidations are more
effective in lowering the debt-to-output ratio, albeit at the cost of a sharper
contraction in economic activity. This result partly reflects the assumption
of full tax compliance underlying the capital-tax-based consolidation exercise.
Allowing for endogenous tax evasion and enforcement decisions could alter
revenue dynamics and, therefore, the effectiveness of tax-based adjustment, and

constitutes an important avenue for future research.

A reduction in government leads to a smaller reduction in debt-GDP ratio than
a fiscal consolidation shock that lowers government consumption. As observed
in the literature (Stihler & Thomas 2012; Anand & P. Khera 2016; Alok Kumar

2023)), such consolidations have higher output costs.

We observe that consolidation measures exacerbate inequality, highlighting
the distributional consequences of fiscal policy in economies with substantial
informality. This effect is observed for both tax and spending-based consolida-

tions when there is substitutability between public and private goods. Similar
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Informality and Fiscal Consolidation

to Dave et al. (2021), we find evidence of expansionary fiscal contractions,
even under moderately high levels of substitutability between public and private
goods. However, these output effects remain small even when public and private
consumption are assumed to be perfectly substitutable. Since sovereign debt
typically consists of longer-duration instruments, we incorporate multi-period
bond issuance into the model and find that lengthening of the bond maturity
alone is insufficient to generate differences in the mechanism. The analysis
can be extended to include features such as sovereign risk premia that may be
relevant for EMEs with high external debt. Additional insights may also be
obtained by modelling evasion as a function of enforcement. Future research
could broaden the scope of analysis by incorporating the declining share of
expenditure on informal goods—an empirical pattern documented by Bachas
et al. (2024) through Informality Engel Curves. Such an extension would be

particularly relevant for assessing the long-run effects of fiscal consolidation.
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Appendix A

Appendix: Chapter 2

A.1 Technical Appendix

A.1.1 The Model

The model economy is populated by two types of agents ricardian (represented

by subscript R) and rule of thumb or poor agents (represented by subscript P).

Rich Agent Optimisation

The optimisation problem is solved in two stages. In the first stage, rich agents
maximize consumption index to determine optimal choices of the sectoral goods
(intratemporal optimisation) and different varieties, while in the second stage,
it determines the optimal level of total consumption, labour and asset holdings
(inter-temporal optimisation). Solving backwards, the second stage problem of

the Ricardian agent is represented by the following Lagrangian:
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l-0opg 1+S0
Chry Np

l—UR_l—l—gO

LF = E, i 5t{
=0

— Y, [PiCry + E{Qi11Bi41} — By — WiNp; — Try — Divy] }

(A.1)
The first order conditions for Cr;, N, and B, are given by:
OLR Y
aCr = CRJ&R — TP, =0, (A.2)
t
oLr
AN = —Np, + YW, =0, (A.3)
t
oL t t+1
9B, = BT E{Qus1} + B E{ Y1} = 0. (A.4)
+

where Tt is the Lagrange multiplier. Dividing equation [A.3| by [A.2] gives the

labour supply equation (2.16)), while using m = R;, in|A.4 yields equation
(2.15).

The first stage optimization problem for the Ricardian agents is: maximize

equation (2.4) for a given level of expenditure, X; subject to the period budget

constraint.
C (5]3 C 1—(513
max ( R’f’t) (Crar) subject to (A.S5)
{CR,A,hOR,ZM,t} 5RR<1 — 5R>1_5R
PaiCroas + PuiCrae = X (A.6)

This yields equations (2.9) and (2.10)




Py, \
Crae = (1 —0g) ( P’t) Cry,
t

where the aggregate price level is given by P, = PfftP]b_’ téR.
Poor Agent Optimization

The poor agents receive a part of their agricultural consumption for free.
Therefore, their expenditure only depends on their open-market purchases
(Pa4CP 44 + PrsCpasy)- As a fraction of consumption is subsidized, (Cf 4, =

(1 — A\;)Cp 4., the budget constraint for the poor becomes:

Pt/CPﬂg = WtNP,t'

As the poor agents cannot smooth consumption over time, their second-stage

decision reduces to a static problem:

1-op 1+
Cpy Np,
max

{Cps,Np,} 1 —op B 1+ )
subject to: Pt/ Cpt = Wy Np, leading to the following Lagrangian

1 —op 1+(P
Cp, Np;

LV = —
1—0’p 1+<p

— Mt [Pt/CP,t - WtNP,t

where yi; 1s the Lagrange multiplier.

The first order conditions yield:

ocr .,

9Cpy Cpi" — Py =0, (A7)
oL” ,

N~ —Np, + mW; = 0. (A.8)
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Dividing equation by equation yields the labour supply equation (2.17).

The sectoral demand for goods is determined by solving:

(Cpas)o®(Cpars)t—or

5 subject to (A.9)
{Craw,Crasy O (1 — 0p)t=or
(1= MN)PasCpas+ PruiCrars = X (A.10)

This yields equations (2.11)) and (2.12))

/ -1
PAt
C =0p | —- C
P A P(Pt ) Pt

P\ !
Cpme = (1—0p) ( P/’t> Cpy,
/

where the price index for the poor is given by: P = {(1 — A) P4} Pj[jp :

The demand for every variety of the M sector good by agent k € {R, P} is
given by maximizing
1 =1
Crme = /Ck,M,t (]);1 dj e > 1.
0

1
subject to [ Pas4(7)Cr.a1(j)dj = X, leading to the following Lagrangian
0

1 = 1
LMk / Crorrs () F dj / Pois(5)Crns()dj — Xo.
0 0

where v 1s the Lagrange multiplier.

The first-order condition is given by:

1

Crinre Crnr(5)”
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resulting in the demand for j" variety of the M good as

. P N\ °
Ck,M,t(]):< %]\i[(f)) Crit-

Substituting C}, 5s+ in the expenditure constraint yields,

1 —€
[ Py .
/PM,t(J)-< Mi(j)) Crmtdj = PrriCronrg- (A.11)
0

Phry

Dividing by C}; ar+ and rearranging, the price index in the manufacturing sector

is given by:
1
l1—e

1
/ Purs(j )“dj] (A.12)
0

Py =

Firm Optimization

There are two sectors in our model. Firms in the agricultural sector produce

homogeneous goods and have flexible prices.

Agriculture Sector

The representative firm in the agriculture choose employment by maximizing

profits each period:

r}nvax II; = PA,tYA,t - WtNA,t
At

subject to the production technology
YAJ — AAJgNA’t. (A13)

where A 4 ; follows an AR(1) process.

Substituting the production function into the profit function, the problem can be

written as

max Ht = PAJAAJNAJ — WtNA,t- (A14)

Ny
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The first-order condition is

PAJAAﬂg — Wﬁ. (AIS)

Describing sectoral real wage in terms of economy-wide real wages by dividing

with aggregate price index in the economy as

Wi Py
— = A
2 p, A
Defining terms of trade as T; = Iljll\?i’ we get
Wi 1-6
— = Ay T, 8
Pt Atdy

Manufacturing Sector

The manufacturing sector consists of a continuum of firms j € [0, 1]. This is

standard as in Chapter 3 in Gali 2015.

The optimization problem for firm j is given by

mmax E D 0 Nesin [Pars () Yarasne () — MCorryiYareonp(7)] - (A16)
M.t k=0

where M )44 denotes the (nominal) marginal cost in period ¢ + &, subject to

the demand constraint

Pui(j)
Prriti

YM,t+k|t(j) = < ) YM,t+k (A.17)

is the demand facing a firm in period ¢ + £ that last reset its price in period ¢.
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The first order condition is given by:

- . ~OYarpsme(5)
Ey ; ekAt,t—i—k YM,t+k\t(J) + PM,t(])ﬁJ;(;)
- — (A.18)
M t+-k|t\J
My
Mtk Par) ]
Simplifying —a?;ﬁ; f(‘;gj ) we get
Vs k() <PM15(]'))_6 1
——————— = —€ : —Y/ (A.19)
OPu(7) Prriti Puri(7) Mok
Yarasr(J)
— MRS (A.20)
Pri(7)
Simplifying, we get
= . , Yreupe(d)
By 0 Avin [Yareone(d) — Vargen(7) + €MCM,t+kPi+—(;.) = 0.
k=0 Mt
(A21)
Prr (1) E > 0 Ny ain(1=€) Yaru: () = —E¢ Y _(86)" ¢ MCararYarasne(7)-
k=0 k=0
(A.22)

As all forms resetting the price in period ¢ face an identical problem, dropping
0):

Y
e by zk:() 0 At,t+kYM,t+k MCM,t+k

Py, = 50
Mt = T By o O Nk Yar vk

(A.23)

As in standard Calvo price setting, a fraction 1 — 6 of firms reset prices optimally
in period ¢, while a fraction 6 keep their previous prices. Rewriting the price

index in equation (A.12) in terms of optimal reset price, we get
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1 1
Pyy = /O Pre(5) " dj = (1—06) (Py,) = +0 /0 Pay—1(j) 5 dj. (A24)

L
1

Py = [(1=0) (Pyr)" " + 0 (Pagg—r) =] (A.25)

Market Clearing

Total value of consumption (at market prices)in equation (2.32):

Aggregate consumption is derived by aggregating sectoral consumption for each
agent type and then taking a population-weighted average of agent-specific

consumption levels.

Total consumption expenditure can be written as

P,.Cy = ur[PasiCrar + PuiCrae) + (1 — pgr) [PaiCpar + PrriCparyl -

(A.26)
Substituting the optimal sectoral consumption choices,
RBCy = ug [PA t5R—CRt + Pary(1 — (5R) ]
Py PMt
P/ P
—|—(1—/LR) [PAJ (5p Cpt—l—CpAt) +PMt(1—5p) Cp’t
Py Phry
(A.27)
Simplifying,
PtCt MRPtCRt + (1 — MR) [Pt/Cp’t + PAvtC;,Aﬂf:I . (A28)
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Note that the relative price index satisfies

P Sp pl—dp
(1 . )\t)ép At M;t _ (1 . At)é‘pfz'fpf(SR’ (A29)
P, PP on
Attt

where T} = P/ Py

Using this expression, total consumption expenditure can be written as

PCy = ppPiCry+ (1 — pp)(1 = N)P TP " PCpy + Y} Pas.  (A30)

Dividing through by P;, aggregate consumption is given by

_ P
Cr = upCra+ (1= pr)(1 = M) T Cpy + 0V =5 (A3D)
t

Using Py,/P, = Ttl_‘SR, we obtain
Cy = prCri+ (1 — pg)(1 = NP TP Cpy + T} "0 YY,  (A32)
To get an expression in terms of the redistribution share, express the total amount

of agricultural output redistributed in terms of the subsidised output consumed

by all poor agents.

Then,

0 Y i = (1 — pr)\Clhy (A.33)
= (1 — pr)\0p(1 — \)oP 1T Cpy. (A.34)

Combining the previous two equations (A.32)) and (A.34), we get

Cy = urCryi+ (1 — pg)Cpy (1= A) "% 72700 (1 = X\ (1 = 6,))
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Total value of output in equation (2.35)

This is computed by combining the aggregate consumption with the value of

agricultural output not redistributed as in:

PA,t
Y, =C, + - (1= ) Y4,
t

Replacing %’t = Ttl_‘sR, we get

Y, =G+ T)77Y (1 — ¢y).
The aggregate output in terms of sectoral output is given by:

PA,t P]V[,t
Y = (?> Yar+ ( D )YM,t-
t t

Mt _ . .
P = T, OR we get the desired expression.

and replacing %’t = Ttl*(SR and
A.1.2 Steady State

We drop subscripts from variables to denote their steady state counterparts. Let
X denote the steady-state value of the variable X, with the time subscript t
omitted to indicate its constancy over time. X;. We assume no trend growth in
productivity, A, = 1 for s = A, M. Since Ay; = A4 = 1, nominal marginal
costs are given by: MC)y; = MC'y = W. Given that the agricultural sector is
characterized by perfect competition and flexible prices, price equals nominal
marginal cost, so P4 = W, while in the manufacturing sector the price is
a markup over nominal marginal cost P); = -5W. Therefore, the steady
Pa

state term of trade is T' = 54 = &1 With the employment subsidy in the
M g
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manufacturing sector in place,

T=1.

Define the steady state consumption share of the rich, sp, as

urCr
— A.35
SR c (A.35)
Then using equation (2.32),
C = prCr+ (1= pr)(1 = A) """ Cp (1 = M1 = 6p))
 — #rCr | (1= pr)(1 — A)"URICR (1= M1 = dp))
- + .
C C
we get the steady state consumption share of the poor as
1—pgr)Cp(1 —A)"07P)(1 = A1 -6
| gy Lo pn)CP =) (1 - A —dp)) (A36)
C
We define the steady state employment share of the rich, Ny
NR = ,LLRN (A37)
and the employment share of the poor as Np
Np = (1 — /LR)N (A38)

From the FOCs for the rich and poor (equations (2.16) and (2.17)) the steady

state condition is

/

N; Np P
CR’" CRrP
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/

where & = (1 — \)°PT0r %% = (1 — \)°7 (since T = 1). Since Ny = purN and
Np = (1 — ur)N, we have

HRCR = (1= up)?Cpr (1 = )"

¥ S - _ P (1 — S ) o P
i (_RC> = (1= pn) [(1 Ay gy Y

(OR—0P _ (1— ,UR)CP_UP (1 — sg) or (1-— )\)5P+UP(1*5P)
T s (1=X1—=06p))"

=T

The steady state aggregate consumption is therefore,

C = Doror (A.39)

where I is a constant. Once we know the expression for C, equations (A.35))
and (A.36)) yield C'z and Cp, respectively. From the market-clearing condition
(equation (2.34), the production function for manufacturing, and the optimal

demand (equation (2.23)) for manufacturing goods, we have

Ny =Yy =Cyr = (1-6)C = (1 - 87w

(1—SR)5P

Where 5 = SR(gR -+ m

Using optimal consumption demand for the agricultural good from equation

(2.22), we have C'4 = 6C'

Denoting 114 as the steady state employment share in agricultural sector, then,

using Ny = (1 — p4) N, we can write aggregate employment, N, as

Ny 1—¢

N: pr—
L—pa 11— pg

C. (A.40)
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And using Ny = 4N and the market clearing condition for the agriculture

sector (equation (2.29)),
Ny Yi o1
Ha KA KA

Equating (A.40) and (A.41)), we obtain

C /LA—S
P _
Y _1—¢[1—MA']

N = [6C+ Y (1-9)]. (A.41)

This is the steady state level of agricultural output procured. For Yf > 0, it
needs to be that us4 > 6, which implies that the steady state labor share in
agriculture is greater than its consumption share since a fraction of agricultural
output is not consumed. Note that in the absence of procurement (Y} = 0),
and these two steady state shares are equal as C' (%) =0 =y = 0. The

steady state relation in the agricultural sector then becomes

NA:YA:0A+(1—¢)Y5:01’“‘A (1-3)
— KA

From the aggregate market clearing condition (equation (2.35)),

Y=C+(1-9)YF=C (%) The steady state share of consumption in

output (c = %) equals

1 —pa
= = A.42
“TT15 (A42)

Note that as a fraction of the agriculture good is not consumed (4 > 9), ¢ < 1.

We now relate ¢ with the steady state share of consumption in output in the
agricultural sector <cA = f,—j) . We already have Y4 = C (ﬁ) (1—14),and
C4 = 6C. Therefore,
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0 —pa) _ 0 (A.43)

pa(l—0)  pa
Note that ¢4 < c given that p 4 > J.

Cp —

We next derive the steady state value of A. Note that A = ( %Yi _ From

1-ur)Cpa

2.11), Cps = 6pCp(1 — )\)*(1*513) (as T' = 1) and using the relation between
Cp and C' from.(A.36)). Therefore,

W YR =N V(L — AL - dp))
(1 — ILLR)(SPCP 5}3(1 — SR)C .

Using Y7 = ﬁgff;fg C, this implies

(ha = 0)p(1 — A(1 — dp))

A= A.44
o(1— pa) (1~ 0)(1— 5n) A4
Solving for A\, we obtain
¢(pa —9)

A= = : A.45
R T R s T N

Solving for ¢,this implies
b= Aop(1 — pa)(1 — sg) (A46)

Np(L— a)(1L — ) + (s — D)(L— A(1—dp))
Given the other parameter restrictions in the model
(a—6>0,p4 <1,55 <1,0p >0,\>0,), this implies that ¢ > 0. Since

¢ < 1, this is equivalent to
1

1—op

A<

A.1.3 The Log-Linearized Model

We log-linearize the model’s key equations around the computed steady-state and

express variables in terms of percentage deviations. Define X,=InX,—InX as
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the log of deviation of X, where X is the steady state value of X. For variables

that are in fractions or have a percentage interpretation, we define X, =X, — X.

Derivation of Equation (2.42): To derive an expression for the log-linearized

YF :
PV ;, and using

consumption for the poor, using the definition of \; = Cra(iann)

equation (2.T1)), we have

¢tY£t
(1= j1r)SpClp(1 — A)~(-0p)7, (1700)

)\t:

Log linearization of this equation gives

STl

The log-linearized first order condition (equation (2.17/))) for the poor is given by

+ Y5~ Cpy+ (1-6p)T,

~

Wt Pt QONPH—(UP—F/\ )Cp’t—)\p %—Fi}ff’t +{5P—5R—)\p(1—5p)}ﬁ

Using N Rt = N Pt = ]/\\ft. for all ¢ and combining this with equation (2.40) we

get equation (2.42).

Derivation of Equation (A.47): To derive an expression for C R.t,Substituting

equation (2.42) for C P+ 1nto equation (2.39), the log-linearized consumption of

the rich is given by,

(A.47)

B -1
~ (1—33)0’3(1—)\]77')
Cri= |sr+

Rt SR op )\p

|G - {xp(1 —6p) + (1= sp)(6p — OR) ("” i Ajp;(ip_ APT)) }ﬁ

MO
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where U = )‘p(l—;gr(j\jmp)and T = 1i&1(1f1:53))

Letz =1 — A(1 — dp). Combining equations (2.44) and (2.38)), we obtain the

Euler equation in terms of aggregate output

. . . 5 .
Y; = E{Yi} — c® 'R — E{Ilia}| —c A + V| E AYzf,tH
1 —pa

-\I/ 1 ,uA—g -~
(29 (5] o)

—ela - (?A —MD U {(1 = 6p) + (5p — 5R)z}] B { AT )

Log-linearization of the market clearing condition in the agricultural sector

(equation (2.29)) gives

% A AN A 1—sp)A\(1 =196 Sy
Yar = ,ui |:3R5RCR,t+ (1-— SR):I:;: Cp: + {( SR)Ap( P) n (MA )}Y
A S

+uiA ;(133)22(1613) - (1i¢> (;fA_—Mj)] 5

1— 1 — ~
— — |sror(1 = 6g) + ( SR)Ap( 5P)] T,
pa | TAs

where \; = ﬁ Log-linearization of the optimal demand for manufacturing

output (equation (2.23)) gives

s = 1 [snl - 601Gy 4 EREZ 2 E= 0 6
(A.50)
+ 1%5 SR(l o 5R)5R + (1 - SR)(l - 5P)(1 ;)‘)(5}7 - )‘p(l _ 5]?))] j\-vt
L [A(1=sg)(1—=X)(1-0dp) q@ SP
_1—5_ x ](E—FYAJ)

145



Log-linearization of the labor market clearing condition (2.33)) gives

N, = ,UANA,t + (1 - ,UA)NM,t = ,UA?A,t + (1 — MA)?M,L‘ — A (A.51)

where A, = [ AA A+ (1—p A)E M, and pyg = % is the steady state employment
share in agriculture. The last line uses log linearization of the sectoral production

functions.

From equations (2.40) and (A.47) and noting that N Rt = Nt, we can write

equation (2.16)) as

~

W, — B, = oN, + &C, — Ud %+?jt+{(1—5p)+(5p—53)z}ﬁ

(A.52)

Substituting equations and (A.50) into (A.51), and the resulting

equation into (A.52)), we get:

oo P0G+ (o — 0wl 7 {0 () + 2205
(A.53)

— [pc(1 = sp) {0pT + 6p — O} + WO {1 — 6p + (6p — 6r)2}] T}, — pA,
where A = {@c + @}.

Finally, the log linearized real marginal cost in the manufacturing sector is given

by:

men ;= /Wt - ﬁt + 5th - /Z[Mﬂf (A.54)
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A.1.4 Flexible price equilibrium

Derivation of DIS in Equation (2.46): Given that under flexible prices, real

marginal cost is a constant, so that T/n\C]\NLt = 0, equation (A.54) becomes 0 =

/WtN — ﬁtN +0 thN —A a+- Combining this with the flexible price counterpart

of equation (A.53), we get:
AN - 1 U -
Cy' =A {gp(l c) (—1 — ¢> + 5 }qbt (A.55)

— A {o(1 —c) — Vd} }Affi + A (gogt + EMJ)

+ AL [gOC(l — SR) {(5]37' +0p — 53} + vd {1 —0p + ((Sp — 53)2} — (53] ﬁN

Note that procurement is the same under both sticky and flexible prices. Thus,

the flexible price counterpart of equation (2.38)) is

Substituting equation (A.55]) into equation (A.56), forwarding one period and

then subtracting from each other, we obtain
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YN Et{ym} ~eATH TP + (1 - o)(1 — A—lgpc)]Et{A?jm} (A.57)

{5 - (75) 0 - 90 - A e0 B dda)

(1 =0g){1 —c}+cAH{(1—- SR)gpc<(5p — 53) + 5p7'>

+ \1@{1 —Sp+ (6p — 5R)z} iy Et{Afﬁl}

— CA_lEt{SDAA\tH + AA\M,H-l}

Finally, substituting (2.44) into (2.38) and then subtracting equation (A.57) we
obtain the dynamic IS (DIS) curve given by equation (2.46).

Derivation of NKPC in Equation (2.49): From equation (2.38), the

consumption gap is written as

Ci=- [V~ (1= o)1 o), (A58)

From equation (A.54) and given that 77/1\0]]\\74715 =0,

meary = Wi — Py + 05T, (A.59)
And from equation (A.53)),

Wi — B = AC; — {900(1 —sgr){0pT + (6p — OR)}
R (A.60)
LU {1~ 5p + (6p — (SR)Z}}T,5

Substituting equation (A.60) in equation (A.59) expresses the real marginal cost
gap for the manufacturing sector as a function of the aggregate consumption gap

and the terms of trade gap.

meas = ACy + [5R — (1 — sp){opT + (6p — 6r)}

_ (A.61)
— \Ifq){l —0p + ((5p — 53)2}}7}
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We also have the relationship that connects CPI inflation with sectoral inflation

and TOT as
m = st + OrAT, (A.62)

Substituting equations (A.58) and (A.62) into equation (2.28)) yields equation
2.49).
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A.2 Data Appendix

In this section, we describe how we have estimated the structural parameters

used in the calibration exercise.

* Share of rich in population: g = 0.3279

— We define agents to be poor if they receive food grain under the NFSA
2013. Accordingly, we classify the “rich” as comprising 25% of the
rural population and 50% of the urban population. Taking population
of the rural and urban areas to be 833.1 million and 377.1 million,

respectively, from the Census of India 2011, we get up = 0.3279

* Share of agriculture in consumption for agents is determined by taking the
ratio of expenditure on cereals and cereal substitutes in total expenditure
where the latter is defined to be expenditure on cereals, cereals substitutes,
pan tobacco and intoxicants, clothing, footwear, toilet articles, other
household consumables, and minor durable type goods. We use data from
Table 6B-R: (Page 104) and Table 6B-U (Page 105) from National Sample
Survey 2011b which report the average monetary value of consumption of
food and non-food groups for a period of 30 days for each fractile class of

MPCE);rp in rural and urban areas, respectively.

— Share of agriculture purchases by poor: dp = 0.4807.

« We split the 7" decile (70-80%) into two halves for the rural data set
(to be able to get division into bottom 75% and top 25% by MPCE).
The agriculture expenditure shares for different fractile classes

of rural areas are combined by taking a weighted average using
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appropriate weights (0.1333 for deciles and 0.0667 for the first
two fractile classes (0-5% and 5-10%) and the (70-75%) fractile
class). The agriculture expenditure shares for different fractile
classes of urban areas are combined by taking a weighted average
using appropriate weights (0.2 for deciles and 0.1 for first 2 fractile
classes (0-5% and 5-10%)). These two shares are combined by
taking a weighted average using rural and urban shares in total poor

population as weights.
— Share of agriculture purchases by rich: 6r = 0.3527.

* The agriculture expenditure shares for different fractiles of rural
areas are combined by taking a weighted average using appropriate
weights (0.4 for the 70-80"" percentile and 0.2 for the 70-75",
90-95'" and 95-100"" percentiles)). The agriculture expenditure
shares for different fractiles of urban areas are combined by taking
a weighted average using appropriate weights (0.2 for deciles and
0.1 for the 90-95"" and 95-100"" percentiles). These two shares are
combined by taking a weighted average using shares in the total

rich population as weights.

* Share of rich consumption relative to total consumption: sp = 0.5367

— We use data from Table 1C of National Sample Survey 2011b/on Page
83, that reports the average MPCE (M PC Eyprp) and estimated
number of households and persons by gender for each fractile class.
Share of Total Consumption Expenditure for each fractile 1s computed
by multiplying the estimated number of people in each fractile class

with Average MPCE of that fractile class. The share of rich agents
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for the respective areas is determined by dividing total consumption
estimates for fractiles greater than 75% for the rural areas and above
50% for urban areas by their respective total consumption estimates.

The two shares are combined using the population shares

* Share of subsidized consumption: \ = 0.2457

— We use data from Statement 2 of National Sample Survey [2011c| (Page
18). It reports the percentage share of consumption (by quantity)
sourced from the Public Distribution System (PDS) for households
across different MPCE fractile classes, separately for wheat, rice, sugar,
and kerosene, and distinguishes between urban and rural areas. We
combine the PDS shares of wheat and rice by taking a weighted average
using relative shares in consumption for each fractile. (For example, the
weight of rice is determined by taking the expenditure on rice divided
by the expenditure on wheat and rice). The data is taken from Table
5C-R (Page 100) and Table 5SC-U (Page 101) from the NSS Report
555 which reports the monetary value of consumption of cereals and
pulses for a period of 30 days for a person in each fractile class of
MPCE);prp. (MMREP is used here as PDS shares are available using
type 2 data-MMRP approach). The share of subsidy in consumption is
determined by taking a weighted average of shares for bottom 9 fractile
classes (0-75%) for the rural areas and by taking a weighted average of
shares for bottom 6 fractile classes (0-50%) for the urban areas. These
two values are combined by using relative shares of agents among the

poor.
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* Steady state value of ¢

— Using the selected parameter values in equation (A.46), the steady state
value of ¢ is computed to be 47.93%
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A.3 Impulse Response Functions for a Redistributive Policy

Shock with Decreasing Returns to Scale in Production

Under a linear production technology with no entry/fixed costs, scale effects
do not constrain expansion. In this subsection, we abstract away from the

assumption of a linear production function, i.e. assume

Yj,t = Aij.O‘

&1 where 0 < o < 1for j € {A, M}.

This makes the sectoral marginal product dependent on output, and breaks
the proportionality between real wages and the TOT. In the Figure we
compare the IRFs for redistributive policy shock in the benchmark model (black-
dashed line) with linear production technology in both sectors to alternative
models wherein (i) only the agriculture sector exhibits diminishing marginal
product of labour (red-dashed line) and (i1) both sectors exhibit diminishing
marginal products (blue-dashed line). The results for decreasing returns to scale
remain qualitatively similar to the benchmark model via the lower increase in
supply of the agriculture good, resulting in higher TOT. Aggregate output and
manufacturing sector inflation depend on the production elasticity parameter «,
which governs the degree of returns to scale in production. The expansionary

effect of a redistributive policy shock is muted when only the labour in the

agriculture sector exhibits diminishing marginal product.

The effects would be more pronounced in a medium-scale NK model with
capital accumulation, where the marginal product of capital declines with firm
size. This weakens investment incentives as firms expand, leading to a change in
the propagation of shocks. However, creating a medium-scale NK-DSGE model
with two sectors and agents and redistributive policy would not be analytically

tractable.
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Appendix B

Appendix: Chapter 3

B.1 Impulse Response Functions for a redistributive policy

shock under Ramsey Optimal Monetary Policy

We contrast the case of a utilitarian planner with three cases: (i) with a planner
who only values the Ricardian agents’ welfare (i1) with a Rawlsian Planner- who
values the welfare only of the poor agents and (iii) benevolent social planner

who values them in accordance to their representation in the economy.

In contrast to standard Taylor-type rules, which respond mechanically to
inflation or output, the Ramsey policy optimally balances trade-offs across time
and agents. For instance, it may delay inflation stabilisation in favour of output

smoothing, depending on the model’s frictions and household preferences.

We observe that the planner responds to a redistributive policy shock with an
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increase in the nominal interest rate when he maximises the discounted utility
of the rich agent. This leads to a greater increase in real interest rates and a
contraction in consumption and higher labour supply by the rich agent. Higher
labour supply leads to a muted response in manufacturing sector inflation and a

smaller decline in the output gap.

When the planner maximises the welfare of the poor agents who are financially
constrained, the policy response prioritizes short-term consumption stabilisation.
Since the poor households are highly sensitive to current labour income and
lack access to credit, the planner lowers nominal interest rates to stimulate
demand and labour hours, thereby boosting wage income. The planner tolerates
a rise in inflation because the welfare cost of inflation is relatively low for the
poor households compared to the utility loss from reduced consumption. At
the same time, output may fall further below its efficient level—that is, the
output gap becomes more negative—because the planner prioritises stabilising
the consumption of hand-to-mouth households over fully offsetting the shock’s
effect on output. In doing so, the planner accepts weaker overall economic
performance to protect the most vulnerable agents. This reflects a shift in policy
trade-offs: maintaining price stability and output stability are no longer the
primary goals, but are instead balanced against the urgent need to preserve

consumption for liquidity-constrained households.
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Figure B.1: Impulse response analysis for a redistributive policy shock with different weights in

the planner objective function
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Figure B.2: Impulse response analysis for a single period redistributive policy shock with

different weights in the planner objective function

B.2 Raising Upper Bound for inflation coefficient in
estimation of Taylor Rule using OSR
Table reports the variances of key variables. Ramsey policy tolerates

somewhat higher aggregate inflation volatility because its objective is to minimise

overall welfare loss, not to stabilise inflation at all costs. In a heterogeneous
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¢r ¢x &, CEcrx100 CEgp+100 CEyr+100 CEyp 100

OSR 0 3 0 0.003501 0.002408 0.003699 0.002682
OSR (High¢,) 0 10 O 0.000221 0.000664 0.000261 0.000647

Table B.1: OSR Policy Parameters and Consumption Equivalents

U oM 1 Y Cr Cp N
Ramsey 0.2408 0.0382 0.2243 0.1546 2.2769 0.8886 0.7596
OSR 0.1692 0.1219 0.5168 0.1284 2.3270 0.8781 0.7408

OSR (High ¢,) 0.0452 0.0334 0.4598 0.0338 2.5080 0.8499 0.6747

Table B.2: Macroeconomic Volatilities

agent model, tight inflation stabilisation requires aggressive interest rate move-
ments that destabilise income and consumption for hand-to-mouth households.
Commitment allows the planner to accept short-run inflation fluctuations while
promising future corrections, thereby smoothing real activity. This explains why
consumption variance is slightly higher under Ramsey than OSR with ¢, = 10,
but Ramsey remains welfare-superior because it balances the trade-offs across

agents.
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Appendix C

Appendix: Chapter 4

C.1 Average deficits and debt by region

Between 1980 and 2023, most countries ran average fiscal deficits, with regional
patterns shown in the k-density plots. EMDE Latin America & Caribbean
(orange) and EMDE Europe (green) had small, consistent deficits, while
Advanced Economies (blue) showed wider variation, including both large deficits
and surpluses. EMDE Asia (red) recorded some extreme deficits, while EMDE
Sub-Saharan Africa (brown) displayed greater heterogeneity due to a wider
deficit spread. Right-skewed Debt-to-GDP ratios in the right panel indicate
outliers, especially in AEs. EMDE Europe clustered tightly around 40-50%,
EMDE Sub-Saharan Africa showed more extreme and varied debt levels, EMDE
Latin America & Caribbean and EMDE Asia peaked around 40-60% with
broader dispersion, while EMDE Middle East & Central Asia (black) was
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moderately dispersed, peaking just below 50%. Overall, AEs had few very
high debt outliers, whereas EMDEs generally had lower debt but more uneven

patterns across regions, reflecting substantial regional heterogeneity.
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Figure C.1: Density plots by region

C.2 Formal Employment in the Informal Sector

A "formally hired worker" in the context of the Annual Survey of Unincorporated
Sector Enterprises (ASUSE) is defined as a worker who is eligible for both paid
leave and social security benefits, such as provident fund and other statutory
entitlements. Table |C.1| summarises the share of formally hired workers by
firm size. Among all workers in firms with 1-5 employees, only 0.03372%
(or 0.0003372 in decimal) are formally hired. Alternatively, if 1,000 workers
are employed in small firms (with 1-5 workers), only about 0.34 of them (i.e.,
less than 1 worker) are formally hired on average. A relatively higher standard
deviation indicates that while most firms do not hire workers formally, some

firms are hiring one or more workers, increasing the variation.
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Number of workers | Share of formally hired workers (%) | Standard Deviation

1-5 0.0003 0.1836
6-10 0.6580 6.8244

11-15 2.9165 14.18162

16-20 6.8020 22.0708

21-50 13.2967 29.62847
50-100 30.3692 39.5916

>100 51.8029 38.8740

Table C.1: Share of formally-hired workers by firm size

C.3 Extensions

C.3.1 Partial Labour Mobility

Figures (C.3aHC.3d) and (C.2aHC.2d)) present the impulse responses to a fiscal

consolidation shock via a reduction in government consumption for varying
shares of agents restricted to the informal sector. The first set assumes
complementarity between formal and informal labour in the utility of Ricardian
agents, while the second assumes substitutability. There is no utility from public

consumption in both scenarios.

The reallocation mechanism becomes particularly visible when the two
types of labour are substitutable (Figures [C.2aHC.2d). In this case, Ricardian
households can more easily adjust their labour supply across the formal and

informal sectors in response to the fiscal consolidation shock.

When government consumption declines, aggregate demand falls, reducing

activity in the formal sector. Ricardian households optimally reallocate labour
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toward the informal sector, where marginal returns remain relatively more

attractive.

Because labour types are substitutable, an increase in Ricardian informal
labour supply raises effective informal-sector labour input. Given the sectoral
production function, this increases the real marginal product of capital in the
informal sector. As a result, the expected return to informal capital rises,

stimulating informal investment.

This mechanism is weaker when labour types are complementary. Ricardian
labour reallocation has smaller effects on marginal productivity and therefore on
investment when the productivity of informal Ricardian labour depends more

strongly on the presence of formal Ricardian labour.

With partial labour mobility, the reallocation of hours occurs gradually.
Nevertheless, when labour types are substitutable, the reallocation toward the
informal sector is sufficiently strong to accelerate the adjustment of aggregate
variables. Higher informal investment supports output and income, improves the
fiscal position, and speeds up the convergence of public debt to its steady-state
level. Under complementarity, the weaker reallocation dampens this stabilising

channel, leading to less persistent debt dynamics.
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Figure C.2: Impulse responses for a single-period fiscal consolidation shock when there is no

utility from the public good when both types of labour are substitutable for the Ricardian agents.
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Figure C.3: Impulse responses for a single period fiscal consolidation shock when there is no

utility from public good when both types of labour are complementary for the Ricardian agents.
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Figure C.4: Impulse responses for a single-period reduction in government investment in public

capital when there is no utility from the public good.
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