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Abstract
This thesis consists of four self-contained essays in economics.

Optimal Climate Policy with Household Wealth Inequality. Policy makers concerned with setting optimal carbon
taxes to address climate change externalities often employ integrated assessment models (IAMs). While these models
differ on their assumptions of climate damage impacts, discounting and technology, they conform on their assumption of
complete markets and a representative household. In the face of global inequality and significant vulnerability of asset
poor households, I relax the complete markets assumption and introduce a realistic degree of global household inequality.
A simple experiment of introducing a range of global carbon taxes shows a household's position on the global wealth
distribution predicts the identity of their most preferred carbon price.

Immigration Shocks, Equilibrium Unemployment and Inequality. The purpose of this paper is to present a proof-
of-concept model for assessing the impact of immigration shocks on a country's equilibrium unemployment, wages and
inequality. The model implements labour market matching in the workhorse heterogeneous agent macro model with
precautionary savings. In this setting, I perform several transition experiments exploring the channels and mechanisms
through which a substantial immigration shock affects macroeconomic outcomes, including conditional welfare and
economic integration. I find that the identity of the immigration cohort, as well as, features of the receiving economy matter
for both the magnitude and direction of the response.

Fiscal Multipliers in the 21st Century. Fiscal multipliers appear to vary greatly over time and space. Based on VARs
for a large number of countries, we document a strong correlation between wealth inequality and the magnitude of fiscal
multipliers. In an attempt to account for this finding, we develop a life-cycle, overlapping-generations economy with
uninsurable labor market risk. We calibrate our model to match key characteristics of a number of OECD economies,
including the distribution of wages and wealth, social security, taxes, and government debt and study how a fiscal multiplier
depends on various country characteristics. We find that the fiscal multiplier is highly sensitive to the fraction of the
population who face binding credit constraints and also to the average wealth level in the economy. These findings together
help us generate a cross-country pattern of multipliers that is quite similar to that in the data.

Fiscal Consolidation Programs and Income Inequality. Following the Great Recession, many European countries
implemented fiscal consolidation policies aimed at reducing government debt. Using three different empirical approaches,
we document a strong positive relationship between higher income inequality and stronger recessive impacts of fiscal
consolidation. To explain this finding, we develop a life-cycle, overlapping generations economy with uninsurable labor
market risk. We calibrate our model to match key characteristics of a number of European economies, including the
distribution of wages and wealth, and study the effects of fiscal consolidation programs. We find that higher income risk
induces precautionary savings behavior, which decreases the proportion of credit-constrained agents in the economy. Our
model produces a cross-country correlation between inequality and the fiscal consolidation multipliers in line with the data.

Keywords: Macroeconomics, inequality, climate change, carbon taxation, immigration, labour market, fiscal
multipliers, austerity.
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Sammanfattning p̊a svenska

Denna avhandling best̊ar av fyra frist̊aende uppsatser i nationalekonomi.

Nedan följer sammanfattningar av de fyra uppsatserna.

Optimal Climate Policy with Household Wealth Inequality.

För att hantera negativa externaliteter förknippade med koldioxidutsläpp

använder politiska beslutsfattare ofta integrerade bedömningsmodeller

(IAM). Dessa modeller används för att fastställa det optimala värdet p̊a

en koldioxidskatt eller den optimala mängden utsläppsrätter. Modeller-

na skiljer sig åt i fr̊aga om antaganden om klimatskador, diskontering

och teknik men har alla samma antaganden om perfekta kapitalmark-

nader och representativa hush̊all. Mot bakgrund av global ojämlikhet

och betydande utsatthet för hush̊all med små tillg̊angar, lättar jag p̊a

antagandet om perfekta kapitalmarknader och introducerar en realistisk

grad av global ojämlikhet i förmögenhet. Ett enkelt experiment där en

rad globala koldioxidskatter införs visar att ett hush̊alls position i den

globala förmögenhetsfördelningen bestämmer dess föredragna koldiox-

idpris. Experimentet visar att fattiga hush̊all föredrar en relativt stark

klimatpolitik. Denna preferens finns även utan progressiv omfördelning

av intäkterna fr̊an koldioxidskatten. Fördelningen av skatteintäkterna

är dock av första ordningens betydelse för hush̊allens policypreferenser.

Likt litteraturen om makroekonomisk politik och ofullständiga kapital-

marknader, finner jag att koldioxidskatten delvis kan fylla en funktion

som försäkring genom att minska volatiliteten i framtida välfärd.

Immigration Shocks, Equilibrium Unemployment and In-

equality. Syftet med denna uppsats är att presentera en konceptvalide-
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ringsmodell för att bedöma effekterna av oförutsedda immigrantströmmar

p̊a ett lands jämviktsarbetslöshet, löner och ojämlikhet. Modellen använder

Krusell et al. (2010):s implementering av arbetsmarknadsmatchning i

den vanligast förkommande makromodellen med heterogena agenter och

försiktighetssparande. I denna modell utför jag flera experiment som

utforskar kanaler och mekanismer genom vilka en betydande ökning

av oförutsedd immigration p̊averkar makroekonomiska utfall, inklusive

välfärd och ekonomisk integration. Jag finner att b̊ade immigrantgruppens

egenskaper och den mottagande ekonomins egenskaper är av betydelse

för effekternas storlek och riktning. Det grundläggande experimentet –

en oförutsedd ankomst av arbetare med relativt sm̊a tillg̊angar – resulte-

rar i en liten välfärdsförlust för infödda hush̊all. Denna välfärdsförlust

ökar icke-linjärt med storleken p̊a inflödet. Det finns emellertid potential

för välfärdsvinster om immigranternas tillg̊angar är tillräckligt stora.

Jag finner ocks̊a att välfärdsförlusten blir större, och varar längre, om

chocken är koncentrerad till en sektor p̊a arbetsmarknaden med l̊aga

kunskapskrav. Det tar mycket l̊ang tid för den anländande immigrant-

gruppen att uppn̊a samma förmögenhetsniv̊a som inrikes födda, särskilt

när arbetslöshetsperioderna i ekonomin är l̊anga.

Fiscal Multipliers in the 21st Century. Finanspolitiska multi-

plikatorer tycks variera kraftigt över tid och rum. Baserat p̊a VAR-analys

för ett stort antal länder dokumenterar vi en stark korrelation mellan

ojämlikhet i förmögenhet och storleken p̊a multiplikatorerna. I ett försök

att förklara detta resultat använder vi en överlappande generationsmo-

dell med icke försäkringsbar arbetsmarknadsrisk. Vi kalibrerar modellen

för att matcha viktiga egenskaper hos ett antal OECD-ekonomier, in-

klusive fördelning av löner och förmögenhet, socialförsäkringar, skatter

och statsskuld. Vi studerar sedan hur den finanspolitiska multiplikatorn

beror p̊a dessa landkarakteristika. Vi finner att multiplikatorn är mycket

känslig för andelen kreditbegränsade hush̊all samt den genomsnittliga

förmögenhetsniv̊an i ekonomin. Dessa resultat hjälper oss att generera

ett mönster av landspecifika multiplikatorer som är ganska likt det som

finns i data.
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Fiscal Consolidation Programs and Income Inequality. Efter

finanskrisen förde många europeiska länder en finanspolitisk konsolide-

ringspolitik som syftade till att minska statsskulden. Med hjälp av tre obe-

roende datakällor och tre olika empiriska tillvägag̊angssätt dokumenterar

vi ett starkt positivt samband mellan ojämlikhet i inkomster och recessiv

p̊averkan av finanspolitiska konsolideringsprogram över tid och rum. För

att förklara detta resultat använder vi en överlappande generationsmo-

dell med icke försäkringsbar arbetsmarknadsrisk. Vi kalibrerar modellen

för att matcha viktiga egenskaper hos ett antal europeiska ekonomier,

inklusive fördelning av löner och förmögenhet, socialförsäkringar, skatter

och statsskuld och studerar effekterna av finanspolitiska konsoliderings-

program. Vi finner att högre inkomstrisk leder till försiktighetssparande,

vilket minskar andelen kreditbegränsade individer i ekonomin. Kreditbe-

gränsade individers arbetsutbud svarar mindre elastiskt p̊a finanspolitisk

konsolidering som uppn̊as genom antingen skattehöjningar eller offentliga

utgiftsnedskärningar. Detta förklarar förh̊allandet mellan inkomstskill-

nad och effekterna av finanspolitiska konsolideringsprogram. V̊ar modell

producerar ett mönster av korrelationer mellan ojämlikhet och de finans-

politiska konsolideringsmultiplikatorerna som är ganska likt det som finns

i data.
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Introduction

“As to any sense of inequality, or youthfulness, or other difficulty in our

way, little Em’ly and I had no such trouble, because we had no future.

We made no more provision for growing older, than we did for growing

younger.”

— Charles Dickens: David Copperfield

Economic models used for policy analysis and design have increasingly

moved towards incorporating the foundations of agent choice and beha-

viour. Forward-looking households optimize according to their beliefs

about how things will be in the future and choose how much to work and

save. More recently, macroeconomic models have become better equipped

to take another step, by acknowledging that households are not equal.

Relying on models that defer to a representative agent characterized by

average wealth and income, will necessarily miss policy impacts across

the distribution of households. In addition, the behaviour of individual

agents will also differ depending on their wealth and income prospects,

and their ability to insure themselves against an uncertain future. Given

the degree of inequality currently witnessed, allowing models to account

for the distribution of wealth and income in an economy is an important

step towards reality.

The following thesis contains four chapters with extensions and vari-

ations on the standard incomplete markets model - the workhorse model
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for including household inequality in a macroeconomic context. Each

chapter contributes to the study of public policy and inequality, in re-

gards to both positive and normative concerns. The studies in this paper

do not seek to explain the origin or current trends in inequality. Rather,

inequality is taken as given in order to pose the question: How does this

inherent inequality change policy considerations?

I examine three major areas where macroeconomic models can be

used to understand the meaningful interaction between inequality and

public policy. In light of the 2008 financial crisis, Great Recession and

sovereign debt crisis, two of the papers in this volume study the effects

of fiscal policy. Fiscal interventions have distributional implications;

also the degree of inequality in a country can influence the response of

aggregate variables, such as output, to changes in taxation or government

spending. Climate change mitigation is perhaps the largest public policy

challenge of our time; given the degree of uncertainty it poses for future

welfare, it has large implications for distributional costs. Finally, the

recent migration crisis motivates the study of unanticipated immigration

shocks. Arriving immigrants may posses significant differences to the

receiving population in terms of skills and assets. Thus, inequality is a

pertinent issue in studying the impacts of immigration shocks on the

labour market and also the integration experience of the new arrivals.

Examining these policy challenges through the lens of inequality is

informative about inequality itself. There have been many headlines in

the last few years on the increase of inequality, as both income and wealth

dispersion grow worldwide. However, it seems at times as if inequality is

taken to be bad in and of itself. The four chapters in this book aim to

show how inequality can change the policy considerations for addressing

major social challenges, and, perhaps, shed light on the implications for

an increasingly unequal world.

In Fiscal Multipliers in the 21st Century, my co-authors and I

document an empirical connection between the degree of wealth inequal-

ity in a country and the magnitude of its fiscal multiplier. Performing a
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structural VAR estimation on a large diverse sample of countries reveals

a strong correlation between high wealth inequality and large fiscal mul-

tipliers on government consumption. In order to better understand the

mechanisms behind such a connection, we turn to the standard incom-

plete markets framework and perform a calibrated modelling exercise.

In addition to household inequality, the model accounts for household

life-cycles and public sector details such as progressive income taxation,

social security regimes, and public debt. The fiscal experiment is a classic

one, instigating a one-time unanticipated increase in wasteful govern-

ment spending financed through an increase in lump sum taxation. This

experiment has become somewhat of a reference point for the literature

on fiscal multipliers. While the magnitude of the fiscal multiplier is lower

than the range of the empirical literature, coming in at 0.12 on impact

for the US, the relative size between varying countries is significant –

with the US multiplier being twice as strong as in Italy for instance. In

fact, we are able to replicate the cross-country pattern observed in the

empirical experiment.

Examining the mechanisms in the structural model reveals that

the proportion of constrained households in the economy is the best

predictor of the cross-country pattern in multipliers. Countries with high

wealth inequality are also characterized by a relatively large fraction

of households at or near the borrowing constraint. These constrained

households respond more strongly to the fiscal experiment by increasing

their supply of labour hours in response to the increase in lump sum

taxation. In addition, wealthy countries – countries with a relatively high

capital intensity – are less sensitive to the fiscal shock. We also examine

the effect of the tax regime, specifically the level and progressivity of

income tax. The findings are interesting in that large shifts in both

the level and progressivity of income taxation do very little to change

the magnitude of the multiplier. Increasing the progressivity of the tax

schedule reduces the share of constrained agents, which would tend to

deflate the multiplier. However, increasing progressivity also lowers the

average wealth of the economy resulting in an essentially neutral impact
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on the multiplier.

In the context of an increasing interest in the impacts of fiscal policy

and the growing literature on the nature and identity of the fiscal mul-

tiplier, this study provides lessons for understanding a dimension that

influences the magnitude of the multiplier.

In the chapter Consolidation Programs and Income Inequality,

my co-authors and I study a very different fiscal experience than the

classic experiment above. Namely, we examine the period of European

fiscal austerity that followed the Great Recession. Following the idea

that inequality has a role to play in the way that economies will respond

differently to fiscal policy depending on their characteristics, we document

a pattern between income inequality and the recessive impacts of fiscal

consolidation. Through three independent empirical exercises, a pattern

of strong positive correlations between a country’s income inequality and

the strength of the recessive response to austerity measures is revealed.

These empirical observations motivate us to pursue a multi-country

calibrated modelling exercise in order to understand the mechanisms

behind these observations.

In the first empirical exercise, we replicate a study by Blanchard and

Leigh (2013), which draws attention to the difficulty in understanding

why IMF forecasters were unable to correctly anticipate the magnitude of

the output response to the consolidation programs. The authors of this

study find that the recessive impacts of the fiscal consolidations programs

undertaken in 2010 and 2011 were systematically underestimated. How-

ever, after testing several likely candidates such as sovereign debt levels

and budget deficits, they are unable to find a significant contributor.

Using their methodology and dataset, we include several measures of

income inequality to test their explanatory power and find that, indeed,

countries with higher income inequality yielded larger forecast errors on

the consolidation programs.

In the second empirical exercise we extend the range of time to include

pre-crisis years, with a data set that encompasses 12 European countries
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for the period 2007-2013. Exogenous shifts in fiscal policy are identified

using a narrative approach, and the new dataset and methodology reveal

similar results. Income inequality has a strong amplifying effect on the

recessive impacts of fiscal consolidation.

In the final empirical exercise, we use a SVAR approach to study the

impacts of different country characteristics on fiscal multipliers. This final

exercise confirms the results of the previous exercises, and reveals that

economies characterized by relatively high income inequality are more

likely to experience significant declines in output, following decreases in

government consumption.

Taking the lessons from these empirical exercises, we pursue a cal-

ibrated modelling exercise. Our model framework features overlapping

generations, heterogeneous agents facing uninsurable idiosyncratic risk,

and exogenous credit constraints. In addition, we calibrate the model

to match observations on 13 European countries in regards to their

distribution of income and wealth, taxes, social security, and sovereign

debt. The fiscal experiment subjects the sample of countries to a gradual

reduction of their government debt, financed through cutting government

spending or increasing labour income taxes. The mechanisms in play

are sufficiently strong to replicate the cross-country relationship between

fiscal consolidation and income inequality, predicted by our empirical

exercises.

In this model framework a consolidation of government debt is ulti-

mately expansionary, as it allows a non-productive asset (government

bonds) to be replaced by productive capital. Thus, fiscal consolidation

increases future wages, and results in a contraction of labour supply

today – but only by unconstrained households. Constrained households

are affected predominately by changes to their current budget constraint

and thus do not internalize the long-run benefits of austerity. In a

framework with uninsurable idiosyncratic risk, households will undertake

precautionary savings to avoid the discomfort associated with periods of

poor labour income.

A large degree of idiosyncratic risk, all else equal, implies a large
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degree of income inequality. It is precisely this relationship that is

behind the mechanism in our modelling framework. A large degree of

income risk induces households to undertake more precautionary savings

than countries with relatively low income risk. This precautionary

saving pushes households away from the credit constraint, implying that

countries with high income inequality tend to have fewer constrained

agents.

If, on the other hand, income inequality arises from initial conditions,

such as permanent ability endowment or the age-profile of wages, there

is little effect on the fraction of constrained agents or on the fiscal

multiplier. After accounting for the differences in the age-profile of

wages, and assuming that the dispersion of ability is steady across

countries, then the implied income risk is sufficient for replicating the

cross-country pattern in the empirical exercises. Fiscal consolidation,

achieved through either increasing income taxation or austerity measures,

will have larger recessionary impacts in economies characterized by high

income inequality.

Addressing the threat of global climate change is the largest public

policy challenge ever faced. Economists interested in assessing the op-

timal policy response to global climate change use integrated assessment

modelling (IAM) tools, which combine descriptions of the climate system

and its interaction with the economic behaviour of firms and households.

To date, these tools have focused on deriving the social cost of carbon un-

der the assumption of a representative household and complete insurance

markets. In the chapter ”Optimal Climate Policy with Household

Wealth Inequality”, I relax this assumption and introduce a realistic

distribution of households that face both the uncertainty of a future

climate, as well as the uncertainty of their future labour income. I

then ask the question, ”how does inequality affect the setting of optimal

climate policy?”

Poor households have fewer resources on hand to self-insure against

both climate risk and income uncertainty. On its own climate intervention
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reduces the risk associated with climate change by reducing the amount

of carbon in the atmosphere and thus mitigating future damages. All

households benefit from the reduction. However, as poor households

are more vulnerable to risk, they benefit more than households that

have substantial personal adaptation resources (savings). This effect is

particularly strong when labour income uncertainty is correlated with

climate uncertainty; that is, if income volatility increases with climate

risk, the differences in the social cost of carbon between rich and poor

becomes even starker.

Addressing climate change through carbon taxation increases the

total resources available in the economy. In representative agent models

there are many options for how the carbon tax revenue is used. However,

as there is no household inequality there is no option for redistribution

of wealth. In a setting with heterogeneous agents, especially with a

substantial degree of wealth inequality, the direction of transfers will

play a large role in defining a household’s most preferred policy. A poor

household will thus favour a higher carbon tax, both because climate

risk poses a larger cost on them, and because a marginal increase in their

future consumption is much more meaningful.

In order to understand the mechanisms at play behind household

carbon tax preference, I explore three uses of the carbon tax revenue.

The first is to discard it and eliminate the redistribution motive. If

the climate is sufficiently sensitive, then a pattern emerges where poor

households prefer stronger intervention than wealthier households do.

This implies that climate risk poses a greater cost to poor households,

because their position on the global distribution means that self-insurance

is very costly.

The second form of rebate gives a uniform lump sum back to all

households. This rebate, clearly a progressive use of revenue, is very

meaningful for the poorest households, and represents a very small

proportion of expected future income for the wealthiest households.

However, because it is predictable, it is attractive for households at all

wealth levels. Under the uniform revenue rebate scheme and normal
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climate sensitivity assumptions, the poorest households would prefer

a carbon tax at 900% of the fuel cost, while the wealthiest prefer an

instrument level of 40-50%. As a contrast to the uniform rebate, I

explore a third experiment where the rebate is not predictable. In this

rebate policy, a household is given a lump sum in proportion to their

future income. Thus, if a household is a high-income household in the

future, it will also receive a large rebate. This works to tie the rebate

to the income risk in the model – making it much less attractive for all

households, but poor households especially. Under this rebate scheme,

the poor households prefer a carbon instrument value of about 110% of

the fuel input cost, much lower than under the uniform rebate. Wealthy

households, despite receiving the same rebate in expectation, would

rather there be no government climate intervention at all.

The recent migration crisis brought attention to the phenomena of im-

migration shocks, in addition to the long-term trends witnessed in global

migration patterns. Such immigration events are unanticipated, and thus

distinct from studying traditional migration channels. In addition, the

size and composition of these events are such that they are relevant to

macroeconomic aggregates, such as unemployment and wages. In the

chapter ”Immigration shocks, equilibrium unemployment and

inequality”, I present a proof-of-concept framework for assessing the

impact of immigration shocks on a country’s equilibrium unemployment,

wages, and inequality. This framework features a search and matching

friction in the labour market, and the standard incomplete markets

setting with precautionary savings. Thus, households face the risk of

uninsurable unemployment spells that are dependent on the tightness of

the labour market.

I run several counterfactual transition experiments on a model broadly

calibrated to match the US labour market. The experiments consist of

one-time unanticipated arrivals of new workers entering the unemployed

labour force. The unemployment rate rises on impact and, all else equal,

this decreases the tightness of the labour market. With the increased
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probability of finding a successful match, firms increase their vacancy

posting. Thus, firms are enticed to create positions to take advantage of

the new arrivals. Despite the large increase in the unemployment rate

on impact, macroeconomic impacts are quite small. For a 1% increase

in the labour force, the unemployment rate nearly doubles upon impact.

However, the transition shows that there is no significant change to the

labour market matching rates, and thus the new arrivals integrate rather

quickly into the native labour market. However, their transition into

the native wealth distribution is much a longer process, taking over a

generation.

Several additional experiments show that the size and direction of

impacts depend on both the composition of the immigrant cohort, as well

as the characteristics of the receiving economy. A doubling of the size of

the immigration cohort more than doubles the response of variables, such

as the fall in wages and dilution of capital per worker. The direction of

the response depends on the level of wealth on hand of the immigrant

cohort. If immigrants are sufficiently wealthy, the impact can be positive.

This is due to the fact that immigrant savings are sufficient to prevent

the capital per job from falling, as the new arrivals transition into the

labour market. As for the characteristics of the receiving economy, the

less efficient the labour market is at creating job matches the larger the

impact will be, and the longer it will take for the new arrivals to catch up

to the median native. Finally, if the immigration shock is concentrated

in the low-skill sector, the impacts are larger.
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Optimal Climate Policy with

Household Wealth Inequality

1 Introduction

To date, models of climate and the economy have calculated optimal car-

bon policy under the assumption of complete markets and a representative

agent. A growing empirical literature on climate impacts highlights the dis-

tributional costs of climate change, with the global poor being particularly

vulnerable. In order to explore the implications of relaxing these assumptions

from the integrated assessment modelling literature, I introduce a standard

incomplete markets framework. Thus, in addition to an uncertain global

climate state, households also face idiosyncratic productivity shocks. Cali-

brating the model to the global economy, I find that there are differences in

the cost of carbon faced across the wealth distribution. Poor households are

vulnerable to future shocks, due to their relative paucity in private insurance.

Hence, poor households prefer ex ante stronger public action through high

carbon taxation, even in the absence of progressive redistribution. However,

transfers of the carbon tax revenue are of primary concern in the identity of

a household’s most preferred carbon policy.

The International Panel on Climate Change (IPCC) details the impact

(both realized and potential) on the world’s more vulnerable population, in
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its chapter on Livelihoods and Poverty in the 2014 Climate Change Report.

In this chapter the report discusses the interaction of climate change, and

the challenges faced by the poor and economically vulnerable. While climate

change implies specific threats related to shifting weather patterns, increased

incidence of natural disasters, decreased land arability, etc., the report also

notes that climate change exacerbates existing vulnerabilities experienced by

the poor. While there will be regional heterogeneity in climate change, the

impact will be felt globally: the poor in all regions will suffer from market

disruption, declining agricultural yields, reduced access to water, etc. Indeed,

while poor households in low income countries (LICs) will incur the greatest

costs of climate change impacts, the IPCC notes that inhabitants of some

middle income countries (MICs), including urban Chinese, are among the

most at risk to climate-related impacts.

One popular tool for policy makers is the integrated assessment model

(IAM) (e.g. DICE, Nordhaus and Sztorc (2013); FUND, Tol (1997) and

Golosov et al. (2014)), which aims to capture the features of the climate

change problem, including: modelling the carbon system; atmospheric car-

bon’s relationship to global temperature; temperature’s relationship to wel-

fare loss; and the economic system, including modelling the micro-foundations

of savings and fossil fuel use. There are a wide range of IAMs, which differ

on the assumptions they make; however, a common feature of these models

is their reliance on a representative agent assumption for assessing consumer

behaviour and welfare impacts. While there has been a trend towards provid-

ing regional detail, the unit of analysis remains nation states or regional blocs

(e.g. RICE, and WITCH, Bosetti et al. (2006)). In this paper, I change the

unit of analysis to individual households that experience varying degrees of

vulnerability in the face of their economic decisions and the threat of climate

change.

Climate change impacts are likely to vary significantly across the popula-

tion, depending on household characteristics, including: location, occupation,

wealth, etc. This paper focuses primarily on wealth inequality. It looks to ad-

dress the question of how a realistic distribution of household wealth changes

the optimal carbon taxation problem, from the familiar representative agent

framework. It seeks to answer both how and how much inequality matters for
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optimal carbon taxation. The primary channel I investigate is the cost that

risk imposes across the population, and the role carbon taxation can play

as public insurance. When capital markets are incomplete, households need

to take precautionary action to insure against idiosyncratic shocks. Moving

assets to the future then becomes a question of consumption smoothing, ag-

gregate risk mitigation, and insurance against idiosyncratic shocks. It is this

last component that is absent from the current body of literature on optimal

carbon taxation.

Models with incomplete markets and heterogeneous households have be-

come common in more traditional research areas of macroeconomics, allowing

a better understanding of distributional impacts and implications of public

policy. These types of models offer insights into the role of public policy as a

way of mitigating risks through, for example, social security and progressive

taxation (see Heathcote et al. (2009) for an introduction). Climate policy

can play a similar role. In light of poor households’ explicit vulnerability to

climate change, relaxing the representative agent assumption seems a natu-

ral progression for IAMs, used for assessing the welfare impacts of climate

change, and delivering estimates for the optimal policy response. In general,

aggregation will miss the nuances of household behaviour and welfare im-

plications across the distribution. Currently there is little in the literature

that explicitly models how climate change variously affects different people,

especially through climate risk and individual uncertainty.

In order to explore these implications, I present a simple integrated as-

sessment model that encompasses the carbon, climate and economic systems.

The model is calibrated to match: a global CO2 emissions path scenario from

the IPCC, aggregate risk and damage estimates from the IAM literature, and

moments from the global distribution of income and wealth. The model in-

cludes both aggregate climate risk and idiosyncratic household productivity

shocks, which may be correlated. The primary exercise is to evaluate a range

of global carbon taxes, observe household welfare responses, and identify their

most preferred policy.

This policy preference depends on both the characteristics of the house-

hold and the policy. The carbon tax is determined in advance of the period

in which it applies; thus, household welfare is considered ex ante. In order
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to isolate the impact of wealth inequality on the identity of a household’s

most-preferred tax, I suppress the revenue redistribution channel and equal-

ize idiosyncratic risk-profiles. In this analysis, households differ only on their

wealth endowment; a determinant of their ability to self-insure. Clearly, ex

post redistribution of the tax revenue can be a significant contributor to the

distribution of welfare impacts. However, thorough analysis of revenue recy-

cling, double-dividends, and interaction with other distortionary taxation is

beyond the scope of this study.

My first finding is that when idiosyncratic risk is correlated with aggregate

risk, such that the variance of a household’s future labour income increases

in a bad aggregate state, the dispersion of the population’s tax preference

becomes large and quantitatively relevant. This result arises from the way

an increase in the risk on labour earnings affects households along the distri-

bution of wealth. Increasing the carbon tax decreases earnings volatility and

allows households to reduce precautionary savings. This effect is larger for

households who receive a relatively large proportion of their earnings from

labour - i.e. the poor.

My second finding is that the economic vulnerability of poor households in

the standard incomplete markets framework creates a role for carbon taxation

as a form of public insurance that can substitute for private savings. Car-

bon taxation reduces the impact of extreme climate realizations on earnings.

However, quantitatively, the direction of transfers inherent in the carbon tax

rebate is the most important factor in a household’s preference for strong

climate policy arising from climate related damages.

2 Background

The impending threat of climate change is well-documented, and arguably

represents the most significant challenge that policy makers have faced to

date. As an externality problem, climate change is characterised by a global

commons challenge; private use (combustion of fossil energy) impedes upon

the quality of a public good, the global climate. The climate change exter-

nality is compounded by the diffuse nature of the pollutant. Carbon dioxide

(CO2) is uniformly mixed, such that individual contribution to the stock
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of carbon in the atmosphere has a minuscule impact on one’s own welfare.

Another challenge is the reliance of our current industrial structure on the

combustion of fossil energy. There is no easy substitute for fossil fuel, which

makes solutions expensive. Given the severity of climate change’s impact on

the welfare of current and future generations, there is a clear opportunity for

policy intervention and public coordination - preferably on a global scale.

A growing empirical literature on the impacts of climate change identi-

fies significant distributional considerations. As mentioned above, the IPCC

notes that the global poor will be especially susceptible to decreasing agri-

cultural yields, access to clean drinking water, and global market disruption.

Skoufias (2012) summarizes some of the quantitative evidence on the welfare

impacts of climate change, particularly with respect to global poverty. The

author notes that there are sectoral considerations, particularly with respect

to decreasing agricultural productivity. However, the most vulnerable pop-

ulation may be urban wage-labourers, who are particularly exposed to food

price shocks. The global demographic shift towards ubranization also implies

that this could be a key driver on climate change’s influence on poverty met-

rics. Dell et al. (2013) review the empirical literature on weather shocks and

climate impacts. Several of the channels through which weather can impact

welfare include: labour productivity, health and mortality, and industrial and

services output. While not addressing household inequality directly, the au-

thors do note that climate impacts are likely heterogeneous, with damage

being higher for low income countries. On longer horizons, climate-induced

health shocks can create linked generational issues. Weather shocks, which

create better conditions for disease vectors or decrease maternal and infant

nutrition, can have effects on infant mortality as well as long-run implications

for adult outcomes (e.g. education, wealth, health and mortality).

2.1 Related literature

Recent work, related to this topic has looked at environmental taxes in the

context of distributional issues for public finance. Bosetti and Maffezzoli

(2013) and Fried et al. (2015) use an incomplete markets framework and ex-

amine the distributional impacts of various carbon taxation schemes. Neither

of these studies present an IAM, or indeed an externality, the aim not being to

derive an optimal tax, but rather to explore the implications of a potentially
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regressive environmental tax policy and the potential for double dividends

through various revenue recycling schemes. In contrast I hold constant the

fiscal structure of the global economy, and only allow climate specific taxation

to vary.

This paper is also closely related to the work done on expanding IAMs

to account for heterogeneity of impacts. Models with regional heterogeneity,

such as RICE and PAGE, account for geographical heterogeneity, and can be

used to make assessments of the distributional impacts of climate change on

poverty-related metrics, as in Skoufias (2012). To my knowledge, however, no

study has relaxed the representative agent assumption in an IAM framework,

and thus welfare analysis relies on aggregates, such as the elasticity of a

poverty count to changes in GDP.

A recent study, Dennig et al. (2015) acknowledging the need to move

beyond regional aggregation, explores an alternative to the standard RICE

framework by incorporating income inequality within regions. In the likely

case that damages are greater for the poor within a region, the authors find

that the optimal carbon tax would be well in excess of the case which does

not account for intra-regional income inequality. While similar in spirit my

work differs from this in several key ways: I focus on individual household be-

haviour in the face of incomplete savings markets, rather than representative

agents of regional income quintiles. I do not currently explore regional cli-

mate damage heterogeneity, or rely on an explicitly regressive climate damage.

And in my framework, the savings decision for each household is endogenous

to the climate policy rather than a fixed proportion of income, which ends up

being a key channel through which inequality drives policy impacts. Finally,

my analysis focuses on ex ante impacts caused by uninsurable risk. There-

fore, my contribution is from the perspective of today’s poor, rather than ex

post analysis of the impact on the future poor.

3 The Framework

In order to address the question on how optimal carbon policy setting re-

sponds to changes in household wealth inequality, I propose the following sim-

ple dynamic framework, which adopts much of the structure from Golosov et al.
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(2014). The model is a dynamic stochastic general equilibrium model, which

includes a simple description of climate change mechanics and allows for het-

erogeneous households. Thus it features a dynamic decision on household

consumption and savings. Competitive firms use fossil energy as an input in

production that increases the stock of greenhouse gases in the atmosphere,

which accumulate over time and increase global mean temperature. The in-

crease in temperature has a negative impact on aggregate production. Finally,

there exists an aggregate shock related to the climate change externality, such

that today’s decision makers don’t know the severity of the future tempera-

ture increase.

While the framework is dynamic, the time horizon is finite and for the

purposes of this exercise I limit the number of periods to two. Working with

household inequality and aggregate risk is challenging, and especially so in a

climate change framework, where households need to form expectations about

the evolution of the atmospheric carbon stock as well as the stock of capital.

This limited time horizon is sufficient for exploring the implications of income

and climate risk across the distribution of households, and I conjecture that

the findings of the two period model will carry over to longer horizons.

3.1 Households

Each household i chooses a sequence of consumption, ci,t and savings, ki,t+1

to maximise their expected lifetime utility taking aggregate prices, wt and,

rt, as given. It solves:

max
ci,t,ki,t+1

T
∑

t=1

βt−1IE[u(ci,t)]

s.t. ci,t + ki,t+1 = (1 + rt − δ)ki,t + wtli,thi,t + gi,t

ki,t+1 ≥ −b

where the households supply their period t labour endowment, li,t, (normal-

ized to 1) inelastically. As in Bewley-Aiyagari-Hugget-type models, hi,t is

an idiosyncratic labour productivity state that modifies an agent’s labour in-

come through the effective supply. Agents also have different wealth holdings,

where k0 is an initial endowment. Markets are incomplete, and households
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cannot borrow beyond the constraint b. Households may also receive a govern-

ment transfer, gi,t, financed by the revenue from carbon taxation. Aggregate

consumption, labour and capital supply are given by summing individual

household contributions.

Ct =

n
∑

i=1

ci,t Lt =

n
∑

i=1

li,thi,t Kt =

n
∑

i=1

ki,t.

3.2 Production

The product market is competitive, where representative firms solve a static

problem each period by choosing how much capital, Kt, labour, Lt, and fossil

energy, Et, to use in order to maximize profits.

max
Kt,Lt,Et

(1−D(St))F̃ (Kt, Lt, Et)− rtKt − wtLt − (κ+ τt)Et,

where ˜F (.) is production before damages are subtracted and F (Kt, Lt, Et, St)

= (1 − D(St))F̃ (Kt, Lt, Et). Fossil energy can be produced at constant

marginal cost, κ, and is in large enough supply such that there are no scarcity

rents. While scarcity is a feature of oil and gas fuels, coal is in virtual in-

finite supply from the perspective of the intended model horizon. As firms

are small they do not recognize the contribution of their own emissions to

climate change. However, a regulator can implement a tax, τt, in order to

impact their energy use. The climate externality manifests itself in the form

of a reduction in aggregate production, 1 − D(St), where ”damage”, D(St)

is increasing in the atmospheric stock of carbon, St. In the model, carbon

decreases production for a given set of inputs.

3.3 Climate change

The Greenhouse Effect arises from the growing stock of atmospheric carbon,

St. As the stock of carbon grows, the energy flow out of the earth’s atmo-

sphere decreases and results in rising global temperatures. Economic activity

contributes to the stock of carbon through the combustion of hydrocarbon

energy, Et. While there is a potential to model the complexity of the climate

system, including multiple carbon reservoirs, feedback effects, etc., I employ
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a more concise statement of the climate system.

I abstract from temperature in the model and instead focus on carbon

as the key climate state variable. I also choose to make a simplification on

the way that St evolves over time. Golosov et al. (2014) propose the follow-

ing reduced-form carbon depreciation function, which relates facts about the

persistence of carbon emissions in the atmosphere to how much of a marginal

impulse of emissions remains in the atmosphere after a length of s periods.

1− d(s) = ϕL + (1− ϕL)ϕ0(1− ϕ)s (1)

where ϕL is the share of Et that remains in the atmosphere forever, and the

remaining parameters are calibrated to account for facts about the life-cycle

of carbon in the atmosphere. Thus there are two components of St = Sperm,t+

Sdepr,t at any point in time, a permanent component Sperm,t = Sperm,t−1+ϕLEt,

and a component that depreciates over time, Sdepr,t = ϕSdepr,t−1 + ϕ0(1 −

ϕL)Et.

As mentioned earlier, damage takes the form of a reduction in aggregate

output. This is a large simplification of the negative impacts that a rising

global mean temperature would have on human welfare. One could imagine

other ways in which climate damage could be represented, such as direct loss

to household utility, or an increase in the capital depreciation rate, however

many IAMs, including Nordhaus’ DICE model, assume a loss of aggregate

output. For the sake of comparison to popular formulations of other IAMs,

I choose to follow this assumption and implement the aggregate damage

function proposed in Golosov et al. (2014).

1−D(St) = exp(−θk,tSt) (2)

Climate change damage is also a source of aggregate risk, where the even-

tual realization of atmospheric carbon’s potency as a GHG is a source of

uncertainty faced by decision makers in the model. For simplicity, I assume

there are two possible realizations of the aggregate shock, θk, which occurs

at some unknown point in the future. θhigh occurs with the probability of
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πhigh and denotes a high impact the climate externality, while θlow occurs

with probability 1− πhigh.

4 Representative agent reference case

The solution to the model framework when markets are complete is equivalent

to solving the model in the absence of income risk and borrowing constraints.

If, in addition, global households are represented by an agent with mean

wealth, the optimal tax has the familiar interpretation of the Pigouvian tax,

which is set in order to equate the marginal private cost to the marginal social

cost (in the case of a negative externality). With the ability to aggregate all

agents in an economy to a single representative agent, it is also easy to define

a social welfare function to be optimized: to maximize the representative

agent’s utility. Thus, I turn to the planning solution to identify the opti-

mal level of emissions (which implies the optimal tax value) under complete

markets.

max
Ct,Kt+1,Et

T
∑

t=0

βt−1IE[u(Ct)]

s.t. Ct +Kt+1 = F (Kt, Lt, Et, St)− κEt (3)

This problem delivers the first order condition

FE − κ = τt = IEt

T
∑

s=1

βs−1u
′(ct+s)

u′(ct)
FS(Kt+s, Lt+s, Et+s, St+s)S

′
t+s, (4)

where primes denote a function’s first derivative with respect to Et. This

expression shows that the tax which implements the optimal allocation of

fossil fuel use is set equal to the difference between the marginal private

benefit of fuel use (marginal product of energy FE) and the marginal private

cost, κ, at the social optimum fuel allocation. The right hand side of this

expression is often referred to as the social cost of carbon (SCC) and includes

the damage associated with the negative externality from fossil fuel use, both
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in the current period and future periods through the persistence of the carbon

pollutant.

In the absence of distortionary taxation, the carbon revenue is rebated

as a lump sum to the representative household. In the representative agent

case there are no gains from redistribution. It is also implicit that each

household views the climate threat in the same way. There is significantly

less uncertainty about one’s future welfare under such assumptions.

5 Stylized model and calibration

In order to understand how household inequality may impact the setting of

an optimal carbon policy, I propose a stylized version and calibration strat-

egy of the dynamic model summarized above. The stylized model retains

the features that are important for exploring the channels through which

inequality and climate vulnerability matter. Dynamics coupled with uncer-

tainty provide the channel through which the current poor are implicitly more

vulnerable to climate risk.

5.1 Period 1 as an endowment economy

As an illustrative simplification from the Section 2 framework, I assume that

there is no production in the first period, but rather households can consume

and save from their initial endowment. Household inequality stems from the

initial distribution of assets. An implication of there being no production is

that there is no fossil fuel use in period 1, and thus the stock of carbon is

only impacted endogenously by firms use of fuel in period 2. Production in

period 2 yields factor prices from which households earn income in period 2.

This stylized model is summarized by the following household and firm

problems, and their resulting equilibrium conditions.

max
ci,1,ci,2

u(ci,1) + βIE[u(ci,2)]

s.t. ci,1 + ki,2 = ωi

ci,2 = (1 + r2 − δ)ki,2 + w2hi,2 + gi,2

ki,2 ≥ −b
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where ωi is household i’s initial endowment.

The resulting optimal savings condition for household i is given by:

− u′(c1,i) + βIE[R2u
′(c2,i)] + µi = 0

µi[k2,i + (−b)] = 0

µi ≥ 0

Assuming CRRA utility, an unconstrained household i will save according

to:

(ω − k2,i)
σ = IE

[

(w2hi,2 + R2k2,i + gi,2)
σ

βR2

]

Assuming Cobb-Douglas production, period 2 factor prices and firm input

demands are given by the solution to the firms problem as stated in the

previous section:

rt = αe−θt,kStKα−1
t L1−α−ν

t Eν
t

wt = (1− α− ν)e−θt,kStKα
t L

−α−ν
t Eν

t

κ(1 + τt) = νe−θt,kStKα
t L

1−α−ν
t Eν−1

t

From this we can see that fossil fuel demand is decreasing in τ , and thus

can be set by the regulator to internalize the climate change externality. Also

factor earnings are decreasing in the atmospheric stock of carbon.

5.2 Generating inequality

Household inequality in the stylized model arises from two sources: a random

wealth endowment that places the recipient on the global wealth distribution;

and an idiosyncratic labour productivity draw that adds to the initial endow-

ment resources in the first period, as well determining the potential for future

earnings. These sources of idiosyncratic uncertainty are potentially corre-

lated, in that a household with a higher wealth endowment may be more

likely to experience a high labour productivity shock in period 2. Labour is

supplied inelastically, so a household’s period 2 labour income is dependent
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on their period 2 productivity realization, and the prevailing aggregate wage.

Under this structure, the distribution of wealth is controlled by choosing

a distribution for the initial wealth endowment. Income inequality consists

of multiple states, which are meant to represent a household’s position on

the global income distribution. In general, there can be many income states,

in order to meet more precise income inequality targets. Clearly, a realis-

tic representation of global income inequality would require many income

states - especially to represent the difference between those in poverty in the

developing world and those living in poverty in a wealthy nation.

5.3 Calibrating the stylized model

In order to give the stylized model a quantitative grounding, I proceed by

calibrating the model to reflect the global interaction of climate and the

economy over two periods of fifty years each. The model has three broad

categories for calibration: preferences and technology, carbon and climate,

and household inequality.

Preferences and technology

I adopt fairly standard assumptions for preferences and technology from the

macroeconomics literature, including CRRA utility, Cobb-Douglas produc-

tion, and full depreciation. In the short-run, the degree of substitutability

between capital-labour and energy should be relatively limited. However, the

length of periods in the model allow assumptions that correspond to longer

horizon characteristics of the production side. Factor shares, α and ν, are

based on averages from historic data, with respective values 0.3 and 0.04

taken from Golosov et al. (2014). The final parameter on the firm side is the

constant marginal cost of fossil fuel use, κ, which I calibrate endogenously

to achieve the business-as-usual atmospheric stock of carbon estimates from

the most recent IPCC report.

The choice of β is an important and controversial one in IAMs, as it

determines the weight that current decision makers put on future generations,

when the bulk of climate change is due to occur. The value of the optimal

policy is very sensitive to the selection of this parameter (see e.g. Tol (2009),

Saelen et al. (2008) and Anthoff et al. (2009) for discussion). However, in the
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absence of heterogeneity across households in regards to β, it is not essential

for understanding the question of intra-generational inequality.1 For now I

choose 0.98 as an annual rate, which is in a standard range for this parameter

in the family of IAMs.

Carbon and climate

The carbon system specification of Golosov et al. (2014) requires three pa-

rameters that govern the response of the carbon stock over time, ϕL, ϕ0, and

ϕ. I set ϕL = 0.2 to reflect the fact that 20% of an emissions pulse will

remain in the atmosphere forever. Likewise, ϕ governs the gradual decay of

the portion of carbon in the atmosphere that is subject to natural absorption

processes. Set to match the observation that this excess carbon has a half life

of 300 years, (1 − ϕ)300/50 = 0.5, this yields a value of about 0.109. Finally,

ϕ0 is identified by observing that roughly half of a given flow of emissions

are removed from the atmosphere after 30 years. Thus ϕ0 = 0.4 satisfies the

following expression from equation 1: 1− 0.5 = 0.2 + 0.8ϕ0(1− 0.11)3/5.

S2 is the atmospheric carbon stock associated with IPCC predictions for

business as usual (laissez faire equilibrium) 4◦C increase in temperature by

2100. We can find this by using a formula from Arrhenius (1896), which

relates an increase in the stock of carbon over pre-industrial levels to global

mean temperature.2

4 = ∆T = λ
ln S

S0

ln 2
= 3

ln S
600

ln 2

where λ denotes the sensitivity of temperature to atmospheric carbon concen-

tration (or more precisely denotes the increase in temperature resulting from

a doubling of pre-industrial atmospheric carbon concentration, which is here

set to 3◦C). This corresponds to an atmospheric carbon stock value of 1,500

(GtC). This is roughly 900 GtC in excess of pre-industrial levels. Thus 900

GtC becomes the calibration target for the business-as-usual (BAU) value of

1It is perhaps worth discussing the role of heterogeneity in time preference as a theory of inequality and
a means of generating realistic distributions of wealth in equilibrium (see for example Krusell and Smith
(1998)) Clearly if households have varying preferences for future outcomes, this opens up another dimension
for setting a one-size-fits-all carbon policy. I leave this to be explored in further work.

2see macro handbook chapter for further information – citation pending
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S2 (after normalising S0 to 0). To find out how much carbon is emitted in

the second period alone, I return to the IPCC BAU scenario which predicts

roughly 2◦C warming by 2050, and using the same method implies S1 = 350

GtC. Taking the difference between the two periods’ stocks implies that our

laissez-faire economy has to produce φE2 = S2−S1, E2 =
900−350
0.49 ≈ 1100GtC.

The exponential functional form that climate damage takes requires the

calibration of θ, which can be found by solving the relationship 1−D(S) =

exp(−θS2). Following the calibration of Golosov et al. (2014), who also in-

clude uncertainty in their estimates, I choose {θh, θl} = {2.046 · 10−4, 1.060 ·

10−5}. These values imply a loss to aggregate output of roughly 20% and 1%

respectively, if S2 reaches 900 GtC by 2100. Assigning probabilities to the

two states, I follow the same calibration {πh, πl} = {0.068, 0.934}.

Household inequality

The final category for calibration is household inequality. As explained above,

there are two sources of household heterogeneity, which arise from two sources

of economic inequality. Agents in the model are assigned an initial wealth and

labour productivity profile. Initial household wealth is distributed according

to the wealth distribution in Davies et al. (2011). According to this study

the level of wealth in our base year 2000 is 44,000 per adult (PPP), and the

distribution is summarized below in 1.

Table 1: Distribution of Wealth

Decile 1 2 3 4 5 6 7 8 9 10 Gini

World wealth share % 0.1 0.3 0.6 1.1 1.6 2.4 3.8 6.3 13.1 70.7 0.802

Agents are also assigned a productivity state in the first period, which

corresponds to their position in the income distribution. There are five pro-

ductivity states calibrated according to the quintiles of the global income

distribution (PPP) in Ortiz and Cummins (2011) and shown in the calibra-

tion table 2 on page 32. I assume that whatever causes a household to be

productive also causes them to be wealthy, such that the initial wealth en-

dowment is distributed according to a household’s position on the income

distribution (and vice versa). Since the first period is an endowment econ-

15



omy, a household’s first period productivity state determines two things: their

belief about their future earnings (through the probability transition matrix)

and the total size of their period 1 endowment. Thus, each household receives

two endowments, one that represents their initial wealth holdings, and one

that represents the labour income they earn during the first 50-year period.

As income is a flow, I calculate the income endowment by taking the level of

income (PPP) in the base year, and grow it at the growth rate of world GDP

over the first period and then sum all years. I then take this total amount

and divide it in proportion to a quintile’s share of total income. Each member

within a quintile receives an equal amount of that quintile’s share.

6 Carbon tax experiment

As an exercise to examine the impact of a carbon tax over the distribution

of households, I evaluate the stylized model over a grid of tax values, and

examine the response of households across the wealth distribution, the idea

being that the characteristics of an individual household will lead to varying

welfare impacts, and thus a most-preferred tax value. As the first period is an

endowment economy, the carbon tax is only levied in the second period when

production occurs. However the value of the tax is ”negotiated” in the first

period. Although pessimistic, it is perhaps not an unrealistic assumption that

a globally coordinated tax needs to be set in advance of the period in which it

becomes active. Choosing the carbon policy in advance implies that welfare

analysis is from the perspective of period 1. Thus a household’s favourite

tax is chosen ex ante according to its beliefs about what will happen in the

future.

Given the degree of inequality in the world, there is substantial opportu-

nity to increase welfare through redistribution strategies, or pursuing ”double

dividend” tax relief. In the absence of distortionary taxes in the model, I opt

for lump sum redistribution of the carbon tax revenue. There are many pos-

sible ways to share the tax revenue, and this will have a large impact on

the identity of an agent’s most preferred tax. For this exercise, I explore

several approaches for handling the tax revenue. In the first case, I discard

the tax revenue in order to isolate the mechanisms associated with the car-
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bon tax’s impact on capital and labour income. Discarding revenue is clearly

suboptimal; however, it reveals a few channels through which the carbon tax

can influence a household’s welfare and thus most preferred policy (carbon

concentration).

The second approach is to rebate the tax according to two different rules,

uniform and regressive. The response of a household’s policy preference to

the way in which revenue is rebated highlights the importance of redistribu-

tion and risk mitigation in the face of incomplete insurance markets. Clearly

a uniform redistribution rule is a very progressive use of the carbon tax rev-

enue, and the range of most preferred taxes reflects this. The regressive rule

rebates the revenue in proportion to a household’s second period productivity

realisation. Thus a high income realisation in the second period also means

a high carbon rebate.

Another key assumption in the incomplete markets framework is the per-

sistence of the income process. If the income process is serially correlated,

then a household’s current position gives information about their future in-

come as well. While there is likely income persistence across generations,

especially on the global income distribution, I use an i.i.d income process

for the starting point in my analysis. Thus a household’s current income

productivity does not carry any information about tomorrow’s productivity

realisation, and a household’s policy preference depends only upon its cash

on hand in period 1. In addition to i.i.d income processes, I will explore the

implications of income persistence later in this section.

6.1 Discarded revenue

I begin with an experiment where the carbon tax revenue is discarded. Fol-

lowing the calibration described above reveals that a standard calibration of

climate damage is insufficient to make any agent better off. Figure 1 shows

the difference between gross output and output net of carbon tax revenue.

From the gross output curve, we see that the carbon tax increases the avail-

ability of aggregate resources over a range of the instrument. The difference

between the two curves is the revenue raised by the regulator from levying

the carbon tax on fossil fuel use.
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Figure 1: Output response to carbon tax

At the baseline calibration for climate sensitivity, carbon taxation is wel-

fare decreasing for all agent types, if the revenue is discarded. In order to

proceed, I make an adjustment to the damage parametrization, which will be-

come a point of comparison for both the case where tax revenue is discarded,

as well as the case where revenue is returned. The extent of damage from

climate change is one of the most uncertain aspects of calibration in IAMs. If

the climate is more sensitive than the standard calibration, then temperature

will rise more quickly, and damage will be more severe. In an alternative high

climate sensitivity calibration, I assume that damage to production is twice

as bad in expectation as in the previous calibration. Here 10% of production

will be lost when atmospheric carbon reaches 1500 GtC by 2100, rather than

5%. To do this I leave the elasticity of damage in the high damage state

unchanged at θh = 1.9341 ∗ 10−5, but increase the elasticity of damage in the

low state to θl = 6.0335 ∗ 10−5. The high and low aggregate state probabil-

ities remain unchanged. The big implication of increasing the elasticity of

damage is that the benefits from reducing emissions outweigh the costs, even

when the tax revenue is discarded. This is a way of understanding how the

carbon tax affects households in the absence of redistribution. Taking the

carbon tax rebate out of the policy means that household welfare can only

be influenced through the tax’s impact on labour and capital earnings.
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The first case for this experiment is one where the state of the climate

does not have implications for the idiosyncratic risk. That is, the pay-offs

and transition probabilities in the idiosyncratic states are the same whether

the aggregate state is good or bad. In addition there is no income persistence

across periods, as agents face i.i.d probability. Thus an agent in period 1 is

equally likely of transitioning to one of the five income states in period 2.

While perhaps unrealistic in a global inequality context, an i.i.d probability

transition matrix is attractive for my initial analysis, as it ensures that house-

holds have identical income risk profiles. Thus households differ only on the

amount of resources available to them in the endowment period. I leave the

assessment of persistent income states for sensitivity analysis. Figure 2 re-

veals that there is little difference between household preferences for carbon

taxation.
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Figure 2: HH Wealth Endowment vs Most Preferred Carbon Tax - no rebate

Note: This figure shows the relationship between household cash on hand in the initial period and its policy preference for the

following period. In this scenario, the following assumptions hold: the government discards the tax revenue; the climate is more

sensitive than under the standard assumptions; and income risk is not correlated with aggregate climate risk. The pattern of

household policy preference shows very little dispersion by wealth.

The reason for this result comes from the symmetry in how the sources

of household earnings are impacted by climate change damage in the model.

With full depreciation and Cobb-Douglas production, the proportional change

in the factor earnings are quantitatively very similar in this case.3 This sym-

3In addition, if utility was logarithmic there would be no savings adjustment at all by households, even
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metry means that households who receive their earnings entirely from labour,

or entirely from capital, benefit from the carbon tax similarly.

If, on the other hand, household idiosyncratic risk is positively correlated

with the aggregate climate state, this symmetry between earnings sources

breaks down. Following the notion that climate impacts will be unequally

distributed across the population, I explore the implications of adverse shocks

hitting a subset of the population; the idea being that low productivity

households will be impacted more by climate change than high productiv-

ity households. Some examples of how this might occur is from the evidence

of temperature on labour productivity. Dell et al. (2012) discuss the existing

empirical evidence noting that sectors which involve outdoor labour, such as

agriculture, mining, construction, forestry, etc. see drops in productivity dur-

ing high temperature weather. Agriculture is arguably the most susceptible

to climate change impacts, and the global agricultural labour force is largely

concentrated in low income countries and amongst low earners.

From the equity premium literature Mankiw (1986) shows that when

asset markets are incomplete, the concentration of ex post adverse shocks

can increase the ex ante value of existing market assets. This logic trans-

lates into the climate change framework when idiosyncratic productivity is

correlated with the aggregate climate state. To explore this I introduce a

mean-preserving spread to the idiosyncratic productivity states, when the

aggregate climate state is bad. Thus, the volatility of labour productivity in-

creases when climate damage is most severe. Since all households are equally

likely to be subject to these shocks in the future, it does not change their

expected labour income, only its volatility. Their labour income vector thus

reads

(

h1 − µ h2 − µ h3 − µ h4 + µ h5 + 2µ
)

(5)

In this case, the uncertainty of labour income increases putting additional

pressure on poor constrained households who rely completely on their future

productivity realisation for period 2 welfare. I choose a µ equal to 0.01, which

in the case below where I assume idiosyncratic risk is positively correlated with aggregate climate risk.
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under my income state calibration results in a roughly 70% loss in productiv-

ity for the lowest quintile should the climate realisation be the high damage

state. From an aggregate perspective this may seem like a high number. How-

ever, recent studies on disaggregated impacts, such as Krusell and Smith Jr

(2015), find damage impacts similar to these magnitudes even in scenarios

which correspond to aggregate global damages that are in line with the low

damage aggregate state. Figure 3 reveals a relationship between a household’s

most preferred tax and its wealth endowment.
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Figure 3: HH Wealth Endowment vs Most Preferred Carbon Tax - no rebate,
correlated risk

Note: This figure shows the relationship between household cash on hand in the initial period and its policy preference for

the following period. In this scenario, the following assumptions hold: the government discards the tax revenue; the climate is

more sensitive than under the standard assumptions; and income risk is correlated with aggregate climate risk. The pattern of

household policy preference now shows significant dispersion by wealth. The representative agent comparison for this experiment

is included, where insurance markets are complete (no idiosyncratic income risk), and all households have mean wealth.

Poor constrained households prefer a tax more than twice as large as their

wealthier unconstrained counterparts. This result arises from constrained

households having greater exposure to climate risk. Agents who rely entirely

upon labour income benefit from stronger action on climate change, as cut-

ting emissions reduces losses associated with the worst potential outcomes.

Agents with private savings will not be hurt as badly in these realisations, as

they will have additional resources on hand for adaptation regardless of their

labour productivity state. Amongst unconstrained households the relative
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composition of earnings determines their most preferred tax, with the fourth

income quintile still receiving a large enough proportion of their earnings

from labour to prefer a higher carbon tax than the wealthier quintile above

them.

There are, however, additional general equilibrium considerations for wealthy

household tax preference. Figure 4 charts household tax preference against

their wealth endowment, when only considering the portion of their earnings

from capital. This reveals a reversal of the pattern under total earnings. Here

wealthier households prefer a higher tax. The reason for this is that carbon

taxation reduces savings more quickly amongst poorer households. This re-

duction in savings benefits wealthier households through higher returns on

their own savings, which they are not inclined to adjust as quickly in the face

of increased carbon taxation.
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Figure 4: HH Wealth Endowment vs Most Preferred Carbon Tax - capital
earnings only

Note: This figure shows the relationship between household cash on hand in the initial period and its policy preference for

the following period when only taking into account capital earnings. In this scenario, the following assumptions hold: the

government discards the tax revenue; the climate is more sensitive than under the standard assumptions; and income risk is

correlated with aggregate climate risk.

This general equilibrium effect only slightly attenuates the income compo-

sition effect, and on the whole carbon tax preference is decreasing in wealth.
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6.2 Uniform rebate

In this section I present the results from the same tax experiment as above,

except instead of discarding tax revenue it is returned in a uniform lump sum

to all households, gi,2 =
τE2

n . The income process remains as i.i.d and the re-

lationship between the idiosyncratic income risk and aggregate climate state

is the same as detailed above; that is, the mean-preserving spread detailed in

object 5 occurs if the aggregate climate risk has a bad realisation. This exper-

iment is characterised by a large degree of redistribution, where constrained

and low wealth households anticipate that the rebate will significantly sup-

plement their expected future income. Additionally, the uniform rebate is

predictable and independent of the idiosyncratic income risk (though still

dependent on aggregate risk). Figure 5 shows the relationship between a

household’s cash on hand in period 1 and their most preferred tax.
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Figure 5: HH Wealth Endowment vs Most Preferred Carbon Tax - uniform
rebate

Note: This figure shows the relationship between household cash on hand in initial period and its policy preference for the

following period. In this scenario, the following assumptions hold: the government rebates tax revenue as an equal lump sum

to all households; and income risk is correlated with aggregate climate risk. The left panel uses the standard climate sensitivity

parameterization, and the right uses the higher sensitivity assumption. The representative agent comparison for this experiment

is included, where insurance markets are complete (no idiosyncratic income risk), and all households have mean wealth.

Clearly the degree of redistribution is very important for low asset house-

holds, and this is reflected in the very high level of their most preferred tax

instrument. Under the baseline climate sensitivity, the poorest households
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prefer a tax instrument of 900% of the fuel input cost. The wealthiest house-

holds prefer a tax instrument that is 40-50%. Increasing climate sensitivity

reveals roughly a level shift up of the most preferred tax, reflecting the impact

of climate risk specifically on the most preferred instrument. This indicates

that the high tax rates reflect the strong preference for redistribution and

income certainty provided by the uniform rebate.

6.3 Regressive rebate

As an alternative to the highly progressive use of the carbon tax revenue in a

uniform rebate, I explore returning the carbon tax revenue in a regressive way.

In this case, the revenue is returned in proportion to a household’s period 2

income productivity draw, gi,2 =
hi,2

h̄
τE2

n , where h̄ is the mean of all income

states. There are several implications of this change from the uniform rule.

First, while the ex ante expected rebate is the same as the uniform rebate,

the ex post realisation of the rebate is now tied to the idiosyncratic risk of

household productivity. This eliminates the predictability of the rebate, and

as can be seen in Figure 6, greatly reduces the value of the policy for all

households. Under the regressive rebate rule, the poorest households prefer a

tax instrument equal to about 110% of the fuel input cost - almost an order

of magnitude smaller than under the uniform rebate. Also, interestingly, the

wealthiest households would rather not have a carbon tax at all, if the tax

revenue is rebated according to this regressive rule. The contrast between

these two rules illustrates the cost that risk imposes on all households. The

certainty of the uniform rebate is much more valuable for all households, and

especially poor households.
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Figure 6: HH Wealth Endowment vs Most Preferred Carbon Tax - regressive
rebate

Note: This figure shows the relationship between household cash on hand in the initial period and its policy preference for the

following period. In this scenario, the following assumptions hold: the government rebates tax revenue in proportion to their

period 2 productivity draw; and income risk is correlated with aggregate climate risk. The left panel uses the standard climate

sensitivity parameterization, and the right uses the higher sensitivity assumption. The representative agent comparison for this

experiment is included, where insurance markets are complete (no idiosyncratic income risk), and all households have mean

wealth.

Increasing the climate sensitivity results in an upward shift in tax level

preference, reflecting climate damage contribution to the social cost of car-

bon. At the higher climate sensitivity, the wealthiest households now prefer

a positive value of the carbon tax. In level terms the tax rate preference

increases more for the poor than wealthy if the climate is more sensitive.

6.4 Income persistence

In the earlier experiments the income process was not persistent, and thus a

household’s current position on the income distribution did not predict their

future earnings. This was a convenient assumption in order to isolate the

impact of cash on hand, specifically. Introducing some serial correlation to

the income process means a few things. First, the amount of idiosyncratic

risk decreases reducing the need for insurance. Second, a household’s income

draw in the first period becomes more informative about the value of the

future rebate, especially when the rebate is conditioned on the future reali-

sation, as in the regressive rule. In the following experiments I modify the
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income process to include some serial correlation. Specifically, I double the

probability that a household remains in their current productivity bracket

(from 20% to 40%).

In the two rebate scenarios this has the following effects. First, in the uni-

form rebate the redistribution motive is strengthened, resulting in a higher

desired carbon tax instrument by the least wealthy households. With income

persistence the poorest households have a lower expected labour income in

the future; thus the uniform rebate becomes an even larger share of their

expected total income. Likewise, the wealthiest households have more con-

fidence in their future labour earnings. Thus the uniform rebate is worth

much less to them, and reflected in the lower desired instrument level. How-

ever, income persistence does not dramatically alter the findings under the

i.i.d experiments. Increasing the amount of serial correlation in the income

process will lower the value of the carbon tax and rebate scheme as implicit

insurance, because the amount of income risk is decreasing. This will tend

to lower the most preferred tax for all households. Figure 7 shows the new,

most preferred tax relationship to cash on hand in period 1, with a uniform

rebate scheme.
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Figure 7: HH Wealth Endowment vs Most Preferred Carbon Tax - uniform
rebate - persistent income

Note: This figure shows the relationship between household cash on hand in the initial period and its policy preference for the

following period. In this scenario, the following assumptions hold: the government transfers tax revenue equally to households

as a lump sum; income risk is correlated with aggregate climate risk; and the income process is serially correlated. The left panel

uses the standard climate sensitivity parameterization, and the right uses the higher sensitivity assumption. The representative

agent comparison for this experiment is included, where insurance markets are complete (no idiosyncratic income risk), and all

households have mean wealth.

7 Conclusion and discussion

Currently, models of climate and the economy answer normative questions

about optimal carbon taxation, under assumptions of complete markets and

representative agents. Relaxing these two assumptions allows a better under-

standing of how implicit vulnerability of poor households and distributional

impacts can shape the optimal policy problem. Modifying a simple integrated

assessment model, with a standard incomplete markets framework, is a first

step in incorporating concerns of global household inequality in a familiar

policy evaluation framework for addressing climate change.

A common theme in the literature on incomplete markets is the role of

public policy as implicit insurance. In the absence of comprehensive risk

markets, policy makers can improve welfare by implementing various poli-

cies, e.g. progressive income taxation and public pension plans. This study

shows that carbon taxation can fill a similar role in an integrated assessment
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model setting. A carbon policy fulfils this role in several ways. First, the

tax reduces the use of fossil fuel, and thus mitigates the severity of climate

damage, especially in extreme realisations of aggregate risk. In the model

there are two sources of risk for which agents self-insure through precau-

tionary savings; idiosyncratic productivity and aggregate climate risk. Lower

wealth agents make a relatively costly trade-off by reducing current consump-

tion to insure against both lower labour earnings and a bad realisation for

the climate state. As emissions negatively impact aggregate prices, the car-

bon policy can both improve tomorrow’s expected earnings and reduce the

volatility of tomorrow’s consumption. Furthermore, if idiosyncratic produc-

tivity outcomes are correlated with the aggregate climate state, such that

household productivity is more volatile in a bad climate state, then the tax

becomes more important for all households, and poor households in particu-

lar. Secondly, the carbon policy presents an opportunity to increase the gross

resources available by internalizing the climate change externality. The way

these additional resources are distributed amongst the population can have

substantial welfare implications, particularly for constrained households who

are unable to self-insure.

The most interesting result from this experiment is the heterogeneity in

tax preference in the absence of redistribution. Household earnings arise from

two sources, capital and labour. Since households differ in their endowment,

the relative importance of the source of their earnings can introduce asym-

metries in their tax preference. When idiosyncratic productivity shocks are

correlated with the aggregate climate state, households face asymmetric risk

to the two components of their earnings. Households which rely more heavily

on their labour earnings, i.e. the poor, will prefer a tax that improves both

the expected value and volatility of labour earnings. In addition, agents who

have substantial private savings will face less volatility in their utility, imply-

ing that risk per se is more harmful to poor households. For these reasons

we observe a result where tax level preference decreases with wealth.

The magnitude of differences in carbon tax preferences across the distri-

bution of households is largely dominated by concerns over the direction of

transfers. This holds true even under consideration of high climate damage.

The degree of economic vulnerability that arises in the standard incomplete
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market setting places a large emphasis on how the transfers are directed, as

well as their predictability. The role that carbon policy plays, as a form

of public insurance, will be a significant part in determining the identity of

a global tax agreement, in a setting of incomplete markets and substantial

household inequality.
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Table 2: Parameters Calibrated Exogenously

Parameter Value Description Source

Preferences

β 0.98 Annual discount fac-
tors

Macro literature

Technology

α 0.3 Capital’s value share
of output

Macro literature

ν 0.04 Fossil energy’s value
share of output

(Golosov et al.,
2014)

b 0 Household borrow-
ing limit

Author’s choice

Carbon and climate

θl 1.9341 · 10−5 Climate damage elas-
ticity in low state

(Golosov et al.,
2014)

θh 2.3780 · 10−4 Climate damage elas-
ticity in high state

—”—

[πl, πh] [0.932, 0.068] Probabilities of ag-
gregate states

—”—

ϕL, ϕ0, ϕ 0.2, 0.4, 0.109 carbon depreciation
rates

Inequality

Income
quintiles

[0.827, 0.117,
0.023, 0.019,
0.014]

Share of global in-
come

Ortiz and Cummins
(2011)
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Immigration Shocks, Equilibrium

Unemployment and Inequality

1 Introduction

Regional conflict, political instability, and increasingly climate change related

events, can give rise to unanticipated movements of people. The refugee crisis

in 2015 resulted in a substantial increase of inflow migration to the European

Union for which member states were not prepared. During this year the

number of new asylum applications was more than double the previous year.

In certain countries, like Sweden and Hungary, the number of new applicants

exceeded 1% of total population. While immigration is a natural part of

demographic change, and migration decisions occur endogenously in response

to the relative incentives between sending and receiving economies, migration

shocks are clearly a phenomenon to be studied in a macroeconomic context.

In order to assess the impact of large immigration shocks on the macroe-

conomy, inequality, and household welfare, I present a modelling framework

that allows for equilibrium unemployment and precautionary savings. Fol-

lowing Krusell et al. (2010), I introduce a matching friction into the stan-

dard incomplete markets model. I investigate several transition experiments,
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aimed at exploring the mechanisms behind the impacts of a substantial im-

migration shock, on the evolution of macroeconomic variables relating to the

labour sector, as well as heterogeneity and inequality amongst households.

The model is calibrated to the US economy. However, there are lessons for

other economies, which may, nevertheless, differ substantially from the US

experience. The framework presented in this chapter represents a starting

point for a much larger project that will allow for the parametrization of

many economies that could have significantly different characteristics and

labour market institutions. It is worth noting that the US is a relatively

frictionless example in comparison to European economies with more rigid

labour markets. Thus we can expect to find a substantial variety of responses

to immigrations shocks once these differences are accounted for.

I find that a major channel through which a large immigration shock

affects factor prices is through the dilution of the capital stock. Upon the

immigration cohort’s arrival, firms want to quickly create jobs to take ad-

vantage of the looser labour market. However, given all the newly created

jobs, capital is insufficient to achieve the long-run capital intensity per job,

and thus the price of capital is bid up. With the increase in firms’ capital

bill wages fall, causing a loss in welfare for natives. Immigrants integrate

into the labour market according to the prevailing matching rates. However,

depending on their initial asset position and the duration of unemployment

spells, convergence towards the median native’s wealth position can take gen-

erations.

For an immigration cohort equal in size to 1% of the total population in

the US calibrated economy, macroeconomic responses are very small. How-

ever, both the magnitude and direction of the response depend on the charac-

teristics of the immigration cohort and the receiving economy. In additional

experiments, I find that the magnitude of the impact of the shock increases

more than proportionally with the size of the immigration cohort; native

welfare loss increases 4.3 times for a doubling in the size of the shock. The

direction of the impacts can be reversed, depending on the assets on hand

for the arriving cohort. If average immigrant wealth is sufficiently close to

the capital intensity of the receiving economy, then the capital available af-

ter arrival will be enough to supply the newly created jobs, as immigrants
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integrate into employment.

In addition to varying the nature of the cohort, I also change the char-

acteristics of the receiving economy. First, I find that in an economy with

longer unemployment spells (and thus higher equilibrium unemployment),

the impact of a 1% immigration shock is stronger and longer lasting. As a

consequence, the immigrant cohort takes a substantially longer time to inte-

grate to an equal wealth position as that of natives. Extending the model to

include multiple segregated employment sectors, I find that a 1% shock con-

centrated in the low-skill sector yields a stronger and longer lasting response

than in the single sector economy, taking nearly twice as long for the capital

price to return to its long run level. Natives in the low-skill sector are more

adversely affected than those in the high-skill sector. However, as the capital

stock is shared between the two sectors, high-skill workers also see a fall in

their wages and welfare.

In terms of impacts on natives, other studies have also found small re-

sponses for historically calibrated shocks to the US economy. Nevertheless,

the empirical literature is inconclusive, even on the sign that wage responses

take. In my framework I allow immigrants to immediately compete directly

with natives for posted vacancies. If immigrants were less ready to enter the

labour market, the impacts on natives would be even smaller. In addition,

I don’t currently include complementarity between skill-types, which would

provide a channel for low skill-biased immigration to exert beneficial pressure

on high skill wages.

There is an extensive literature on the impact of immigration, both mod-

elling and empirical. This paper aims to contribute to the literature on

modelling immigration shocks and move towards a rich framework for pol-

icy analysis. Using search and matching frictions has been shown to be a

versatile approach for capturing the dynamics of the labour market with

equilibrium unemployment and in a few instances to assess the impacts of

immigration. Some notable examples of this include: Ortega (2000); Liu

(2010); Chassamboulli and Palivos (2014); Chassamboulli and Peri (2015);

and Battisti et al. (2017). Chassamboulli and Palivos (2014) present a search

and matching framework with skill heterogeneity, differential search cost, and

capital-skill complementarity. Household utility is linear and the authors per-
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form a simulation of the impact of a 10 year period of historical skill-biased

immigration on the US economy. They find that this period of skill-biased

immigration had a net positive impact on native income, but that there

were distributional effects, with high skill natives being slightly worse off.

Battisti et al. (2017) extend a similar framework to include a public sector

that redistributes income through unemployment benefits and provision of

public goods. In addition, they examine a large sample of countries and assess

native welfare under various immigration scenarios. They find small welfare

gains for natives across nearly all countries examined, where the attenuation

of search frictions outweighs the increased welfare costs of redistribution.

My paper differs from these by looking at general equilibrium outcomes

with incomplete insurance markets and risk averse workers. Relaxing the

complete markets assumption, and performing counter-factual transition ex-

periments, allows me to examine the conditional welfare of natives based on

their position in the evolving wealth distribution. In addition, I can follow

the evolution of immigrant wealth, as the new arrivals integrate over time to

a new long-run equilibrium.

In general, there are very few studies which combine idiosyncratic risk

with endogenous unemployment, and to my knowledge there are no studies

that look at immigration in this context. In addition, I compute transition

experiments rather than comparative steady states, and it is a non-trivial

exercise to follow the evolution of the distribution of households after a sig-

nificant population shock. This represents the first step in creating a richer

framework for a larger project, which will include greater institutional detail

and cross-country comparisons. The results in this chapter represent ground-

work for the challenges inherent in putting together a richer framework for

applied work.

The remainder of the paper is organized as follows: in Section 2 I detail

the model specifics and offer an initial calibration; in Section 3 I present an

initial baseline transition experiment for an immigration shock, followed up

by several additional experiments to be compared; in Section 4 I conclude

and offer suggestions for further work.
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2 Steady State Framework

Briefly, the model follows closely the one presented in Krusell et al. (2010)

with a few modifications. The model is characterized by a Bewley-Hugget-

Aiyagari incomplete markets model with labour market frictions arising from

a Diamond-Mortensen-Pissarides search and matching framework. The mod-

ifications include: a simplification on the wage formation, with workers win-

ning a fixed share of the firm’s surplus (rather than the outcome of Nash

bargaining), and a multi-sector search model delimited by worker skill-type,

which allows for variation in population growth across sectors.

2.1 Population, preferences and technology

The model is in discrete time with infinite horizon. There is a population

of consumers of measure 1, who are endowed with a permanent ability type

that segments them into production sectors. In addition to their ability type,

households can be either employed or unemployed. Immigrants are merely

newly arrived households; after arrival there is nothing to distinguish them

per se. Conditional on ability and employment status they are considered

perfect substitutes for natives. To some extent this is a strong assumption, as

we witness very different outcomes between foreign born and native workers,

including gaps in wages, unemployment and participation. Extending the

model to include country-specific human capital accumulation, representing

language or networking knowledge, would be one way to address these gaps.

The current implementation, however, allows immigrants to compete directly

with natives. This can be seen as a worst-case scenario from the perspective

of negative impacts on native’s labour market outcomes, as there is nothing

to insulate them from the increased competition for vacancies.

Production in either sector is decentralized and produces the same con-

sumption good, with technology F (k, ν), where F (·) is an increasing and

strictly concave production function, k is the capital stock used by the worker

and ν is a worker’s effective labour supply. Capital depreciates every period

at rate δ. Workers have standard time-additive preferences over the consump-

tion good, c, with discount factor β and leisure is not valued.
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βt−1u(ct)

Firms’ output has three claimants: consumption, savings and vacancy cre-

ation, as detailed below in section 2.5.

2.2 Matching

There are many firms, one per ”job”, and they act competitively in the labour

market. The labour market is multi-sector, distinguished by the skill-type

endowment of workers, denoted by s ∈ S. In general, there are S skill types,

and thus S sectors, which are in essence distinct labour markets. Vacancies

and unemployed workers are randomly matched each period according to an

aggregate matching function for sector s. Each aggregate matching function,

Ms(us, vs), gives the number of matches in a period, given the number of

unemployed workers, us, and number of vacancies, vs in sector s. Ms follows

the typical characteristics from the matching literature (i.e. constant returns

to scale and increasing in both arguments). The probability that a vacancy

in sector s is filled in the current period is given by, λfs = Ms(us, vs)/vs.

This can be re-written as a function of market tightness, θs =
vs
us

, Ms(1/θs, 1).

Likewise, the probability of an unemployed worker becoming employed in the

current period is, λws =Ms(us, vs)/us, which can also be written as a function

of market tightness, λws = θsλ
f
s . For simplicity I assume that job separations

occur exogenously, and with sector-specific probability σs.

The labour force of sector s, Ls is subject to growth by unanticipated ar-

rivals of immigrant workers, Is, who enter the labour force via the unemploy-

ment pool us.
1 Thus we can write the dynamics of the stock of unemployed

workers in sector s as:2

u′s = (1− λws )us + σsEs + Is (1)

1In this framework I abstract from population growth and natural immigration trends.
2In the steady state we can write the dynamics of the unemployment rate as u′

s
= (1−λw

s
)us+σs(1−us).

6



2.3 Asset Structure

Insurance markets are incomplete, so households who face idiosyncratic em-

ployment shocks must self-insure with either of two available assets: physical

capital k, and equity x, which is a claim on firm profits. Total value of the

firms is p, of which households can own a share x. A no arbitrage condition

implies that p has to satisfy the following condition (with primes denoting

next period):

p =
d′ + p′

1 + r′ − δ
(2)

where r is the return on capital, d the dividend paid to holders of equity, and

δ is the depreciation rate on capital. The total available equity is normalised

to one. Denote the inverse of the gross real interest rate by q ≡ 1/(1+ r′− δ),

which is the market discount rate.

From the perspective of households, capital and equity are equivalent:

two risk-free assets offering the same return. Thus individual portfolios do

not need to distinguish between the two quantities. Let a be the household’s

current wealth.

a ≡ (1 + r − δ)k + (p+ d)x

2.4 Households

Households are characterised by their asset position, employment status and

skill sector endowment. Employed households earn the prevailing wage. Un-

employed households receive some amount of home production, hs, which is

equal to a fixed proportion of the market wage. This could also be inter-

preted as unemployment insurance. However, in the current framework there

is no government budget constraint. In the situation where an unemployed

household’s income is financed through taxation, immigration could place

additional pressure on the fiscal balance, a channel that has been explored

extensively in the literature. The current framework abstracts from a public

sector and focuses on unemployment and the labour market. However, ex-

ploring the fiscal channel is a priority for further work, including progressive
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taxation and social security financing.

Employed households in sector s budget constraint:

c+ qa′ = a+ ws (3)

Employed households in sector s value function is:

Ws(w, a) = maxu(c) + β[σsU(a
′) + (1− σs)Ws(a

′)] (4)

subject to their budget constraint and borrowing constraint a′ ≥ a. Unem-

ployed households in sector s value function is:

Us(a) = maxu(c) + β[(1− λws )U(a
′) + λwsWs(a

′)] (5)

subject to:

c+ qa′ = a+ hs and a′ ≥ a

2.5 Firms

Firms create jobs (post vacancies) in all sectors, rent capital, and produce

the consumption good. The value of posting a vacancy in sector s is:

Vs = −ψs + q[(1− λfs )V + λfsJs] (6)

where ψ is the fixed cost of vacancy creation.

The value of a filled job, given the wage w, is:

Js = maxF (ks)− rks − ws + q[σsVs + (1− σs)Js] (7)

Once matched with a worker of type s, the firm will rent capital in order to

satisfy the first order condition with respect to capital, yielding the capital

per job demanded in either sector: r = F ′(ks, νs).

As discussed in Subsection 2.2 there is a segmented labour market for

each sector, which are delineated by the skill type of the worker that they

8



hire. Each sector thus has its own capital demand, which depends on the

effective labour supply of the employed worker νs.

2.5.1 Wage determination

As a significant departure from Krusell et al. (2010) assumptions, I do not

include a Nash bargaining implementation for the wage formation process.

Rather, I use a simplification whereby households capture some fixed share,

γs, of the labour surplus, ys− rks. Wages are reset every period according to

the following rule:

ws = γs(ys − rks) (8)

There are a few notable implications of this. First, there is no strategic incen-

tive for households to accumulate wealth in order to affect their future wage.

This simplifies computation greatly. Second, as a result of this simplification,

there is no intra-sectoral wage dispersion arising from wealth inequality. One

of the the results of Krusell et al. (2010) is a modest amount of wage disper-

sion caused by agent wealth inequality. In their framework, households with

more individual wealth are able to negotiate a higher wage in the Nash bar-

gaining phase as their outside option is improved by more savings. This effect

is absent from the current model, and thus (in the absence of idiosyncratic

productivity shocks) all agents have the same sectoral wage.

In other papers on immigration with search and matching frictions, which

include Nash bargaining and linear utility, immigrants have an inferior out-

side option to natives. This can create a positive externality on natives’

employment prospects, since the value of posting a vacancy will increase as

the probability of being matched with an immigrant increases. This arises

from the increased likelihood of winning a larger accounting profit from the

immigrant match, as their wage bargaining position is weaker. In this way my

framework is harsher on native welfare, as there is only a downside to increas-

ing the number of searching workers arising from the increased competition

for vacancies.
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2.5.2 Timing

The timing of the model is as follows: at the start of the period immigrants

(if any) arrive; next, unemployed workers (including recently arrived immi-

grants) begin searching for work and firms post vacancies; then, job matches

produced in the previous period rent capital, set wages, produce the final

consumption good, and pay wages and dividends; all households then de-

cide savings; finally, the matching process for next period’s jobs resolves and

separations occur.

2.6 Steady state calibration

For the initial baseline experiment, I limit the model to a single sector, S =

1. Calibration of the steady state model follows the one-sector strategy of

Shimer (2005) as implemented in Krusell et al. (2010), which represents the

US economy. A period length is 6 weeks. The production function is F (k) =

kα (thus ν = 1) and I set α = 0.3. Given the period length, I set β = 0.995

(which corresponds to an annual value of 0.96) and target an annual interest

rate of 4%. The depreciation rate of capital, δ, is 0.01. Preferences are

logarithmic and the borrowing constraint on households is a = 0.

In terms of the labour-matching friction calibration, the exogenous prob-

ability of job separation, σ, is 0.05 (to match a monthly separation rate of

0.034). Home production, h, is set to be 40% of equilibrium wage, which is

chosen in Shimer (2005) to mimic the relationship between UI and wages. Al-

ternative calibrations place the replacement ratio much higher. For example,

Hagedorn and Manovskii (2008) argue that the replacement rate could be

very close to one, and Chassamboulli and Palivos (2014) use 0.71 and argue

that Shimer’s 0.4 esimate can be viewed as a lower bound. The replace-

ment ratio is of particular importance in the incomplete markets framework,

because it is an element of the amount of risk in the model, and affects the de-

gree of precautionary savings. As h approaches 1, the need for precautionary

savings falls. Institutionally, this is also an area which can differ substan-

tially amongst countries, with European welfare states providing much more

generous UI and thus higher replacement rates.

The functional form of the matching function is Cobb-Douglas, Ms =

χuηv1−η, which is fairly standard for the literature. Targeting a market tight-
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ness of 1 means that we can set χ = 0.6 to hit our target monthly job match

rate of 0.45, which translates into 0.592 for a six week period. The vacancy

posting cost, ξ, is chosen such that θ = 1 ensures that the free-entry condition

is satisfied for firms’ vacancy posting decision. In equilibrium this is ξ = 7.72,

vacancy costs are linked to an observation on the capital and labour costs

of posting vacancies.3. Finally, I have to make a decision on the choice of γ,

which, as discussed earlier, is an analogue to the workers’ bargaining strength

in the Nash game. Despite the difference in assumption on wage formation,

I decide to use the same value as in Krusell et al. (2010), γ = 0.72. Table 1

shows the endogenous values of this steady state equilibrium.

Table 1: Steady state calibration results

r u(%) v θ k̄ p d w

Baseline 0.01502 7.69 0.0769 1 66.54 11.87 0.06 1.82

3 Transition experiment

To explore the implications of a significant influx of new workers to the econ-

omy, I perform a transition experiment. In place of modelling a specific

historical immigration event, I define a counter-factual increase in the pop-

ulation, choosing both their initial wealth holdings and employment status.

The economy is initially in a steady state and the shock is unanticipated. For

the base experiment, I set the size of the shock to be a 1% increase in the size

of the labour force. All new arrivals enter the labour force as unemployed. I

choose to give the new arrivals a low wealth endowment of 50, well below the

median native value of 80. I will also explore the impact that the nature of

the shock has on these variables, leaving opportunity to adjust the size and

composition of the immigration cohort.

The immigration shock results in an instantaneous increase in the stock of

unemployed workers at the beginning of period 1. The timing of the shock is

such that firms are able to respond to the new stock of unemployed workers by

3In this calibration strategy, ξ is a free parameter. In other calibration strategies, such as
Hagedorn and Manovskii (2008) It is worth noting that in order to achieve the calibration targets of Shimer
under my wage bargaining assumptions, vacancy posting is significantly more costly for firms.
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posting vacancies within the period, thus satisfying the free-entry condition.

Thus vacancies jump within the period the shock occurs. However, since the

capital market did not anticipate the shock, the capital available in period

1 is inherited from the steady state capital stock, as the immigrants’ wealth

endowment does not add to the stock of productive capital in period 1.

In qualitative terms, tracing the impact of the shock shows how the change

in the unemployment stock carries through to impacts in the macro-economy.

All else equal, an increase in the stock of unemployed workers decreases the

tightness of the labour market and increases the probability of a vacancy

being filled. With a higher matching probability for firms the value of posting

a vacancy increases, becoming positive. Firms are then able to respond within

the period by posting vacancies, until the value of doing so returns to zero.

With the increase in the labour force, the steady state capital is insufficient

for the number of new jobs to be created in the following period. The price of

capital is thus bid up, which has several implications. First, firm expenditures

on capital increase, which in turn (according to the wage setting assumptions)

decreases the prevailing wage. Facing both a higher interest rate and lower

wage next period, households respond by altering their savings.

The transition continues while the capital per firm is below the long run

steady state value. In the base one-sector experiment all values will return

to the original steady state per capita values, as the immigration shock is

not biased towards one of many sectors. Depending on the the initial wealth

position of the immigrant cohort, convergence of the new arrivals to the

average wealth holdings of natives can take a very long time. However, major

macroeconomic variables such as: aggregate capital, factor prices, labour

market tightness, and the unemployment rate, return to their long run values

much more rapidly.

In terms of welfare we can look at the effect of the shock on native workers

over the lifetime. Because households are heterogeneous, the welfare response

depends: on sectoral membership, employment status at the time of the

shock, and wealth position. The notion is that if a household is unemployed,

an increase in the unemployment pool makes it less likely that they will

be matched with a vacancy. Also, if a household has low wealth and is

constrained by the borrowing friction, the fall in its wage will not be offset
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by the increase in the interest rate.

A formal definition of the transition is given in the Appendix, Section 5.1.

3.1 Baseline experiment

Here are the quantitative effects of an unanticipated shock of new workers to

the baseline economy. Recall that the baseline economy is single sector, and

the immigration shock is a 1% increase in the stock of unemployed workers in

the economy. First, I examine the transition of key macroeconomic variables.

Figure 1 shows the response of six variables. Unemployment, originally at

7.8% in steady state rises to 8.6% on impact. However, unemployment quickly

falls as firms respond by posting vacancies to be filled in the following period.

Because of the rapid response of vacancy posting, those in the unemployment

pool face a very small dip in their job find rate. In response to the demand

for more capital to be used with the new jobs the price of capital is bid

up, peaking at an increase of 0.1% over steady state value. The increased

cost of capital per job causes a slight drop in the bargained wage. These

variables return to their long run levels relatively quickly (roughly 2 years

after impact).

Immigrant integration

Figure 2 shows the path of integration for immigrants. First, I show how

immigrant unemployment experience converges over time to that of the over

all economy. Beginning at 100% unemployment, the new arrivals find jobs at

the prevailing job matching rate for the single sector. Since the expansion of

the labour force decreases the tightness of the labour market, firms are enticed

(within the period of the shock) to post vacancies in the hopes of creating a

match and producing next period. Unemployed natives compete against the

new arrivals. However, due to the small response of the matching probability

to the shock, the unemployment rate of natives does not experience much

change. It takes 7 periods (just under a year) for immigrants to achieve the

same unemployment rate as the overall economy.

Wealth accumulation, however, is a more prolonged affair. Entering with

a much lower average wealth than natives, immigrants accumulate wealth

slowly. The asset level of the median immigrant is tracked in Figure 3, and
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Figure 1: Response of macro variables
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Figure 2: Path of immigrant economic integration: employment

rises slowly to the wealth of the median household in the economy as a

whole, achieving parity after more than 400 periods (50 years). If we view

a generation as 30 years (240 model periods), then wealth parity would not

be achieved within the immigrant cohort’s first generation. The initial dip

in median wealth of immigrants reflects the higher unemployment rate and

dis-saving of those households, thereafter converging monotonically as immi-

grants manage to integrate in terms of employment.

Native welfare impacts

It is possible to assess the welfare impacts of the immigration shock on the

various types of households in this economy.4 To assess this, I calculate the

conditional welfare change in terms of consumption-equivalent variation. In

other words, conditional on their wealth level and employment status, this

measure tells us how much a household would gain (lose) in percentage of

lifetime consumption, living through the transition induced by the immigra-

tion shock versus remaining in the pre-shock steady state. The measure is

4However, I will only perform welfare analysis from the perspective of natives in response to the shock. A
theory of migration choice, or an explicit modelling of the pre-migration experience of the immigrant cohort,
is beyond the scope of this study, and therefore there is no ”business-as-usual” experience for immigrants to
compare.
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Figure 3: Path of immigrant economic integration: wealth

given by the following expression:

E0

∞
∑

t=0

βtu([1 + ω(a, e)]c∗t ) = E0

∞
∑

t=0

βtu(c̃t)

With logarithmic utility, we can easily solve for the conditional welfare

change, ω(a, e), by pulling the common factor out of the left-hand side and

computing the expected discounted utility of living in the steady state v∗(a, e),

as well as living through the transition, ṽ0(a, e). The conditional welfare

change can thus be expressed,

ω(a, e) = exp(ṽ0(a, e)− v∗(a, e))(1− β)− 1 (9)

Figure 4 shows the range of welfare responses across wealth holdings for

households who were either employed or unemployed at the time of the shock.

The shock results in a negative welfare change for both employed and unem-

ployed households, with households who were unemployed at the time of the

shock worse off than those who were employed. However, the magnitude of

the shock is very small, representing a decrease of 8.7∗10−6 consumption for

an employed household with average wealth. In sum, we have:

Finding 1: A large unanticipated immigration shock causes a small

fall in wages and native welfare. After arrival, firms look to create new
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Figure 4: Conditional welfare change from 1% shock

positions to be filled by the immigration cohort, which spreads the available

capital more thinly. The impact subsides as savings catch up with the immi-

grants assimilating into employment, and capital per job returns to its long

run level.

3.2 Size and composition of shock

This section expands on the analysis in the baseline experiment by alter-

ing the size and composition of the immigration shock. Holding the steady

state calibration constant, I alter features of the immigrant cohort to see the

variation in impact.

Size

First, following the baseline calibration from above, I perform additional

transition experiments by varying the size of the immigration cohort at both

0.75% and 2% of total population. The immigration cohort maintains the

same wealth distribution upon entry and arrives in the unemployment pool

at period 1. Doubling the shock represents a substantial increase in the un-

employment rate over the baseline experiments shock scenario (now 9.5% on

impact), which is evident in the relative movements of the macroeconomic

variables in Figure 5. The return on capital response is much stronger than

a 1:1 scaling would produce. In fact, the short term impact on the capital

price is over five times larger than under the 1% case. Likewise, the other
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Figure 5: Varying size of immigration shock

indicators reflect this size effect, with the wage dropping by a similar com-

parative magnitude (though still small in absolute terms). Finally, the job

matching rate also suffers a comparatively large drop in comparison to the

baseline experiment, seven times larger than under the 1% case. I also present

results from an experiment which moves the size of the shock in the opposite

direction, where the size of the cohort is 0.75% of total population, where the

results are appropriately reflected by the relative magnitude.

In terms of immigrant assimilation, the size of the shock has basically no

impact on how long it takes the immigrant cohort to assimilate into employ-

ment. This is because in absolute terms, the size of the shock has very little

impact on the matching rate. The immigrants achieve parity in the unem-

ployment rate at the same point, regardless of the magnitude of the shock.

There is also little difference in the horizon for wealth accumulation, though

it does take immigrants arriving in the 2% cohort a little bit longer to reach
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the wealth holdings of an average native.

Finally, the welfare response (while remaining very small in absolute

terms) is comparatively strong under the 2% shock scenario, yielding a neg-

ative welfare response 4.3 times stronger than under the 1% scenario. These

results indicate that the relative size of the immigration cohort to the native

population is an important factor in determining the impact of an immigra-

tion shock. In sum:

Finding 2: The impact of the immigration shock scales more than

proportionally with its size. Doubling the size of the immigration shock

leads to a five fold increase in the real return on capital, a seven fold drop

in the job finding rate, and a 4.3 times stronger response to native welfare.

However, it does not contribute to a substantial change in immigrant integra-

tion.

Composition

In order to examine how the composition of the immigrant cohort could

effect the implications of the shock, I hold constant the size of the shock as

in the baseline experiment above (1% of the total population), and vary the

median wealth of the immigration cohort. Recall in the baseline experiment,

the asset holdings of the median immigrant is 50 upon arrival. I examine

the case where immigrants have more wealth on hand at arrival. In this

alternative composition scenario, the median immigrant holds 66. Figure 6

shows the relative response between the baseline scenario and the new higher

wealth cohort. Interestingly, the sign of the impacts are reversed for the

capital price, wage rate, and job finding probability.

While the average wealth of immigrants still falls below that of natives, the

average capital available per job rises. New arrivals take time to be matched

into employment; however, given their period 1 savings decision, their capital

holdings are available to be used in production the period following arrival.

As such, the amount of capital per job increases, which in turn lowers the

return on capital and increases wages. As immigrants assimilate into employ-

ment, capital per job falls and the macro aggregates quickly return to their

long run levels.

In terms of assimilation the immigrant cohort starts at a higher level of
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Figure 6: Varying composition of immigration shock

20



t

100 200 300 400 500 600 700 800

A
ss
et
s
o
f
m
ed

ia
n
H
H

45

50

55

60

65

70

75

80

85
Wealth convergence by immigrant cohort composition

med(a)=50

med(a)=66

Natives

Figure 7: Path of economic integration by cohort composition

average wealth, and thus the distance to reach the same level of wealth as

the average native is shorter. Figure 7 shows the path that the two cohorts

take, with the higher wealth cohort reaching parity in almost half the time.

Again, without meaningful response of the matching rates, the integration

into employment is essentially the same across experiments.

Welfare of the natives also shows interesting results of the composition

experiment. Recall that in the baseline experiment the shock resulted in

welfare loss, particularly amongst unemployed natives. In the current exper-

iment the immigration shock causes wages to rise in the short term due to

additional availability of capital. In this modelling framework the unemploy-

ment benefit (i.e. home production) is a function of the prevailing wage, and

thus there is potential for unemployed workers to also benefit; especially when

the matching probabilities are not substantially affected by the increase in

unemployment. Figure 8 shows the conditional welfare response of the cohort

composition exercise. The conditional welfare response is very small in level

terms and clearly better for natives (both employed and unemployed) than

the baseline shock. In addition, for low asset levels, the shock is actually

welfare improving, even for unemployed natives.

This experiment implies that the composition of the immigrant cohort is

very important for the impact of the shock. The closer is the asset position

of the arriving workers to the capital intensity of the receiving economy the
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better. In fact, when sufficiently close the shock can be welfare improving in

this framework. I conclude:

Finding 3: The immigrants wealth on hand can change the sign of

the impact. When the immigrant cohort has more wealth on hand at arrival,

the capital dilution effect can be reversed. In particular, when the savings

decision of immigrants on the period of arrival can produce sufficient capital

for the newly created jobs then the impact on factor prices is negligible or

even positive.

3.3 Slower matching rates

In this section I examine the impacts of an immigration shock on an economy

that creates employment matches more slowly. Recall that in the baseline

calibration steady state, the matching technology delivered a flow from the

pool of unemployed workers to employed status of 0.6. This resulted from a

calibration that targeted a labour market tightness of 1. Holding all other

exogenous calibration equal, I reduce χ , the co-efficient on the Cobb-Douglas

matching function to 0.5, and find the equilibrium. This yields the following

steady state values in Table 2.

Here one can see several of the endogenous calibration targets, such as

market tightness and the real return on capital, also change in response to

the matching technology alteration. The economy with a slower matching

technology has a higher equilibrium unemployment rate, a full 2% higher
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Table 2: Steady state calibration results: slow match economy

χ r u(%) v θ λw k̄ p d w

Baseline 0.6 0.01502 7.69 0.0769 1 0.6 66.54 11.87 0.06 1.819

Slow match 0.5 0.01497 9.69 0.0754 0.78 0.466 65.42 11.64 0.058 1.822

than in the Baseline and a less tight labour market. Though the exogenous

separation rate remains unchanged from earlier, unemployed spells are longer

as a result of the lower equilibrium matching rates (30 % longer than in the

Baseline experiment). As a result, workers face more risk in their employment

status. However, the lower equilibrium interest rate is associated with lower

average capital and a slightly higher wage.

Figure 9 shows the results of a 1% immigration shock on the Slow match-

ing economy in comparison to the same shock in the baseline calibration.

In general the impact of the same immigration shock on this new economy

is stronger and longer lasting. Because of the slower matching rate it takes

longer for the unemployment rate to return to its long-run level, and thus the

capital per job is below its long run level for a longer time. This translates

directly into the welfare cost of the shock, which is almost twice as large for

the average household in the slower match economy compared to the average

household living in the baseline economy. Clearly, an economy with relatively

high rates of job matching will accommodate the shock better. In addition,

it takes a much longer time for immigrants to assimilate to the wealth level

of natives as can be seen in Figure 10. In sum:

Finding 4: An economy with less efficient matching will experience

a stronger response to the immigration shock. Longer unemployment

spells are associated with slower wealth accumulation and thus it takes longer

for average capital to return to its long run level after the immigration shock.

In addition, immigrant assimilation will take much longer.

3.4 Multi-sector

As a major extension to the Baseline experiment, I expand the reference econ-

omy to include two segmented labour sectors as detailed in the generic model

description in Section 2. An additional characteristic of an immigration co-

hort is that they could have a skill mix that is different to that of natives.

23



t

5 10 15 20

∆
fr
o
m

S
S

0.999

1

1.001

1.002
Capital return

t

5 10 15 20

∆
fr
o
m

S
S

1

1.05

1.1

1.15
Unemployment

χ = 0.6
χ = 0.5

t

5 10 15 20

∆
fr
o
m

S
S

0.9999

0.9999

1
Job find rate

t

5 10 15 20
∆

fr
o
m

S
S

0.999

0.9995

1

1.0005
Wage

t

5 10 15 20

∆
fr
o
m

S
S

0.99

0.995

1
Average capital

t

5 10 15 20

∆
fr
o
m

S
S

0.998

1

1.002
Capital per job

Figure 9: Response of macro variables in slower matching economy
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Figure 10: Convergence of immigrant wealth
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In particular, immigrants may be over-represented in lower-skill sectors. To

assess the implications of an unbalanced immigration shock, I perform an

experiment where the immigration shock is concentrated in the lower skill

sector. In this situation the economy must transition to a new steady state

equilibrium where the population shares of the sectors are different than in

the original steady state equilibrium.

The two-sector economy maintains much of the calibration from the pre-

vious one-sector economy. However, I introduce a second equally-sized ’high-

skill’ sector, wherein workers have an effective labour supply ν = 1.1 times

greater than in the ’low-skill’ sector. Aside from this the two sectors have the

same parametrization. The existence of an additional sector alters the steady

state values of several endogenous variables, summarized in Table 3. In addi-

tion to the changes in aggregates, the distribution of households changes as

well. Now households have a bimodal distribution, where the median worker

in the low-skill sector holds far less wealth than his counterpart in the high-

skill sector (13 versus 154). What is also evident from the distribution of

wealth is that the workers in the high sector do the vast majority of saving

for the economy, as average savings in sector two is well above the capital

used per job in both sectors (72 and 79).

Table 3: Steady state calibration results: 2 sector economy

ν r u(%) v θ λw k̄ p d w

Baseline (1 sec.) 1 0.01502 7.69 0.0769 1 0.6 66.54 11.87 0.06 1.819

2 sector (agg.) · 0.01501 · · · 70.02 12.48 0.058 ·

low skill 1 · 7.69 0.0769 1 0.6 · · · 1.819

high skill 1.1 · 7.43 0.0848 1.14 0.623 · · · 2.001

The experiment in this economy is the same as in the baseline one-sector

economy. I introduce exactly the same shock in terms of size and compo-

sition: 1 % of total population with median wealth of 50; and all the new

workers arrive as unemployed in the low-skill sector. Figure 11 shows the

response of the major macroeconomic variables across the two sectors. The

high-skill sector is largely insulated from the impact on unemployment, but

unemployment does rise in response to a decrease in the job matching rates.

Because the capital stock is shared across the two sectors, the high-skill sec-
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Figure 11: Response of macro variables in the multi-sector economy

Note: The two sector series denotes impacts to the low-skill sector variables where applicable.

tor is faced with an increase in the cost of capital and a fall in the value of

a filled job. The relative response of the job finding rate and wages is the

same across sectors, linked by the price of capital. Included in the response

charts is a comparison to the baseline experiment. Here we can see that the

concentration of the immigration shock in the low-skill sector results in a

stronger and longer lasting response than the baseline experiment. It takes

nearly twice as long for the capital price to return to its long run level.

Figure 12 illustrates that, in contrast to the single sector experiments,

immigrants in the two sector scenario will reduce their savings in order to

assimilate. While in this scenario they arrive with less than average assets

for the economy as a whole, participating exclusively in the low-skill sector

has them facing the same incentives that lead the median low-skill native

to hold assets well below the two sector economy’s mean, as seen in Figure
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12. This tendency to reduce savings is counter-productive to an economy

transitioning to the new steady state, as average capital needs to rise in

order to accommodate the desired capital per job.

In terms of impact on welfare, households in the low-skill sector suffer

a larger welfare loss in comparison to those in the high-skill sector. It’s

also worth noting that the steady state conditions of this economy leave

households in the low sector close to the borrowing constraint at 0, while

the average savings of the high-skill sector are well-above the mean. The

unanticipated shock causes the low asset households to reduce their savings

position even further, as can be seen by the dip in the asset position of the

median native household in the low-skill sector. In addition, the welfare

loss is much larger than in the baseline experiment, owing to the stronger

and more prolonged response of wages and job matching when the shock is

concentrated in the low-skill sector. I conclude:

Finding 5: An immigration shock concentrated in the low-skill sec-

tor creates a larger impact than in a single sector economy. Capital

per job takes much longer to return to its long run level. It takes longer to

generate the average capital required as newly arrived immigrants are reduc-

ing their savings, rather than accumulating wealth in order to assimilate to

the low-skill natives’ median wealth.
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4 Conclusion

I have put forward a modelling framework to explore the implications of sig-

nificant unanticipated immigration shocks on the macroeconomy. Allowing

for both equilibrium unemployment and imperfect insurance markets makes

it possible to follow the evolution of labour market outcomes and inequality

in the wake of a cohort of new entrants into a given host economy. This frame-

work builds on the application of search and matching frictions to studying

the impact of immigration on labour market outcomes, by incorporating this

approach in a general equilibrium model with incomplete insurance markets.

I perform several counter-factual experiments, varying both the charac-

teristics of the cohort, as well as, the features of the receiving economy. The

main channel through which immigration impacts macroeconomic variables

is through dilution of the capital stock. In this framework firms look to im-

mediately take advantage of the new entrants by posting vacancies, however

it takes a while for the capital stock to catch up with the new jobs, and thus

capital used per job falls. This has implications for wages and thus household

welfare, both falling in the baseline experiment.

In the baseline experiment, where the immigration shock is 1% of the total

population and the new arrivals are relatively poor compared to natives, the

impact on wages and welfare is negative, but also very small. The alternative

experiments reveal that these impacts can vary greatly depending on the

details of the immigrant cohort. Doubling the size of the cohort results

in much larger impacts on factor prices, matching probabilities, and native

welfare. In addition, when changing the wealth position of the immigrant

cohort with respect to the capital intensity of the receiving economy, the

impact can even change signs. If immigrants arrive with enough wealth,

then wages and welfare can rise. The characteristics of the host country

also matter. In an economy with longer unemployment spells, the impacts

are larger and longer lasting. Finally, in a multi-sector exercise, I find that

the same shock concentrated in a low-skill sector yields much stronger and

longer lasting effects. In all cases, I find that it takes a very long time for

immigrants to assimilate to the native wealth distribution, but much more

so for the economy with longer unemployment spells.
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Moving forward

There is potential for further work. First, incorporating a budget constraint

for the fiscal authority, whereby unemployment insurance is financed through

taxation, can be an important channel through which immigration shocks

can impact the economy. How the additional load on unemployment bene-

fits is financed can also have interesting implications. Clearly, distortionary

income taxation could increase the negative welfare effects for natives, but

also increasing government borrowing could crowd out productive capital and

increase the capital dilution effect. Including a rich description of the public

sector is a priority for moving forward towards a richer framework. I also

anticipate that this could increase native welfare impacts.

Second, the current framework does not reproduce a realistic distribution

of wealth in the economy. Alternative calibrations that place a significant

proportion of households at or near the borrowing constraint may produce

significant changes in impact, particularly in regards to native welfare. Ar-

riving at a realistic distribution of agents can also include a description of

life-cycle dynamics, and address questions about the potential costs and ben-

efits of changing the demographics of the host nation, similar to that of the

analysis in Storesletten (2000). Many countries are facing deficits of working

age population, with rising stress on social security provisions. Depending

on the demographics of the immigration cohort, a labour supply shock in

working age population could have welfare effects for natives on fixed income

in retirement age.

Third, it is common in the immigration literature to assume some de-

gree of complementarity between high and low skill workers, which can ex-

plain the impact of immigration on the distribution of wages. For example,

Dustmann et al. (2012) find an overall neutral effect of immigration on na-

tive wages; however, underlying the average effect is a fall in the lower tail

wages and a small rise in the upper tail. The framework in this chapter does

not allow for this channel, and as such will tend to overestimate the negative

impacts on high skill workers in the multi-sector experiment. Moving forward

to a richer description of firm technology that can include accounting for skill

complementarity and even skill-biased technical change would have interest-

ing implications for inequality. In such a framework large immigration shocks
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can lead to shifts in the skill premium, which in turn will have implications

for inequality, native welfare, and the integration of new arrivals.

Fourth, empirical evidence shows that there are persistent gaps in out-

comes between immigrants and natives. Moving forward, I hope to explore

modifications to the framework, which can accommodate these observations,

including, for example, human capital acquisition and labour market partic-

ipation decisions. There is a large degree of cross country heterogeneity in

respect to the participation gap between natives and immigrants. In some

instances the participation rate of immigrants is higher than natives. Explain-

ing this in the context of this structural model would be a novel addition to

the literature, where the focus has been predominantly on wages. In terms

of wages, accounting for human capital and local experience can help explain

the wage gap between natives and immigrants in this framework. In other

frameworks where wage formation is the outcome of Nash bargaining, the

native-immigrant wage gap manifests from the relative outside options and

reservation wages between the two types as an alternative explanation. If new

arrivals lack human capital relevant to the new host nation, then, conditional

on age and ability, native workers who have accumulated human capital in

the local labour market would have a premium over the immigrants. This is

a competing theory on explaining wage gap that is popular in the literature.

Finally, as mentioned earlier, the current chapter examines the case of the

US, which is relatively frictionless in comparison to other advanced industrial

economies, which are subject to large immigration shocks, such as European

welfare states. If strong institutional frictions exist in the labour market, the

results could be much different than the US case. For example, a binding

wage floor would prevent the quick rise in vacancies witnessed in the exper-

iments in this chapter. The unemployment rate would remain higher, the

job finding rate lower, and unemployment duration would be longer under

such a regime. Employed natives would be protected against a fall in wages.

However, unemployed natives would face longer unemployment spells.
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5 Appendix

5.1 Definition of transition equilibrium

I define the decentralised transition equilibrium recursively: Given the ini-

tial capital stock, initial firm value, initial distribution of households, initial

matching probabilities, initial unemployment rate and initial population, k̄0,

p0, Φ0, λ
w
0 , u0, L0 respectively; a competitive equilibrium is a sequence of indi-

vidual functions for the household {Wt, Ut, ct, a
′
t}

t=∞
t=1 , production and vacancy

posting choices for the firm, {k̃t, Vt}
t=∞
t=1 , factor prices {rt, wt}

t=∞
t=1 , vacancy

postings {vt}
t=∞
t=1 , matching probabilities {λwt , λ

f
t }

t=∞
t=1 , firm dividends {dt}

t=∞
t=1 ,

unemployment rate {ut}
t=∞
t=1 , population level and measures {Lt,Φt}

t=∞
t=1 , and

transition functions {Υt}
t=∞
t=1 such that for all t:

1. Given factor prices, job finding rate, and initial conditions, employed

and unemployed households’ optimisation problems are solved by the

value functions W (a) and U(a) and the policy functions c(a, j) and

a′(a, j).

2. Given factor prices and market tightness, firms’ vacancy posting op-

timisation problem is solved by value function Vt = 0 (free entry of

firms).

3. Markets clear:

∫

atdΦt = (1 + rt − δ)k̄t + pt + dt (asset market)

c̄t + k̄t+1 = (1− δ) + F (k̃t)(1− ut)− ξvt + hut (goods market)

4. The factor prices satisfy:

rt = F ′(k̃t)

wt = γ(yt − rtk̃t)

where k̃t = k̄t/(1− ut)

5. Matching: λwt and λft are functions of vt and ut as detailed in Section

2.2.
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6. Aggregate law of motion:

Φt+1 = Υt(Φt)

where Υt is consistent with the separation rate σ, matching probability

λwt , and household decision rules at time t.

5.2 Solution algorithm for transition experiment

Step 1: Solve for initial steady and target steady state objects, including:

factor prices, labour market tightness and matching rates, equilibrium unem-

ployment rate, policy and value functions, etc.

Step 2: Guess on transition length, T , and interest rate path, {rt}.

Step 3: Guess {θt}, and working backwards from t = T − 1 combining with

rt gives us the following transition objects: individual job capital use, output

and wage:

k̃t = (
rt

α
)1/(α−1)

yt = k̃αt

wt = γ(yt − rtk̃t)

With these we can write the value of a filled job:

Jt = yt − rtk̃t − wt + qt(1− σ)Jt+1

where qt ≡ 1/(1 + rt+1 − δ). Note that since wage setting is independent

of agent characteristics and households have identical productivity when em-

ployed, Jt varies only with the price of capital.

Step 4: With these variable paths, we can check our free entry condition

at each t:

Vt = −ψ + qt[(1− λ
f
t )Jt+1]

If {Vt} is not 0, we update our guess on {θt}. If V is too low (i.e. negative) we
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decrease θ, otherwise we increase. Note that, while the stock of unemployed

adjusts over time according to endogenous transition probabilities, vacancies

are a jump variable which adjust instantaneously in order to satisfy the free-

entry condition: Vt = 0.

Step 5: With our guessed path for prices and transition probabilities, we

can solve the household problem and save value and policy functions along

the transition.

Step 6: Now working forwards from the steady state at period 0, we can

simulate the transition experiment with an unexpected increase in population

at period 1. Unemployment moves according to:

ut+1 = (1− λwt )ut + σEt +Mt

Et andMt are employment and immigration respectively. Equilibrium vacan-

cies are recovered by the tightness relationship: vt = θtut

Step 7: Now check excess demand in each period. Since households hold

two asset types, we have to subtract firm equity from total savings in order

to compare to firm demand for productive capital. Firm value is given by:

pt = qt(pt+1 + dt+1)

where the total dividend is equal to the period profit across all jobs less the

total expenditure on vacancy postings:

dt = (yt − rtk̃t − wt)Et − ψvt

From the household state variable portfolio composition expression,

at = (1 + rt − δ)(kt + xtpt)

in every period we can sum for each individual i, giving:
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∫

aidi = (1 + rt − δ)

[
∫

kidi + p

∫

xidi

]

and since equity shares, xi, sum to 1, total household capital holdings, k̄, are:

k̄t =
1

(1 + rt − δ)

∫

ai,tdi − pt

If this k̄t is different to the capital demanded by the firm for all filled jobs in

that period, k̃tEt, then adjust interest rate path guess accordingly.

Step 8: Return to Step 2 and repeat until convergence.
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a b s t r a c t

Fiscal multipliers appear to vary greatly over time and space. Based on VARs for a large
number of countries, we document a strong correlation between wealth inequality and
the magnitude of fiscal multipliers. In an attempt to account for this finding, we develop a
life-cycle, overlapping-generations economy with uninsurable labor market risk. We
calibrate our model to match key characteristics of a number of OECD economies,
including the distribution of wages and wealth, social security, taxes, and government
debt and study how a fiscal multiplier depends on various country characteristics. We find
that the fiscal multiplier is highly sensitive to the fraction of the population who face
binding credit constraints and also to the average wealth level in the economy. These
findings together help us generate a cross-country pattern of multipliers that is quite
similar to that in the data.

& 2015 Elsevier B.V. All rights reserved.

1. Introduction

After the 2008 financial crisis, the global economy went into a substantial economic slowdown. Many countries
responded by pursuing expansionary fiscal policies, in some cases financed by austerity measures due to debt buildup and a
lack of credit market access. Different policymakers and researchers appear to have had different expectations regarding the
effectiveness of the policies pursued, and the ensuing academic literature has actually broadened our views in this regard: it
has brought forth the notion that there is no such thing as a fiscal multiplier. Instead, the multiplier now appears to be
viewed as a function of country characteristics and the state of the economy, in addition to the type of fiscal instrument
used; e.g., Ilzetzki et al. (2013).

In parallel, growing wealth inequality has re-entered the public discourse, with particular interest raised by the projections
in Piketty (2014), suggesting that we may even be looking at further increases in inequality over the coming century. From our
perspective, however, there is significant variation in wealth inequality across countries and also how it has developed over the
last decades. Thus, the data offers interesting variation across time and space for assessing the effectiveness of fiscal policy.
Moreover, growing wealth inequality may have implications for the future effectiveness of this policy.
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In this paper we use modern, quantitative macroeconomic theory with heterogeneous consumers to ask whether dif-
ferences in the distribution of wealth across countries can generate differences in their respective aggregate responses to
fiscal policy. We focus on a classic fiscal-policy scenario: a one-period unexpected increase in government expenditures,
financed by a one-period increase in lump-sum taxation (see, e.g., Baxter and King, 1993). Fiscal multipliers are naturally
expected to depend on the fiscal instrument and we leave the response to alternative policies for future research.

We begin our analysis by some empirical documentation. In particular, we estimate relationship between the size of our
fiscal multipliers and wealth inequality using SVARs, based on the data and methodology in Ilzetzki et al. (2013), to which
we add measures of wealth inequality. Our estimates show that countries with relatively high inequality experience sig-
nificantly larger responses to increases in government spending.

On a more detailed level, our theoretical framework is a life-cycle, overlapping-generations (OLG) economy with
uninsurable labor market risk, i.e., a life-cycle extension of Aiyagari (1994). We calibrate the model to match data from a
number of OECD countries along dimensions such as the distribution of income and wealth, taxes, social security, and the
level of government debt. We then study the contributions from each of these country characteristics toward the correlation
between fiscal multipliers and wealth inequality.

We find that the size of our fiscal multiplier is highly sensitive to the fraction of liquidity-constrained individuals in the
economy and also depends importantly on the average wealth level in the economy. Agents who are liquidity-constrained have
a higher marginal propensity to consume goods and leisure and respond more strongly to fiscal shocks. Larger labor-supply
responses, in particular, lead to larger output responses. The marginal propensity to consume is also higher for relatively
wealth-poor agents, since they have a precautionary savings motive. Finally, relatively wealth-poor economies have a higher
interest rate and the net present value of an otherwise equally large fiscal shock today is larger when the interest rate is higher.
We should therefore expect fiscal multipliers to be high in countries with high inequality, a low savings rate and/or a high debt.

In a multi-country exercise, where we calibrate 15 OECD countries to country-specific data, we obtain raw correlations
between the fiscal multipliers generated by our model and the wealth Gini's and capital–output ratios that are 0.62 and
�0.68, respectively. The regression coefficients when the fiscal multiplier is regressed on the Gini or on K/Y are, moreover,
highly statistically significant. We find that an increase of one standard deviation in the wealth Gini coefficient for the
countries in our sample raises the multiplier by about 17% of the average multiplier value.

Changing the steady-state progressivity of the tax system, a mechanism which has received some attention in the lit-
erature on automatic stabilizers, has a limited impact on the fiscal multiplier. One reason is that the reduction in the fraction
of borrowing-constrained individuals then simultaneously delivers lower average asset holdings and a higher interest rate.
The decrease in the multiplier stemming from a reduction in the number of constrained agents is then counteracted by the
positive effect on the multiplier of lower average asset holdings and a higher interest rate. Lower wage inequality in the
form of less heterogeneity in permanent-ability component of wages also has a limited impact on the multiplier. Idio-
syncratic wage risk, on the other hand, is found to be of first-order importance.1

The remainder of the paper is structured as follows. We begin with a very brief discussion of some relevant literature in
Section 2. In Section 3 we then document an empirical relationship between wealth inequality and fiscal multipliers. Section
4 contains a description of our quantitative OLG economy with heterogeneous agents and a definition of our competitive
equilibrium. Section 5 then describes how we calibrate the model to a given country-specific data set. In Section 6 we take a
baseline calibration and, by varying some key parameters that are expected to differ across countries, isolate the effects of
these parameters—and hence of country characteristics—on the size of the fiscal multiplier. Section 7 presents the results
from a multi-country analysis of fiscal multipliers where we simply calibrate the primitive parameters for 15 countries and
compute all of their multipliers; this analysis thus allows a comparison between the artificial data for these countries and
their actual data. We conclude in Section 8. The appendix discusses data and some properties of our tax function.

2. Some relevant literature

Fiscal multipliers measure the effectiveness of fiscal policy in stimulating economic activity. Empirical evidence suggests
that government consumption and tax cuts have a positive impact on output.2 However, as mentioned previously, research
has progressed towards the notion that there is no such thing as a fiscal multiplier, but rather that the effect of a fiscal shock
on output is dependent on country characteristics, the state of the economy, and the type of fiscal instrument considered.
For example, Ilzetzki et al. (2013) argue that multipliers are (i) larger in developing countries than developed countries, (ii)
larger under fixed exchange rates but negligible otherwise, and (iii) larger in closed economies than in open economies. The
results in Auerbach and Gorodnichenko (2011) indicate that for a large sample of OECD countries the response of output is
large in recessions, but insignificant during normal times. Anderson et al. (2013) find that in the context of the U.S. economy,
individuals respond differently to unanticipated fiscal shocks depending on age, income level, and education. The behavior
of the wealthiest agents, in particular, is consistent with Ricardian equivalence but poor households show evidence of non-
Ricardian behavior.

1 Unfortunately, we do not have the data to make idiosyncratic risk a part of our cross-country analysis.
2 For a good survey of the various approaches for modeling and measuring the impacts of fiscal policy, see Caldara and Kamps (2008).
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In terms of theoretical work, Heathcote (2005) studies the effects of changes in the timing of income taxes and finds that
tax cuts can have large real effects and that the magnitude of the effect depends crucially on the degree of market
incompleteness. McKay and Reis (2013) study the effects of automatic stabilizers on volatility. In line with our findings, they
find that simply making taxes progressive has a limited effect on volatility. Tax-and-transfer programs aimed at reducing
inequality and increasing social insurance can, however, greatly enhance the effectiveness of stabilizers.

Relatedly, Ferriere and Navarro (2014) find that for the U.S., expansionary fiscal shocks occurred only during times when
they were financed by a temporary increase in the progressivity of the tax schedule, and they then go on to discuss what
kinds of models can generate this fact.3 Based on their model, they conclude that the distributional impacts of fiscal shocks
are key in terms of aggregate dynamics. This is also in line with our finding that agents at the bottom of the wealth and
income distributions respond more strongly to income shocks. A temporary increase in progressivity will lower the marginal
tax rate for agents at the bottom of the income distribution and raise it for agents at the top. If agents at the bottom of the
distribution change their behavior much more than do agents at the top, a progressivity shock will result in an increase in
output and consumption.

Our work is also closely related to Carroll et al. (2013) who study the impact of the wealth distribution on the marginal
propensity to consume. Carroll et al. (2013) also measure marginal propensities to consume for a large panel of European
countries, and then calibrate a model for each country using net wealth and liquid wealth. The authors find the same type of
relationship as we document for output multipliers below: the higher the proportion of financially constrained agents in an
economy, the higher the consumption multiplier.

Kaplan and Violante (2014) propose a model with two types of assets that provides a rationale for relatively wealthy
agents’ choice of being credit constrained. In a context of portfolio optimization with one high-return illiquid asset and one
low-return liquid asset, relatively wealthy individuals may end up credit constrained. Kaplan et al. (2014), using micro data
from several countries, then argue that the percentage of financially constrained agents can be well above what is typically
the outcome of models where very few agents have their wealth tied up in illiquid assets. Antunes and Ercolani (2015)
introduce endogenous borrowing constraints and find that the dynamics of borrowing limits explain a significant share of
aggregate dynamics. Finally, Krueger et al. (2015) conduct a case study of the recent U.S. recession in a business-cycle model
with infinite horizon. They find that the presence of wealth-poor individuals is important for the response of macro-
economic aggregates to the business-cycle shock.

3. Stylized facts

In this section we document an empirical relationship between wealth inequality and fiscal multipliers in the data. The
exercise we perform is similar to the one performed by Ilzetzki et al. (2013) to identify the impact of different factors on
fiscal multipliers across countries and time. We use their data; see Appendix A.2. Our metric for wealth inequality is the Gini
coefficient, which we take from Davies (2007). First we split the sample into two groups—countries with Gini coefficients
above and below the sample mean—and run SVARs for the two groups separately. We find that the group of countries with
above-average Ginis have a significantly higher (and thus, by assumption, common) fiscal multiplier. Next we repeat the
exercise for individual countries and find a statistically significant positive relationship between a country's estimated fiscal
multiplier and its Gini coefficient.

To measure the fiscal multiplier, generally defined as output's response to a change in a fiscal instrument, we follow the
approach of Ilzetzki et al. (2013), who in turn adopt the method of Blanchard and Perotti (2002) and model the relationship
between the variables as the system of equations in the following equation:

AYn;t ¼
XK
k ¼ 1

CkYn;t�kþun;t ; ð1Þ

where Yn;t is a vector of endogenous variables in country n during quarter t: Yn;t ¼ ðgn;t ; yn;t , CAn;t ; dREERn;tÞ0, where gn;t is the
government consumption, yn;t the output, CAn;t the ratio of the current account to GDP, and dREERn;t the change in the
natural logarithm of the real effective exchange rate. Ck is a matrix of lag specific own- and cross-effects of variables on their
current observations. Eq. (1) cannot be estimated directly, so we pre-multiply the system by A�1 and use a panel OLS
regression with fixed effects to obtain estimates of P ¼ A�1Ck; k¼ 1;…;K and en;t ¼ A�1un;t for both sub-samples. This
delivers

Yn;t ¼
XK
k ¼ 1

A�1CkYn;t�kþA�1un;t : ð2Þ

In order to be able to compute the impact on output due to an exogenous change in government consumption Δgn;t , we
need to solve the system en;t ¼ A�1un;t to identify the primitive innovations and infer a causal effect. To do so we need
further assumptions on A.

3 It should be noted that when we analyze the role of progressivity in our fiscal experiments we change the progressivity of the tax system in steady
state. This is different from the temporary change in progressivity studied by Ferriere and Navarro (2014).
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The assumption that Blanchard and Perotti (2002) use for identification of the causal effect of government consumption
on output is that government consumption is predetermined at the beginning of the year by the annual budget and thus
cannot react to changes in output within the same quarter. This assumption, together with further assumptions on the
ordering of the remaining variables (the current account follows output and the exchange rate variable follows the current
account), allows us to recover the primitive shocks to the system and compute impulse responses.

We find that, empirically, countries with high and low inequality have very different responses to shocks to government
consumption conditional on the level of wealth inequality, as can be observed in Fig. 1. The group of economies char-
acterized by high wealth inequality have a significant and positive response to an increase in government consumption up
to almost two years after the shock, while the group of low inequality countries do not exhibit a significant change.

In the next exercise we estimate the same model as in Eq. (1) but for a single country at a time. We drop the countries for
which there were not enough data points to estimate the system of equations from the sample. The Choleski factorization
that Ilzetzki et al. (2013) use to identify the causal effect of government consumption on output implies that for government
consumption to have its total effect on output in a year (directly and through the other variables in the system), it takes a
total of four quarters. We look at the cumulative multipliers for each country after four periods and take that as country
estimates of fiscal multipliers. The raw correlation between the estimated fiscal multipliers and the Gini coefficients is 0.412.
We then proceed to estimate the following cross-country model, regressing the estimated fiscal multiplier in country n, FMn,
on the Gini coefficient in country n, Ginin. In a separate regression, we also control for output per capita, outputn:

FMn ¼ αþβ1 Gininþβ2 outputnþεn: ð3Þ
As can be seen in Table 1, the regression coefficient on the Gini index is positive and statistically significant.4 This holds

even when controlling for output per capita, which suggests that the degree of industrialization is not the driving factor
behind the result.
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Fig. 1. Impulse responses of output to a 1% increase in government consumption (95% error bands in gray). Note: The figure shows that the average
response of output to an increase in government spending is stronger for countries with higher inequality than for countries with lower inequality. The
difference is statistically significant.

Table 1
OLS estimates for FMn ¼ αþβ1 Gininþβ2 outputnþεn (S.E.s in parenthesis).

α β1 β2 R2

�9.902 0.153 0.197
(3.993) (0.057)
�8.738 0.141 �0.018 0.205
(4.602) (0.062) (0.035)

Note: This table reports the coefficients from regressing our country point
estimates of the fiscal multiplier on the wealth Gini. The regression coef-
ficient is highly statistically significant also when controlling for GDP per
capita.

4 It should be emphasized that point estimates for the individual fiscal multipliers have very large variance, given the reduced number of observations
that are used for many of the countries. It is therefore even more surprising that we find such a strong and robust correlation between these point
estimates and the wealth GINIs.
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Next we plot the point estimates for the fiscal multipliers against the respective country's fiscal multiplier.5 The figure
also shows regression line from the first model in Table 1.

As expected, given the relatively small number of observations available per country on average, the multipliers vary
considerably and there is large uncertainty around point estimates. The vertical lines show parts of the 95% confidence
intervals for each point; if a line reaches the regression line its end point covers this line. Estimates that are unrealistically
high (low) are associated with higher variance and the confidence interval typically includes the predicted value from the
regression line. Regardless, the regression in Table 1 shows that the Gini coefficients alone explain about 20%, as measured
by R2, of the variation in our point estimates for fiscal multipliers.

In light of our findings in Sections 6 and 7—that the percentage of constrained households is a primary driver of the
differences between countries' multipliers—one may wonder if there is a strong correlation between the wealth held by the
poorest households and the wealth Gini. Since we do not have data on wealth deciles for all the countries in our VARs, we
use the sub-sample of countries for which we possess survey data. We find that for the countries in Table 10 the wealth held
by the bottom decile is significantly and negatively correlated with the Gini coefficients (ρ¼ �0:58, p-val¼0.02).

The above empirical findings motivate us to study the impact of wealth and income inequality on fiscal multipliers using
a structural model. We build and analyze this model in the following sections.

4. Model

In this section we describe the model we will use to study the response to fiscal stimulus in different countries. Our
model is a relatively standard life-cycle economy with heterogeneous agents and incomplete markets.

4.1. Technology

There is a representative firm which operates using a Cobb–Douglas production function:

YtðKt ; LtÞ ¼ Kα
t Lt½ �1�α; ð4Þ

where Kt is the capital input and Lt is the labor input measured in terms of efficiency units.
The evolution of capital is described by

Ktþ1 ¼ ð1�δÞKtþ It ; ð5Þ
where It is the gross investment and δ the capital depreciation rate. Each period, the firm hires labor and capital to maximize
its profits

Πt ¼ Yt�wtLt�ðrtþδÞKt : ð6Þ

0.6 0.65 0.7 0.75 0.8
−3

−2

−1

0

1

2

3

4

5

6

AUS

BEL

BWA

BRA

CAN

COL

CZE

ECU

EST

FIN

FRADEUISR

ITA

LVA

LTU

MYS
MEX

NLD
NOR

PER

POL

POR

SVK

SVN

ZAF

SWE

THA
TUR

GBR
USA

Fig. 2. Fiscal multipliers and wealth Ginis. Note: The vertical lines show parts of the 95% confidence intervals for each point; if a line reaches the regression
line its end point covers this line. There is a positive and statistically significant correlation between fiscal multipliers and wealth Ginis.

5 Given the large uncertainty around the point estimates we exclude extreme values (the minimum and maximum observations) from the regression
in Table 1 and Fig. 2. If we instead run weighted (by the amplitude of the 95% confidence interval) least squares, we still find a positive correlation though
only significant at the 10% level.
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In a competitive equilibrium, the factor prices will be equal to their marginal products:

wt ¼ ∂Yt=∂Lt ¼ 1�αð Þ Kt

Lt

� �α

ð7Þ

rt ¼ ∂Yt=∂Kt�δ¼ α
Lt
Kt

� �1�α

�δ: ð8Þ

4.2. Demographics

The economy is populated by J overlapping generations of finitely lived households. All households start life at age 20
and enter retirement at age 65. Let j denote the household's age. Retired households face an age-dependent probability of
dying, πðjÞ, and die for certain at age 100.6 A model period is 1 year, so there are a total of 40 model periods of active work
life. We assume that the size of the population is fixed (there is no population growth). We normalize the size of each new
cohort to 1. Using ωðjÞ ¼ 1�πðjÞ to denote the age-dependent survival probability, by the law of large numbers the mass of
retired agents of age jZ65 still alive at any given period is equal to Ωj ¼∏q ¼ J�1

q ¼ 65 ωðqÞ.
In addition to age differences, households are heterogeneous with respect to asset holdings, idiosyncratic productivity,

and their subjective discount factor, which for each household is constant over time but takes one out of the three values
βAfβ1; β2; β3g; the distribution of discount factors is uniformly distributed across agents in each cohort. Finally, they also
differ in terms of a permanent ability component, i.e., they have a starting level of productivity that is realized at birth. Every
period of active work-life they decide how many hours to work, n, how much to consume, c, and how much to save, k.
Retired households make no labor supply decisions but receive a social security payment, Ψt.

There are no annuity markets, so that a fraction of households leave unintended bequests which are redistributed in a
lump-sum manner between the households that are currently alive. We use Γ to denote the per-household bequest.

4.3. Labor income

The wage of an individual depends on the wage per efficiency unit of labor, w, and the number of efficiency units the
household is endowed with. The latter depends on the household's age, j, permanent ability, a�Nð0; σ2aÞ, and an idiosyn-
cratic productivity shock, u. The idiosyncratic shock follows an AR(1) process:

u0 ¼ ρuþϵ; ϵ�Nð0; σ2ϵ Þ: ð9Þ
Thus, the wage of an individual i is given by

wiðj; a;uÞ ¼weγ1 jþ γ2j
2 þ γ3 j

3 þaþu: ð10Þ
The age profile of wages is thus captured by γ1ι, γ2ι, and γ3ι.

4.4. Preferences

The momentary utility function of a household, Uðc;nÞ, depends on consumption and work hours, nAð0;1�, and takes the
following form:

U c;nð Þ ¼ c1�σ

1�σ
�χ

n1þη

1þη
: ð11Þ

4.5. Government

The government runs a balanced social security system where it taxes employees and the employer (the representative
firm) at rates τss and ~τss, respectively, and pays benefits, Ψt, to retirees. The government also taxes consumption and labor
and capital income to finance the expenditures on pure public consumption goods, Gt, which enter separably in the utility
function, interest payments on the national debt, rBt, and a lump-sum redistribution, gt. We assume that there is some
outstanding government debt and that government debt-to-output ratio, BY ¼ Bt=Yt , does not change over time. Con-
sumption and capital income are taxed at flat rates τc and τk, respectively. To model the non-linear labor income tax, we use
the functional form proposed in Benabou (2002) and recently used in Heathcote et al. (2012) and Holter et al. (2015):

τðyÞ ¼ 1�θ0y� θ1 ; ð12Þ
where y denotes pre-tax (labor) income and τðyÞ the average tax rate given a pre-tax income of y. The parameters θ0 and θ1

6 This means that J¼81.
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govern the level and the progressivity of the tax code, respectively.7 Heathcote et al. (2012) argue that this function fits the
U.S. data well.

In a steady state, the ratio of government revenues to output will remain constant. Gt, gt, and Ψt must also remain
proportional to output. Denoting the government's revenues from labor, capital, and consumption taxes by Rt and the
government's revenues from social security taxes by Rsst , the government budget constraint in steady state takes the fol-
lowing form:

g 45þ
X
jZ65

Ωj

0
@

1
A¼ R�G�rB; ð13Þ

Ψ
X
jZ65

Ωj

0
@

1
A¼ Rss: ð14Þ

4.6. Recursive formulation of the household's problem

At any given time a household is characterized by ðk; β; a;u; jÞ, where k is the household's savings, βAβ1; β2; β3, is the time
discount factor, a is the permanent ability, u is the idiosyncratic productivity shock, and j is the age of the household. We can
formulate the household's optimization problem over consumption, c, work hours, n, and future asset holdings, k0, recur-
sively as follows:

V k; β; a;u; jð Þ ¼max
c;k0 ;n

U c;nð ÞþβωðjÞEu0 Vðk0; β; a;u; jþ1Þ� �� �
s:t:

c 1þτcð Þþk0 ¼ ðkþΓÞ 1þrð1�τkÞð ÞþgþYL if jo65
ðkþΓÞ 1þrð1�τkÞð ÞþgþΨ if jZ65

(

YL ¼ nw j; a;uð Þ
1þ ~τss

1�τss�τl
nw j; a;uð Þ
1þ ~τss

� �� �
nA ½0;1�; k0Z�b; c40; n¼ 0 if jZ65: ð15Þ

Here, YL is the household's labor income after social security taxes and labor income taxes. τss and ~τss are the social-
security contributions paid by the employee and by the employer, respectively.

4.7. Stationary recursive competitive equilibrium

Let Φðk; β; a;u; jÞ be the measure of households with the characteristics ðk; β; a;u; jÞ. We now define a stationary recursive
competitive equilibrium as follows:

Definition.

1. The value function Vðk; β; a;u; jÞ and policy functions, cðk; β; a;u; jÞ, k0ðk; β; a;u; jÞ, and nðk; β; a;u; jÞ, solve the consumers'
optimization problem as stated above.

2. There is full use of resources:

KþB¼
Z

k dΦ

L¼
Z

nðk; β; a;u; jÞð Þ dΦ

Z
c dΦþδKþG¼ KαL1�α:

3. The factor prices satisfy

w¼ 1�αð Þ K
L

� �α

r¼ α
K
L

� �α�1

�δ:

7 A further discussion of the properties of this tax function is provided in the appendix.
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4. The government budget is balanced:

g
Z

dΦþGþrB¼
Z

τkrðkþΓÞþτccþnτl
nwða;u; jÞ
1þ ~τss

� �� �
dΦ:

5. The social security system is balanced:

Ψ

Z
jZ65

dΦ¼ ~τssþτss
1þ ~τ ss

Z
jo65

nw dΦ
� �

:

6. The assets of the just deceased are uniformly distributed:

Γ

Z
ωðjÞ dΦ¼

Z
1�ωðjÞð Þk dΦ:

4.8. Fiscal experiment and transition

The fiscal experiment that we analyze in the next section is a one-time increase in (wasteful) government consumption
ΔG, financed by non-distortionary taxation Δg. This is the classical experiment which most of the literature on fiscal
multipliers relates to. We carry out the experiment as an “M.I.T. shock”, i.e., as an unexpected, never-again-to-occur
departure from an initial steady state. The equilibrium definition follows straightforwardly as an extension of the definition
of a steady state, but of course with some important changes. The exogenous drivers are the one-time change to government
consumption, G, described above.8 Government debt is assumed to be unchanged and constant, so g adjusts to balance the
government budget. As a result of the transition, a number of variables will be changing over time. We assume that the tax
rates ðτl; τc; τk; τss; ~τssÞ are constant throughout, which implies that, for the social security system to balance, Ψ must vary over
time. Wages and rental rates will of course also vary over time as a result of changes in savings and labor supply. The
inheritance transfer Γ will also have to vary over time, as will, of course, the distribution function Φ.

For the sake of brevity, the equilibrium definition will not be stated here but the key change is that the dynamic-
programming problem of households needs another state variable: time, t, capturing all the changes in policy and price
variables relevant in this maximization problem. The numerical solution of the model necessitates guessing on paths for all
the variables that will depend on time and then solving this maximization problem backward, after which the guess is
updated; the method is similar to that used in Krusell and Smith (1999).

5. Calibration

We calibrate our benchmark model to the U.S. economy. The calibration of parameters for other countries is conducted in
a similar fashion and is described in the Appendix. However, some parameters are held constant across countries: two
preference parameters (σ and η), two technology parameters (δ and α), and two parameters of the wage process (ρ and σϵ).
Their values are listed in Table 13.

As for the method of calibration, a number of parameters are set directly (i.e., without solving the full model) to match
their empirical counterparts whereas we choose other parameters so that the model implications are in line with data. For
this, we use the simulated method of moments (SMM).

5.1. Wages

To estimate the life cycle profile of wages (see Eq. (10)), we use data from the Luxembourg Income and Wealth Study and
run the below regression for each country:

lnðwiÞ ¼ lnðwÞþγ1jþγ2j
2þγ3j

3þεi; ð16Þ

where j is the age of individual i. Because we lack panel data for most of our countries we use the PSID to back out the
variables governing the idiosyncratic wage shocks and assume that the shocks to wages are the same across countries.9 We
run the wage regression in (16) and obtain residuals, εit, which we use to estimate ρ and σϵ. Finally, the variance of per-
manent ability, σa, is among the parameters we calibrate by solving the model and then matching the model output to data.
The corresponding data moment is the variance of lnðwiÞ.

8 We make the assumption that G changes discretely for one period and then returns to the same relation to GDP as in steady state. This implies that
there is an externality via the government budget, as the government maintains its G in constant proportion to output (which of course is endogenous),
after the first period.

9 Keane and Wolpin (1997) find that most of the variation in wages is due to events before an individual enters the labor market. If this is true across
economies, most of the cross-country differences in income inequality will be captured by the variance of permanent ability, σa.
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5.2. Preferences

We set σ to 1.2. There is considerable debate about the Frisch elasticity of labor supply, η, in the literature. We set it to 1,
which is similar to that used in a number of recent studies; see, e.g., Trabandt and Uhlig (2011) and Guner et al. (2014). The
parameter χ, governing the disutility of working an additional hour, and the discount factors, β1, β2, β3, are calibrated so that
the model output matches the data: the corresponding data moments are average yearly hours, taken from the OECD
Economic Outlook, and the ratio of capital to output, K/Y, taken from the Penn World Table 8.0.

5.3. Taxes and social security

As described in Appendix A.1 we apply the labor income tax function in Eq. (12), proposed by Benabou (2002). We use U.
S. labor income tax data provided by the OECD to estimate the parameters θ0 and θ1 for different family types. To obtain a
tax function for the single individual households in our model, we take a weighted average of θ0 and θ1, where the weights
are each family type's share of the population.10 Table 11 in the Appendix summarizes our findings for different countries.

We assume that the social-security contributions for the employee, τSS, and the employer, ~τSS, are flat taxes. We use the
rate from the bracket covering most incomes, 7.65%, for both τSS and ~τSS. We follow Trabandt and Uhlig (2011) and set
τk ¼ 36% and τc ¼ 5%.

5.4. Parameters calibrated using SMM

We use simulated method of moments to calibrate the parameters which do not have any direct empirical counterparts.
We choose β1; β2, β3, b, χ and σa in order to minimize the loss function below:

Lðβ1; β2; β3;b; χ; σaÞ ¼ JMm�Md J ; ð17Þ

with Mm and Md referring to moments in the model and moments in the data, respectively. We have six instruments and, in
order to have an exactly identified system, we target six moments in the data: the three wealth quartiles, the variance of log
wages, average fraction of hours worked and the capital output ratio. Table 3 summarizes the calibrated parameters and
Table 2 displays the moments and their value in the data and the model. We fit all the targeted data moments with less than
2% error margin.

6. Inspecting the mechanisms

In our model environment, output is supply-determined and most of the short-run effects come from the response of
labor supply to the fiscal shock. The rise in government consumption and the corresponding increase in lump-sum taxation

Table 2
Calibration fit.

Data moment Description Source Data value Model value

K/Y Capital–output ratio PWT 3.074 3.075
VarðlnwÞ Variance of log wages LIS 0.509 0.509
n Fraction of hours worked OECD 0.248 0.248
Q25;Q50 ;Q75 Wealth quartiles LWS �0.014, �0.004, 0.120 �0.011, �0.002, 0.122

Note: The table displays the value of the targeted calibration targets for the U.S. benchmark economy in the model and in the data.

Table 3
Parameters calibrated using SMM.

Parameter Value Description

Preferences
β1 ; β2 ; β3 0.953, 1.002, 0.961 Discount factors
χ 13.3 Disutility of work
Technology
b 0.142 Borrowing limit
σa 0.667 Variance of ability

Note: The table displays the values of the parameters calibrated by SMM for the U.S. benchmark economy.

10 We use U.S. family weights for all countries as we lack detailed demographic data for most countries.
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will lead to an increase in labor supply. The increase is particularly strong for credit-constrained agents, and the larger the
fraction of such agents in the economy, the stronger the labor-supply response and the impact on output will be.

In terms of consumption and welfare, the increase in lump-sum taxation makes low-income agents more at risk of
hitting the constraint after a negative income shock and induces a rise in precautionary savings and a reduction in con-
sumption. The welfare consequences are negative. In our U.S. benchmark economy, the average consumer in a steady state
would be willing to pay 0.11% of benchmark GDP every year to avoid the 1-period unexpected increase in lump-sum
taxation by an amount equal to 2% of benchmark GDP, which we simulate in our fiscal experiment. The decrease in welfare is
larger for wealth-poor individuals. Looking at the welfare of 40-year-old individuals by wealth quartile, quartiles 1, 2, 3 and
4 would be willing to pay 0.27%, 0.03%, 0.07%, and 0.045%, respectively, of benchmark GDP every period of their life to avoid
the fiscal shock. The reason for the non-monotonic relationship among the wealthiest quartiles is the mix of individuals
with respect to discount factor, permanent ability and the idiosyncratic productivity shock. It is, however, clear that the
poorest individuals are willing to pay the most to avoid the shock.

As discussed above, the finding of an empirical relationship between fiscal multipliers and wealth heterogeneity need
not imply causation. Countries with low wealth inequality are also characterized by a number of other features such as
higher and more progressive taxes, more generous social security systems, and lower returns to labor market experience.
These features may all contribute to dampening the fiscal multiplier.

We begin this section by presenting the results of our first fiscal experiment for the U.S. and Italy, two countries that are
at opposite ends of our wealth Gini ranking—0.796 in the U.S. and 0.59 in Italy—but also have very different fiscal policies
and institutions. Indeed we find, as our theory suggests, that the fiscal multiplier is much larger in the United States. The rest
of the section is devoted to studying the effects of the wealth level, binding borrowing constraints, the tax level, tax pro-
gressivity, and the age profile of wages. The latter three factors also affect wealth accumulation, so it is not possible to
completely isolate the effect of each factor. Nonetheless, our results indicate that the level and distribution of capital are the
most promising drivers of fiscal multipliers across countries.

Wealthy economies with little inequality will have fewer credit-constrained individuals and fewer individuals with
strong precautionary-savings motives. This lowers the average marginal propensity to consume, reduces the elasticity of
labor supply, and reduces the fiscal multiplier. Wealthy economies also have a lower real interest rate (if capital markets are
imperfect), which reduces the relative value of a fiscal shock today in the agents' life-time budget constraint and leads to a
lower multiplier. An isolated change to a country's steady-state tax policy does not have a large impact on fiscal multipliers.
This suggests that other more fundamental factors affecting the wealth distribution, such as technology or impatience, are
driving the size of the fiscal multiplier, through their impact on the fraction of the population which is credit-constrained,
on precautionary saving, and on the real interest rate.

6.1. Example: fiscal multipliers in the U.S. and Italy

We calibrate our model to match key characteristics of the U.S. (the benchmark) and Italian economies, as described in
Section 5. We then perform the classical fiscal experiment in the literature: an increase in wasteful government con-
sumption, ΔG1, financed by a reduction in government transfers, Δg1. As can be seen from Fig. 3, the response of the
macroeconomic aggregates is much larger in the case of the model calibrated to the U.S. economy. In terms of the impact
output fiscal multiplier, the difference is 0.119 vs. 0.059, an increase of about 100%. Although our multipliers are somewhat
small in absolute size if compared to results from the empirical literature, the relative size difference is large and in line with
stylized facts from the real business cycle literature.

Of course, Italy and the U.S. differ along many dimensions that can make multipliers different. In our model repre-
sentations of the two economies, they have different life cycle profiles of wages, levels and progressivities of taxation,

Fig. 3. The Impact of a ΔG1 ¼ 2% increase in government consumption financed by Δg1. Note: The figure displays the response of labor supply, con-
sumption, and output to a 2% increase in government spending for Italy and the U.S. The economy with higher inequality, i.e., the U.S., responds more to the
fiscal shock.
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average hours worked, debt-to-GDP ratios, to mention some. Fig. 4 provides a breakdown of the drivers of the difference in
the fiscal multipliers between the U.S. and Italy. Thus, in the table we change the parameters that differ in the calibration of
the two countries one by one. As the figure shows, the main drivers of the difference are the time discount factors. One may
ask whether it is impatience itself, and not wealth, that drives the difference in multipliers. We show below that if we only
make people wealthier or change other factors affecting savings and the fraction of borrowing-constrained individuals, in
particular idiosyncratic risk, and keep the discount factors constant, we still see significant changes in the multipliers.

6.2. The impact of capital

To isolate the impact of wealth and keeping all other parameters constant, we change the starting asset level, k0, of
agents in our economy (in the benchmark economy all agents start with 0 assets). Table 4 displays the results from this
experiment. When agents become wealthier, the fiscal multiplier falls. There are, however, three different channels through
which increased wealth may affect the fiscal multiplier. First, the fraction of liquidity-constrained individuals, who have the
highest marginal propensity to consume, falls. Second, the precautionary-savings motive of relatively poor non-constrained
individuals falls. Third, the real interest rate falls, reducing the value of a fiscal shock today. Below we try to study each of
these effects in isolation.

6.3. The impact of liquidity constraints

We now investigate in greater detail the relationship between the percentage of agents constrained in the economy and
the size of the government consumption multiplier. During the experiment we keep the K/Y ratio constant.

We start with our benchmark economy, the model calibrated to the U.S., matching the wealth distribution we observe in
the data. We then hold the borrowing constraint constant and multiply β1 and β2 by a constant ξ. We no longer aim at
matching the U.S. wealth distribution but instead make the fraction of the population which is liquidity-constrained, λ, a
calibration target. We change ξ, β3, χ, and σα to maintain our targets on the fraction of hours worked, the capital–output
ratio, and the variance of log wages in addition to λ. In Fig. 5, we plot the fiscal multiplier as a function of the percent of
borrowing-constrained individuals, λ.

Fig. 4. Decomposing the difference in fiscal multipliers between the U.S. and Italy. Note: The vertical line at zero represents the benchmark model, i.e., the
model calibrated to the U.S. economy. The horizontal bars display the change in the multiplier obtained when replacing the parameters of the benchmark
model with their counterparts, calibrated to the Italian economy. The impact of the parameters governing the wealth distribution quantitatively dominates
the impact of other parameters.

Table 4
The effect of a wealthier population.

k0—Initial capital �0.14 0.00 1.00 2.00 3.00

Impact multiplier 0.124 0.119 0.107 0.101 0.097
% Borrowing constrained 16.24 13.03 11.67 11.42 11.40
K/Y 3.06 3.07 3.18 3.29 3.41
r (%) 4.78 4.73 4.38 4.03 3.69

Note: The table shows how the impact multiplier, the fraction of liquidity-constrained agents, the K/Y ratio, and the interest rate vary when we change the
starting level of assets of the agents in our economy. The fiscal multiplier is decreasing in the initial asset level.
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In the context of our calibrated model, the magnitude of the impact multiplier is very sensitive to the proportion of
agents constrained. For instance, the benchmark multiplier is 0.11 when 10% of agents are constrained. When 50% are
constrained, the multiplier increases to 0.29.

6.4. The impact of wealth level (K/Y) in general and partial equilibrium

To study the impact of the average level of wealth, we conduct an experiment where we keep the fraction of liquidity-
constrained individuals in the economy constant at its benchmark level (13.6%) but alter the K/Y ratio. We do this by
multiplying the discount factors by a constant and adjusting the borrowing limit. Fig. 6 displays the results.
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Fig. 5. Impact multipliers and the fraction of liquidity-constrained agents. Note: The graph displays the fiscal multipliers for alternative calibrations of the
benchmark model, with different fractions of liquidity-constrained individuals. All calibration targets, with the exception of the wealth distribution are still
met in these calibrations. As can be seen, there is a strong relationship between the proportion of credit constrained agents and the multiplier.
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Fig. 6. The Impact of K/Y on the fiscal multiplier for varying and fixed interest rates. Note: The graph displays the fiscal multipliers for alternative cali-
brations of the benchmark model, with different K/Y ratios. The proportion of credit-constrained agents is kept constant at the benchmark level while all
calibration targets, with the exception of the wealth distribution, are still met. In the left panel, the interest rate is allowed to vary as K/Y varies, whereas in
the right panel it is kept constant at the benchmark level (partial equilibrium). In both cases there is a negative relationship between the capital–output
ratio and the fiscal multiplier. The fiscal multiplier does, however, decrease more sharply in K/Y when the interest rate is allowed to vary.
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As can be seen from the figure, a higher K/Y ratio is associated with a lower fiscal multiplier—holding the fraction of
borrowing-constrained agents constant. This holds both in partial equilibrium, when we keep the interest rate fixed at 4.9%,
and in general equilibrium. The precautionary-savings motive is a natural explanation for why wealth matters. The impact of
changing K/Y is, however, significantly larger in general equilibrium, indicating that the interest rate itself may play a role.
The life-time value of a transfer, g, is larger when the interest rate is higher.

6.5. The impact of wage heterogeneity

To study the impact of the wage distribution on the impact multiplier we shut down the three different types of wage
heterogeneity that we have in the model: age profiles, permanent ability types, and idiosyncratic shocks, one by one. When
we shut down the different types of heterogeneity, we also adjust γ0 by a constant to keep average productivity unchanged.
Table 5 displays the results from this exercise.

The one type of wage heterogeneity which seems to have a potentially large effect on the multiplier and on the fraction
of liquidity-constrained individuals is that coming from idiosyncratic productivity shocks.11 Shutting down the shocks
eliminates any precautionary-savings motive and many individuals with βð1þrÞo1 will want a downward-sloping con-
sumption profile and borrow until they hit the borrowing limit. In the economy without idiosyncratic shocks 39.6% of agents
are liquidity-constrained and the impact multiplier is 0.223 or about 87% greater than in the benchmark economy.

Shutting down the variance in permanent abilities greatly reduces wage inequality in our economy. However, the effect
on the fraction of liquidity-constrained agents is relatively modest; it falls from 13.0% to 10.3%. The impact multiplier
actually rises slightly. One reason for this is that we observe a small fall in savings and the impact multiplier tends to be
decreasing in K/Y. However, more importantly, when we reduce inequality with a progressive tax system, the average tax
rate falls and the steady-state lump-sum distribution, g, falls.12 The relative increase in the lump-sum payment is therefore
larger when wage inequality is smaller. This leads to a greater multiplier.

Shutting down the age profile of wages has little effect on the number credit-constrained households. However there is a
drop in the multiplier because average savings increase and the real interest rate falls.

6.6. The impact of labor income taxation

Our functional form for the labor income tax schedule allows us to easily change the level of taxes without changing tax
progressivity and to change tax progressivity while keeping the level of taxes constant. Our measure of progressivity is the
“progressivity wedge”, PW, below (τðyÞ is the average tax rate):

PW y1; y2
� �¼ 1�1�τðy2Þ

1�τðy1Þ
: ð18Þ

Table 5
The impact of wage heterogeneity on the impact multiplier and the % of liquidity-constrained agents.

Impact multiplier % Liquidity constrained K/Y σu40 σa40 Wages Increasing in Age

0.119 13.04 3.08 X X X
0.223 39.56 3.01 X X
0.121 10.25 3.07 X X
0.107 12.92 3.29 X X

Note: The table shows how the impact multiplier, the fraction of liquidity-constrained agents, and the K/Y ratio changes as we shut down different sources
of wage heterogeneity.

Table 6
The impact of the tax level on the impact multiplier and the % of liquidity-constrained agents.

τðyÞ—Tax level 0.214 0.180 0.144 0.110 0.075

Impact multiplier 0.121 0.120 0.119 0.118 0.117
% Liquidity constrained 13.95 13.51 13.06 12.69 12.29
K/Y 3.004 3.039 3.075 3.111 3.148

Note: The table shows how the impact multiplier, the fraction of liquidity-constrained agents, and the K/Y ratio changes when we vary the average tax rate.
The impact multiplier is increasing in the average tax rate.

11 Unfortunately we do not have cross-country data on idiosyncratic wage shocks and therefore cannot evaluate the importance of this channel for
international variation in fiscal multipliers.

12 With progressive taxes, taxes paid is a convex function of income and, by Jensen's inequality, the average tax rate falls when we reduce inequality.
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This measure always takes a value between 0 and 1 and increases with the increase in the average tax rate, τ, as earnings
increase from y1 to y2. If there is a flat tax, then the progressivity wedge would be zero for all levels of y1 and y2. Analogous
progressivity measures are used by Caucutt et al. (2003), Guvenen et al. (2014), and Holter (2015) among others. With our
tax function, PWðy1; y2Þ is uniquely determined by the parameter θ1; see Appendix A.1.

We begin by examining the effect of the average tax level on the impact multiplier, see Table 6. As we increase the
average tax rate from 7.5% to 21.1%, the impact multiplier increases from 0.117 to 0.121. As the tax level goes up, the economy
becomes poorer, the capital-to-output ratio, K/Y, falls, the real interest rate increases, and the wage rate falls. Even if the
lump-sum redistribution from the government increases, more people are borrowing-constrained. The overall effect on the
impact multiplier is, however, relatively modest for a large tax change and it seems unlikely that labor-income tax levels are
a key driver of the cross-country variation in fiscal multipliers.

In Table 7 we keep the average tax rate at its benchmark value but vary the parameter governing tax progressivity, θ1. As
can be seen from the table, a more progressive tax system reduces the number of credit-constrained individuals in the
economy. The effect on the impact multiplier is, however, close to 0. More progressive taxes also reduce the average level of
wealth and the interest rate increases. This effect counteracts the effect of fewer credit-constrained individuals.

7. Fiscal multipliers across countries

In Section 3 we documented a cross-country correlation between wealth inequality and fiscal multipliers in the data, and
in the previous section we showed that differences in the distribution of wealth could produce different fiscal multipliers in
our model. In this section we use the model to conduct a cross-country analysis of the relationship between the distribution
of wealth and fiscal multipliers. We calibrated the model to data from 15 OECD countries (naturally selected by data
availability). We calibrate the model to match the country-specific distribution of wealth as well as to a number of other
characteristics such as earnings inequality, taxes, and work hours. Tables 10 and 11 in the Appendix summarize the country-
specific data as well as the country specific parameters that we calibrate outside of the model. Table 12 summarizes the
country-specific parameters that we estimate by using simulated method of moments. Some parameters, such as the

Table 7
The impact of tax progressivity on the impact multiplier and the % of liquidity-constrained agents.

θ2—Tax progressivity 0 0.069 0.137 0.206 0.274 0.343 0.411

Impact multiplier 0.1210 0.1197 0.1191 0.1194 0.1201 0.1208 0.1227
% Liquidity constrained 13.75 13.45 13.04 12.74 12.39 12.03 11.63
K/Y 3.13 3.10 3.08 3.05 3.03 3.01 2.99

Note: The table shows how the impact multiplier, the fraction of liquidity-constrained agents, and the K/Y ratio changes when we vary the degree of tax
progressivity while keeping the tax rate constant.
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Fig. 7. Impact multipliers and Gini coefficients (model). Note: The figure shows that after we calibrate our model to cross-country data, we obtain a strong
positive correlation between the impact multiplier and the wealth Gini.
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preference parameters governing risk aversion and the elasticity of labor supply, are, however, kept constant for all
countries. Table 13 summarizes these parameters. Among the calibration targets, the wealth distribution is of particular
interest. We are able to match the wealth data almost perfectly, as the correlation between the Gini coefficients generated
by our model and the ones that come from the data is 0.995; see Fig. 9.

In Fig. 7, we plot the simulated fiscal multipliers from our economies, calibrated to cross-country data, on the y-axis
against the country wealth Gini on the x-axis. As can be seen from the figure, the variation in country-specific calibration
targets generates substantial variation in the fiscal multipliers. The multipliers range from 0.05 for Finland to 0.142 for
Switzerland. However, what Fig. 7 also shows is that these differences in multipliers are highly correlated with the measure
of wealth heterogeneity used in our replication of Ilzetzki et al. (2013), namely, the Gini coefficient (ρ¼0.623, p-val¼0.012).

Next, we perform a simple linear regression of the impact multipliers on the Gini coefficients. Our estimates suggest that
a one standard deviation increase in the Gini coefficient (0.083) would lead to an increase of 0.015 in the size of the
multiplier, which corresponds to about 17% of the average multiplier (0.0871) value we find (Table 8).

To check if the results we found in the previous section—regarding the effect of the capital–output ratio and the pro-
portion of agents at the borrowing constraint on the fiscal multiplier—are also reproduced for our sample of countries, we
look at the cross-country correlations. The results are shown in Fig. 8. Across our calibrated economies, we can observe a
strong correlation between the impact multiplier and capital–output ratio (ρ¼�0.684, p-val¼0.005) and the proportion of
agents at the borrowing constraint (ρ¼0.667, p-val¼0.006).

These results are in line with our previous analysis in Section 6, where we establish that the capital–output ratio and the
proportion of agents at the borrowing constraint are two statistics that have a strong impact on fiscal multipliers through
their impact on the marginal propensity to consume (both statistics) and on the real interest rate (K/Y).

8. Conclusion

In this paper we develop a neoclassical macro model with heterogeneous agents, which we calibrate to country-specific
data. We show that in the model the size of fiscal multipliers is sharply increasing in the fraction of credit-constrained
agents and also decreasing in the capital-to-output ratio, K/Y. These findings are consistent with a positive correlation
between wealth inequality and fiscal multipliers, which we document both in the data and in a multi-country analysis
within our model.

Table 8
OLS estimates for IMn ¼ αþβ1 Gininþεn (S.E.s in parenthesis).

α β1

�0.034 0.178
(0.024) (0.048)

Note: The table displays the coefficients from regressing the
fiscal multipliers from our model calibrated to cross-country
data on the wealth Gini and a constant. The coefficient on the
Gini is highly statistically significant.
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So far our results focus only on studying the responses of macroeconomic aggregates in the context of a shock to
government consumption financed by non-distortionary taxation. However, fiscal multipliers will in general differ for
different fiscal instruments. In future research it would be interesting to explore the interplay of wealth inequality and fiscal
policy in the context of other fiscal shocks, for instance increases in government transfers financed by domestic or foreign
borrowing or a fiscal consolidation process. These fiscal instruments have been the subject of analysis in recent work by Oh
and Reis (2012) and Erceg and Lindé (2013).

The question of how the fiscal policy transmission mechanism works is still open and debated, and we do not claim that
this paper has the answer. In a new-keynesian framework, the increase in aggregate demand would usually also lead to a
decrease in markups and increase in productivity, resulting in a stronger response of output. Extending our analysis in that
direction would no doubt be useful.

In general, the effect of government spending will depend crucially on the size of the wealth effects that we document
relative to other demand side effects. As an example, labor supply increases more in response to fiscal shocks in countries
with more constrained agents in our setting. However, if government spending leads to an increase (rather than a decrease)
in household disposable income the relationship would be reversed: countries with a higher share of financially constrained
agents would observe a comparably smaller labor (and consequently output) response to the fiscal shock and the rela-
tionship between wealth inequality and fiscal multipliers would, ceteris paribus, also be reversed. Nonetheless, our SVAR
exercise shows that wealth inequality is associated with higher, rather than lower, fiscal multipliers.

Finally, the multipliers we produce, though in line with standard findings in neoclassical models, are small in comparison
to results from empirical exercises. As mentioned before, neoclassical DSGE models struggle to produce multipliers of the
size found in empirical exercises. It is not our aim to reconcile these two literatures but rather to focus on the relative size of
fiscal responses between countries. Our findings do suggest that wealth inequality is an important dimension to take into
account for fiscal policy makers as we document a 17% increase in the average output response to a fiscal shock for a one
standard deviation increase in the wealth Gini coefficient for the countries in our sample.

Acknowledgments

We thank the Editor, Gianluca Violante, for many helpful comments and suggestions and Thomas Philippon for an
excellent discussion of the first version of this paper. We also thank Ettore Panetti, Miguel Portela, Ricardo Reis and seminar
participants at the European University Institute, the University of Oslo, the Institute for International Economic Studies, the
University of Lausanne, the University of Porto, the University of Coimbra, the Catholic University of Porto, the University of
Minho, the Portuguese Fiscal Policy Council, the 2014 IEAWorld Congress (Jordan), the Carnegie-Rochester-NYU Conference
on Public Policy (April 2015), the 2015 NBER SI; Working Group on Macro Public Finance, the Society for Economic Dynamics
Meetings 2015, the 9th Meetings of the Portuguese Economic Journal 2015, NovaSBE and the Stockholm Applied Macro-
economics Workshop 2014. Hans A. Holter is grateful for financial support from Handelsbanken Research Foundations,
Browaldhstipend, the Research Council of Norway, Grant number 219616; the Oslo Fiscal Studies Program and the European
Research Council, ERC Advanced Grant IPCDP-324085. Pedro Brinca is grateful for financial support from the Portuguese
Science and Technology Foundation, Grant number SFRH/BPD/99758/2014.

Appendix A. Supplementary data

Supplementary data associated with this paper can be found in the online version at http://dx.doi.org/10.1016/j.jmoneco.
2015.09.005.

References

Aiyagari, R., 1994. Uninsured risk and aggregate saving. Q. J. Econ. 109 (3), 659–684.
Anderson, E., Inoue, A., Rossi, B., 2013. Heterogeneous Consumers and Fiscal Policy Shocks. CEPR.
Antunes, A., Ercolani, V., 2015. Debt-financed fiscal policies and the dynamics of the household borrowing constraint, mimeo.
Auerbach, A.J., Gorodnichenko, Y., 2011. Fiscal Multipliers in Recession and Expansion. Technical Report. National Bureau of Economic Research.
Baxter, M., King, R.G., 1993. Fiscal policy in general equilibrium. Am. Econ. Rev., 315–334.
Benabou, R., 2002. Tax and education policy in a heterogeneous agent economy: what levels of redistribution maximize growth and efficiency?. Econo-

metrica 70, 481–517.
Blanchard, O., Perotti, R., 2002. An empirical characterization of the dynamic effects of changes in government spending and taxes on output. Q. J. Econ. 117

(4), 1329–1368.
Caldara, D., Kamps, C., 2008. What are the effects of fiscal policy shocks?: a var-based comparative analysis. Technical Report. European Central Bank.
Carroll, C.D., Slacalek, J., Tokuoka, K., 2013. The Distribution of Wealth and the Marginal Propensity to Consume.
Caucutt, E.M., Imrohoroglu, S., Kumar, K.B., 2003. Growth and welfare analysis of tax progressivity in a heterogeneous-agent model. Rev. Econ. Dyn.,

546–577.
Davies, J.B., Sandström, S., Shorrocks, A., Wolff, E.N., 2007. Estimating the Level and Distribution of Global Household Wealth. Unu-wider Research Paper, Nr.

2007/77. Online: 〈http://www.wider.unu.edu/publications/workingpapers/research-papers/2007/en_GB/rp2007-77〉.

P. Brinca et al. / Journal of Monetary Economics 77 (2016) 53–6968



Erceg, C.J., Lindé, J., 2013. Fiscal consolidation in a currency union: spending cuts vs. tax hikes. J. Econ. Dyn. Control 37 (2), 422–445.
Ferriere, A., Navarro, G., 2014. The Heterogeneous Effects of Government Spending: It's All About Taxes.
Guner, N., Lopez-Daneri, M., Ventura, G., 2014. Heterogeneity and Government Revenues: Higher Taxes at the Top? Working Paper.
Guvenen, F., Kuruscu, B., Ozkan, S., 2014. Taxation of human capital and wage inequality: a cross-country analysis. Rev. Econ. Stud., 81 (2), 818–850.
Heathcote, J., 2005. Fiscal policy with heterogeneous agents and incomplete markets. Rev. Econ. Stud. 72 (1), 161–188.
Heathcote, J., Storesletten, S., Violante, G., 2012. Redistribution in a Partial Insurance Economy. Working Paper.
Holter, H., 2015. Accounting for cross-country differences in intergenerational earnings persistence: the impact of taxation and public education expen-

diture. Quant. Econ., 6, 385–428.
Holter, H., Krueger, D., Stepanchuk, S., 2015. How Does Tax Progressivity and Household Heterogeneity Affect Laffer Curves? Working Paper.
Ilzetzki, E., Mendoza, E.G., Vegh, C.A., 2013. How big (small?) are fiscal multipliers?. J. Monet. Econ. 60 (2), 239–254.
Kaplan, G., Violante, G.L., 2014. A model of the consumption response to fiscal stimulus payments. Econometrica 82 (4), 1199–11239.
Kaplan, G., Violante, G. L., Weidner, J., 2014. The Wealthy Hand-to-Mouth. Technical Report. National Bureau of Economic Research.
Keane, M.P., Wolpin, K.I., 1997. The career decisions of young men. J. Polit. Econ. 105 (3), 473–522.
Krueger, D., Mitman, K., Perri, F., 2015. Macroeconomics and heterogeneity, including inequality. In: Handbook of Macroeconomics, second edition, Elsevier,

forthcoming.
Krusell, P., Smith, A.A., 1999. On the welfare effects of eliminating business cycles. Rev. Econ. Dyn. 2 (1), 245–272.
McKay, A., Reis, R., 2013. The Role of Automatic Stabilizers in the U.S. Business Cycle. NBER Working Paper 19000, April.
Oh, H., Reis, R., 2012. Targeted transfers and the fiscal response to the great recession. J. Monet. Econ. 59, S50–S64.
Piketty, T., 2014. Capital in the 21st Century. Harvard University Press, Cambridge.
Trabandt, M., Uhlig, H., 2011. The Laffer curve revisited. J. Monet. Econ. 58 (4), 305–327.

P. Brinca et al. / Journal of Monetary Economics 77 (2016) 53–69 69





IV





Fiscal Consolidation Programs and Income
Inequality∗

Pedro Brinca ‡† Miguel H. Ferreira ‡ Francesco Franco ‡

Hans A. Holter § Laurence Malafry ¶

Abstract

Following the Great Recession, many European countries implemented fiscal
consolidation policies aimed at reducing government debt. Using three inde-
pendent data sources and three different empirical approaches, we document
a strong positive relationship between higher income inequality and stronger
recessive impacts of fiscal consolidation programs across time and place. To
explain this finding, we develop a life-cycle, overlapping generations economy
with uninsurable labor market risk. We calibrate our model to match key char-
acteristics of a number of European economies, including the distribution of
wages and wealth, social security, taxes and debt, and study the effects of fiscal
consolidation programs. We find that higher income risk induces precautionary
savings behavior, which decreases the proportion of credit-constrained agents in
the economy. Credit-constrained agents have less elastic labor supply responses
to fiscal consolidation achieved through either tax hikes or public spending
cuts, and this explains the relationship between income inequality and the
impact of fiscal consolidation programs. Our model produces a cross-country
correlation between inequality and the fiscal consolidation multipliers, which is
quite similar to that in the data.

∗We thank Anmol Bhandari, Michael Burda, Gauti Eggertsson, Mathias Hoffman, Loukas Karabarbounis,
Patrick Kehoe, Robert Kirkby, Dirk Krueger, Per Krusell, Ellen McGrattan, William Peterman, Ricardo
Reis, Victor Rios-Rull, Marcelo Santos, Chima Simpson-Bell and Kjetil Storesletten for helpful comments
and suggestions. We also thank seminar participants at Birbeck College, Humboldt U., IIES, New York
U., Stanford U., St. Louis Fed, U. of Bergen, U. of California-Irvine, U. of Minnesota, U. of Nevada-Reno,
U. of Oslo, U. of Pennsylvania, U. of Victoria-Wellington, U. of Zürich, and conference participants at
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1 Introduction

The 2008 financial crisis led several European economies to adopt counter-

cyclical fiscal policy, often financed by debt. Government deficits exceeded

10% in many countries, and this created an urgency for fiscal consolidation

policies as soon as times returned to normal. Many countries designed plans

to reduce their debt through austerity, tax increases, or more commonly a

combination of the two, see Blanchard and Leigh (2013), Alesina et al. (2015a).

The process of fiscal consolidation across European countries, however, raised

a number of important questions about the effects on the economy. Is

debt consolidation ultimately contractionary or expansionary? How large

are the effects and do they depend on the state of the economy? How

does the impact of consolidation through austerity differ from the impact of

consolidation through taxation? In this paper we contribute to this literature,

both empirically and theoretically, by presenting evidence on a dimension that

helps explaining the heterogeneous responses to fiscal consolidations observed

across countries: income inequality and in particular the role of uninsurable

income risk.1

We begin by documenting a strong positive empirical relationship between

higher income inequality and stronger recessive impacts of fiscal consolidation

programs across time and place. We do this by using data and methods from

three recent, state-of-the-art, empirical papers, which cover various countries

and time periods and make use of different empirical approaches: i) Blanchard

and Leigh (2013) ii) Alesina et al. (2015a) iii) Ilzetzki et al. (2013)2.

Next we study the effects of fiscal consolidation programs, financed through

both austerity and taxation, in a neoclassical macro model with heterogeneous

agents and incomplete markets. We show that such a model is well-suited to

explain the relationship between income inequality and the recessive effects

of fiscal consolidation programs. The mechanism we propose works through

idiosyncratic income risk. In economies with lower risk, there are more credit

1In this paper we focus on two main drivers of income inequality: permanent and transitory income shocks.
Recently there has been much attention paid to job polarization and job displacement by automation as a
source of increases in income inequality over time. However, given the cross-sectional nature of our study, we
abstract from such mechanism.

2While the first two papers study fiscal consolidation programs in Europe, Ilzetzki et al. (2013) study
government spending multipliers using a greater number of countries. We include this study for robustness
and completeness.
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constrained households and households with low wealth levels, due to less

precautionary saving. Importantly, these credit constrained households have

less elastic labor supply responses to increases in taxes and decreases in

government expenditures.

Our empirical analysis begins with a replication of the recent studies by

Blanchard and Leigh (2013) and Blanchard and Leigh (2014). These studies

find that the International Monetary Fund (IMF) underestimated the impacts

of fiscal consolidation across European countries, with stronger consolidation

causing larger GDP forecast errors. In Blanchard and Leigh (2014), the

authors find no other significant explanatory factors, such as pre-crisis debt

levels3 or budget deficits, banking conditions, or a country’s external position,

among others, can help explain the forecast errors. In Section 3.1 we reproduce

the exercise conducted by Blanchard and Leigh (2013), now augmented with

different metrics of income inequality. We find that during the 2010 and 2011

consolidation in Europe the forecast errors are larger for countries with higher

income inequality, implying that inequality amplified the recessive impacts of

fiscal consolidation. A one standard deviation increase in income inequality,

measured as Y10/Y90
4 leads the IMF to underestimate the fiscal multiplier in

a country by 66%.

For a second independent analysis, we use the Alesina et al. (2015a) fiscal

consolidation episodes dataset with data from 12 European countries over

the period 2007-2013. Alesina et al. (2015a) expands the exogenous fiscal

consolidation episodes dataset, known as IMF shocks, from Devries et al. (2011)

who use Romer and Romer (2010) narrative approach to identify exogenous

shifts in fiscal policy. Again we document the same strong amplifying effect

of inequality on the recessive impacts of fiscal consolidation. A one standard

deviation increase in inequality, measured as Y25/Y75, increases the fiscal

multiplier by 240%.

Our third empirical analysis replicates the paper by Ilzetzki et al. (2013).

These authors use time series data from 44 countries (both rich and poor) and

a SVAR approach to study the impacts of different country characteristics

on fiscal multipliers. We find that countries with higher income inequality

3In Section 8.1 we show that, in line with our proposed mechanism, household debt matters if an interaction
term between debt and the planned fiscal consolidation is included in the regression.

4Ratio of top 10% income share over bottom 10% income share.
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experience significantly stronger declines in output following decreases in

government consumption.

To explain these empirical findings, we develop an overlapping genera-

tions economy with heterogeneous agents, exogenous credit constraints and

uninsurable idiosyncratic risk. We calibrate the model to match data from a

number of European countries along dimensions such as the distribution of

income and wealth, taxes, social security and debt level. Then we study how

these economies respond to gradually reducing government debt, either by

cutting government spending or by increasing labor income taxes.

Output falls when debt reduction is financed through either a decrease

in government spending or increased labor income taxes. In both cases,

this is caused by a fall in labor supply. In the case of reduced government

spending, the transmission mechanism works through a future income effect.

As government debt is paid down, the capital stock and thus the marginal

product of labor (wages) rise, and thus expected lifetime income increases.

This will lead agents to enjoy more leisure and decrease their labor supply

today5, and output to fall in the short-run, despite the long run effects of

consolidation on output being positive. Credit constrained agents and agents

with low wealth levels do, however, have a lower marginal propensity to

consume goods and leisure out of future income (for constrained agents the

MPC to future income is zero6). Constrained agents do not consider changes

to their lifetime budget, only changes to their budget in the current time

period. Agents with low wealth levels are also less responsive to future income

changes because they will be constrained in several future states of the world.

Increases in expected future consumption and leisure levels will thus have a

smaller effect on their labor supply today.

In the case of consolidation through increased labor income taxes there

will also be a negative income effect on labor supply today, through higher

future wages and increased life-time income. For constrained agents, who do

not consider their life-time budget but only their budget today, the tax would

instead cause a drop in available income in the short-run, leading to a labor

5A recent paper by Cesarini et al. (2017) provide empirical evidence on how positive wealth shocks lead to
a fall in labor supply

6The fact that constrained agents also very slightly change their labor supply in our model simulations is
due to general equilibrium effects (price changes) today. Chetty (2008) provide evidence on how unemployment
duration is shorter for credit constrained agents.
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supply increase. However, the tax also induces a negative substitution effect

on wages today, both for constrained and unconstrained agents. It turns out

that all agents decrease their labor supply, but the response is weaker for

constrained and low-wealth agents.

When higher income inequality reflects higher uninsurable income risk,

there exists a negative relationship between income inequality and the number

of credit constrained agents. Greater risk leads to increased precautionary

savings behavior, thus decreasing the share of agents with liquidity constraints

and low wealth levels. Since unconstrained agents have more elastic labor

supply responses to the positive lifetime-income effect from consolidation,

labor supply and output will respond more strongly in economies with higher

inequality.

Through simulations in a benchmark economy, initially calibrated to

Germany, we show that varying the level of idiosyncratic income risk strongly

affects the fraction of credit constrained agents in the economy and the

fiscal multiplier, both for consolidation through taxation and austerity. If we

instead change inequality by changing the variance of initial conditions, prior

to entering the labor market (permanent ability and the age-profile of wages

in the model), there is very little effect on the fraction of credit constrained

agents or on the fiscal multiplier.

In a multi-country exercise, we calibrate our model to match a wide

range of data and country-specific policies from 13 European economies, and

find that our simulations reproduce the anticipated cross-country correlation

between income inequality and fiscal multipliers. Moreover, we show that in

our model, countries with higher idiosyncratic uninsurable labor income risk

have a smaller percentage of constrained agents and have larger multipliers,

confirming our analysis and mechanism for the benchmark model calibrated

to Germany.

We perform two empirical exercises to test the validity of the mechanism

described above. First, in our calibrated model, higher levels of household

debt are associated with a higher number of credit constrained households.

This implies that countries with higher levels of debt should have experienced

less recessive impacts of fiscal consolidation programs. We show that such

relationship exists in the data, by again performing a similar exercise to

4



Blanchard and Leigh (2013).

Second, the mechanism we propose implies that fiscal consolidations

lead to decreases in labor supply, and that these are amplified by income

inequality. We follow Alesina et al. (2015a) but now look at the impacts of

fiscal consolidation and income inequality on hours worked. We find, precisely

in line with our simulations, that fiscal consolidation programs have a negative

impact on hours worked and that this impact is amplified by increases in

income inequality.

In Section 9, we conduct a final validity test of the mechanism by using

our model. In the empirical analysis we make the case that the IMF forecasts

did not properly take income inequality into account. In this section we show

that using data from our model, obtained by simulating the observed fiscal

consolidation shocks in the data, we get similar results to Blanchard and

Leigh (2013) when we shut down all labor income risk in our model. The

difference between the output drop that our calibrated model predicts both

with and in the absence of risk (which is our proxy for the forecast error),

is explained by the size of the fiscal shock and its interaction with the same

income inequality metrics as in our replication of the Blanchard and Leigh

(2013) experiment (found in Section 3.1). The resulting pattern of regression

statistics are strikingly similar to Blanchard and Leigh (2013).

The remainder of the paper is organized as follows: We begin by discussing

some of the recent relevant literature in Section 2. In Section 3 we assess the

empirical relationship between income inequality and the fiscal multipliers

associated with consolidation programs. In Section 4 we describe the over-

lapping generations model, define the competitive equilibrium and explain

the fiscal consolidation experiments. Section 5 describes the calibration of

the model. In Section 6 we inspect the transmission mechanism, followed by

the cross-country analysis in Section 7. In Section 8 we empirically validate

the mechanism and in Section 9 we replicate the Blanchard and Leigh (2014)

exercise with model data. Section 10 concludes.
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2 Related Literature

There has been a surge in the literature studying the impacts of fiscal con-

solidation programs. Guajardo et al. (2014) focus on short-term effects of

fiscal consolidations on economic activity for a sample of OECD countries,

using the narrative approach as in Romer and Romer (2010), finding that a

1% fiscal consolidation shock causes GDP to to decline by 0.62%; Yang et al.

(2015) build a sample of fiscal adjustment episodes in OECD countries over

the period from 1970 to 2009 and find a somewhat smaller recessive impact:

a 1% fiscal consolidation shock leads to a 0.3% fall in output. Blanchard

and Leigh (2013) and Blanchard and Leigh (2014) find a negative effect of

fiscal consolidation programs on output and shows that this effect is underesti-

mated by the IMF. The conclusions in Alesina et al. (2015b) support previous

studies, emphasizing that tax-based consolidations produce deeper and longer

recessions than spending based ones. Pappa et al. (2015) study the impact

of fiscal consolidation episodes in an environment with corruption and tax

evasion, and find evidence that fiscal consolidation causes large output and

welfare losses. They find that much of the welfare loss is due to increases in

taxes, which creates the incentives to produce in the less productive shadow

sector. Dupaigne and Fève (2016) focus on how the persistence of government

spending can shape the short-run impacts on output through the response

of private investment. More persistent government spending leads to greater

fiscal multipliers.

The closest paper to ours is Brinca et al. (2016b), where the authors

show that the interaction between the distribution of wealth and the labor

supply response to a fiscal shock can be a determinant of the size of the fiscal

multiplier. They study a 1-period, balanced budget, government expenditure

expansion, financed by a lump-sum tax. Using a standard incomplete markets

model the authors show that observed cross-country differences in the wealth

distribution can lead to different shares of credit constrained agents7 and lead

to different multipliers. In this paper, we make two important contributions to

this framework: first, we focus on more empirically plausible fiscal policies that

7Data on credit constrained agents is not available and both the current paper and Brinca et al. (2016b)
have to vary the model parameters governing some measures of wealth or income inequality and observe
what this does to the fraction of credit constrained agents in the economy.
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have been at the center of the recent policy debate, namely debt consolidation

events; second we focus on another source of cross-country heterogeneity that

can also affect the share of credit constrained agents in a given economy,

namely income risk. It should be noted in this context that in the data the

cross-country correlation between income and wealth inequality is relatively

weak8. In the context of our model, higher income dispersion leads to fewer

credit constrained agents, due to precautionary savings behavior. Higher

wealth inequality, induced by heterogeneity in discount factors, in contrast

typically leads to more credit constrained agents.

Our paper is also more broadly related to the large literature studying

fiscal multipliers, i.e. the response of output to changes to fiscal policy,

and in particular the literature focusing on how these responses depends

on income and wealth inequality. Heathcote (2005) studies the effects of

changes in the timing of income taxes and finds that tax cuts can have large

real effects and that the magnitude of the effect depends crucially on the

degree of market incompleteness. Hagedorn et al. (2016), in a New Keynesian

model, present further evidence of the relevance of market incompleteness in

determining the size of fiscal multipliers. Ferriere and Navarro (2016) provide

empirical evidence showing that in the post-war U.S., fiscal expansions are

only expansionary when financed by increases in tax progressivity. Like in

Brinca et al. (2016b), Ferriere and Navarro (2016) can replicate this empirical

finding using a neoclassical framework.

Krueger et al. (2016) assess how wealth, income and preference hetero-

geneity across households amplifies aggregate shocks. Krueger et al. (2016)

conclude that, in an economy with the wealth distribution consistent with

the data, the drop in aggregate consumption in response to a negative aggre-

gate shock is 0.5 percentage points larger than in a representative household

model. This is conditional on the economy featuring a sufficiently large share

of agents with low wealth. Anderson et al. (2016) find that in the context

of the U.S. economy, individuals respond differently to unanticipated fiscal

shocks depending on age, income level, and education. The behavior of the

wealthiest agents, in particular, is consistent with Ricardian equivalence but

poor households show evidence of non-Ricardian behavior.

8For the 26 European countries used in Ilzetzki et al. (2013), we find that the correlation between the
wealth and income Gini is close to 0.
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Relatedly Carroll et al. (2014) measure marginal propensities to consume

for a large panel of European countries, and then calibrate a model for each

country using net wealth and liquid wealth. The authors find that the higher

the proportion of financially constrained agents in an economy, the higher the

consumption multiplier. Kaplan and Violante (2014) propose a model with

two types of assets that provides a rationale for relatively wealthy agents’

choice of being credit constrained. In a context of portfolio optimization

with one high-return illiquid asset and one low-return liquid asset, relatively

wealthy individuals may end up credit constrained. Kaplan et al. (2014), using

micro data from several countries, then argue that the percentage of financially

constrained agents can be well above what is typically the outcome of models

where very few agents have their wealth tied up in illiquid assets. Antunes

and Ercolani (2016) also highlight the relevance of borrowing constraints for

the dynamics of public debt.

3 Empirical Analysis

In this section we document a strong empirical relationship between income

inequality and the fiscal multiplier resulting from fiscal consolidation pro-

grams. We do this by replicating three recent empirical studies, which all

use independent data sources and different empirical approaches. The two

first studies, Blanchard and Leigh (2013) and Alesina et al. (2015a) study the

impact of recent fiscal consolidation programs in Europe. The third study,

Ilzetzki et al. (2013), has a slightly different focus as it looks at government

spending multipliers in a larger sample of countries, including developing

countries. We include it for completeness.

3.1 GDP Forecast Errors and Fiscal Consolidation Forecasts

Blanchard and Leigh (2013) propose a standard rational expectation model

specification to investigate the cross-country relation between growth forecast

errors and planned fiscal consolidation after the crisis. The approach con-

sists on regressing forecast errors for real GDP growth on forecasts of fiscal

consolidation made in the beginning of 2010. The specification proposed by

Blanchard and Leigh is the following
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∆Yi,t:t+1 − Ê{∆Yi,t:t+1|Ωt} = α + βÊ{Fi,t:t+1|t|Ωt}+ εi,t:t+1 (1)

where α is a constant, ∆Yi,t:t+1 is the cumulative year-to-year GDP growth

rate in economy i from period t to t+1 (years 2010 and 2011 respectively),

and the forecast error is measured as ∆Yi,t:t+1− Ê{∆Yi,t:t+1|Ωt}, with Ê being

the forecast conditioned on the information set Ω at time t. Ê{Fi,t:t+1|t|Ωt}
denotes the planned cumulative change in the general government structural

fiscal balance in percentage of potential GDP, and is used as a measure of

discretionary fiscal policy.

Under the null hypothesis that the IMF’s forecasts regarding the impacts

of fiscal consolidation were accurate, β should be zero. What Blanchard and

Leigh (2013) find is that β not only is statistically different from zero, but

negative and around 1. This means that the IMF severely underestimated the

recessive impacts of austerity, implying that for every additional percentage

point of fiscal consolidation, output was about 1 percent lower than what was

forecast. 9

Blanchard and Leigh (2013) then investigate what else could explain the

forecast errors. The authors test for initial level of financial stress, initial

level of external imbalances, trade-weighted forecasts of trading partners’

fiscal consolidation forecasts, the initial level of household debt10, the IMF’s

Early Warning exercise vulnerability ratings computed in early 2010 and other

variables. The results are robust and no control is significant. Two conclusions

are drawn from this. First, that none of the variables examined are correlated

with both the forecast error and planned fiscal consolidation and thus the

under-estimation of the recessive impacts of consolidation are not related with

these different dimensions. Second, since none are statistically significant,

none of these dimensions significantly affected the forecast errors of the IMF.

We expand Equation (1) to account for several different metrics of income

inequality11. Using the European Union Statistics on Income and Living

Conditions (EU-SILC) dataset, we construct various measures of income

9Blanchard and Leigh (2013) also investigates whether this result could have been driven by the fact that
planned fiscal consolidations were different from actual ones. The authors show that this was not the case, as
planned and actual consolidations have a correlation close to one.

10In Section 8 we show that household debt matters if interacted with the planned fiscal consolidation.
11The shares of income of top 25%, 20%, 10%, 5% and 2% over the share of the bottom 25%, 20%, 10%,

5% and 2% respectively and the income Gini coefficient

9



inequality for the same 26 European economies used by Blanchard and Leigh

(2013). 12

Moreover, to test whether inequality helps to explain the impact of fis-

cal consolidation, we include in the regression an interaction between the

planned fiscal consolidation and inequality. To provide better intuition, we

re-parametrize the specification and demean the inequality measures in the

interaction term. Therefore, we estimate the following equation

∆Yi,t:t+1 − Ê{∆Yi,t:t+1|Ωt} = α + βÊ{Fi,t:t+1|t|Ωt}+ γIi,t−1+

ι((Ê{Fi,t:t+1|t|Ωt})(Ii,t−1 − µI)) + εi,t:t+1 (2)

where Ii,t−1 is the inequality measure for country i and µ represents the mean

of I. We use lagged inequality to guarantee that it is not influenced by GDP

growth rate or by the fiscal consolidation measures. The results are presented

in Table 1. When the demeaned inequality measures are included the β

coefficients have a convenient interpretation as how much the effects of fiscal

consolidation were underestimated for a country with inequality equal to the

sample mean. The ι coefficients tell us by how much more (relative to the

β coefficients) the IMF underestimated the fiscal consolidation effects for a

country with inequality one percentage point above the sample mean.

First, relative to the benchmark case of Blanchard and Leigh (2013), we see

that even though the consolidation variable is still statistically significant, the

coefficient point estimates are now smaller in absolute value. This tells us that

including income inequality and its interaction with planned consolidation,

reduces the impacts of the size of fiscal consolidation in itself.

Second, note that an increase of 1% above the mean of income inequality

amplifies the forecast error of the effects of fiscal consolidation by ι. This

means that if the forecasters had taken income inequality into account, the

effects of fiscal consolidation would have been more accurately anticipated.

The results are not only statistically significant and robust but are also

economically meaningful. For example, an increase in one standard deviation

of the income share of agents in the top 10% of the income distribution over

12The 26 economies used by Blanchard and Leigh were Austria, Belgium, Bulgaria, Cyprus, Czech Republic,
Germany, Denmark, Finland, France, Greece, Hungary, Ireland, Iceland, Italy, Malta, Netherlands, Norway,
Poland, Portugal, Romania, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, and the United Kingdom.
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Table 1: Blanchard and Leigh (2013) Regressions Augmented with Measures of Income Inequality

(1) (2) (3) (4) (5) (6) (7)
Coefficients Blanchard-Leigh Y25/Y75 Y20/Y80 Y10/Y90 Y5/Y95 Y2/Y98 Income Gini

β -1.095*** -0.841*** -0.806*** -0.697** -0.759*** -0.750*** -1.267***
(0.255) (0.227) (0.234) (0.252) (0.240) (0.238) (0.275)

γ -0.194 -0.144 -0.065 0.008 0.018 0.273**
(0.385) (0.291) (0.120) (0.036) (0.032) (0.121)

ι -0.251 -0.238 -0.154*** -0.071*** -0.066*** -0.085
(0.208) (0.153) (0.054) (0.021) (0.019) (0.084)

Constant 0.775* 2.150 2.041 1.812 0.805 0.558 -9.344**
(0.383) (2.632) (2.422) (1.758) (0.928) (0.597) (4.463)

Observations 26 26 26 26 26 26 26
R-squared 0.496 0.545 0.559 0.612 0.600 0.610 0.624

a *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses.
b The table displays the results from augmenting the regression in Blanchard and Leigh (2013) with different measures of income inequality and an
interaction term between income inequality and planned fiscal consolidation.
c Y25/Y75, Y20/Y80, Y10/Y90, Y5/Y95 and Y2/Y98 represent the share of income of the top 25%, 20%, 10%, 5% and 2% divided by the share of
the bottom 25%, 20%, 10%, 5% and 2%.

the bottom 10% leads to an underestimation of the fiscal multiplier of 66%,

for a country with an average consolidation13 14.

3.2 IMF Shocks

In this subsection we show that the link between income inequality and

the output response to fiscal consolidations is not exclusive to the years of

2010 and 2011. We use the Alesina et al. (2015a) annual dataset on fiscal

consolidation episodes in 12 European economies 15 between 1978 and 2013.

The authors expand the exogenous fiscal consolidation episodes dataset in

Devries et al. (2011), known as IMF shocks, which is constructed using the

Romer and Romer (2010) narrative approach to identify fiscal consolidations

solely driven by the need to reduce deficits. The use of the narrative approach

makes it possible to filter out all policy actions driven by the economic cycle

and guarantees exogeneity of the shifts in fiscal policy.

Alesina et al. (2015a) expand the Devries et al. (2011) dataset, but use

the methodological innovation proposed by Alesina et al. (2015b), who notice

that a fiscal adjustment is not an isolated change in expenditure or taxes, it is

a multi-year plan, in which some policies are known in advance and others are

implemented unexpectedly. Ignoring the connection between the unanticipated

13Note that even though this is a statement about the IMF’s forecast errors, if we use output alone as
dependent variable, we still find similar results, showing that higher income inequality is associated with a
higher impact of fiscal consolidation, see Table 11 in the Appendix.

14The results are robust to both the inclusion of a lagged term of the forecast error and to winsorizing
observations at the 95th percentile, see Tables 12 and 13 in Appendix

15Austria, Belgium, Germany, Denmark, Spain, Finland, France, United Kingdom, Ireland, Italy, Portugal
and Sweden.
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and announced consolidation measures can lead to biased results.

In the Alesina et al. (2015a) dataset, fiscal consolidations are measured

as expected revenue effects of changes in the tax code and as deviations of

expenditure relative to the expected level of expenditure absent the policy

changes. The fiscal consolidation episodes are assumed to be fully credible, and

announcements which were not implemented are dropped from the database.

Once again, we use total income inequality data from the EU-SILC dataset

and construct the same measures of income inequality as in Section 3.1. The

EU-SILC data goes from 2007 to 2015 for all the 12 European economies

in the Alesina et al. (2015a) dataset. The equation that we estimate is the

following:

∆Yi,t = α+β1e
u
i,t+β2e

a
i,t+γIi,t−1+ι1e

u
i,t(Ii,t−1−µI)+ι2eai,t(Ii,t−1−µI)+δi+ωt+εi,t

(3)

where ∆Yit is the GDP growth rate in economy i in year t, euit is the unan-

ticipated consolidation shock while eait is the announced shock. Iit−1 is the

inequality measure in year t-1 and µ represents the sample mean of I. We

consider the lagged value of inequality to guarantee that inequality is not

affected by current changes in output and current fiscal consolidation. We

re-parametrize the interaction terms by demeaning the inequality measures

so that β1 and β2 have the more convenient interpretation of how much, for

a country with average inequality, an increase in fiscal consolidation of one

percent affects output growth for a country with average inequality. Moreover,

ι1 and ι2 also have the more convenient interpretation of by how much more

(relative to a country with average inequality) fiscal consolidation affects the

GDP growth rate for a country with inequality 1 percentage point above the

sample mean. δi and ωt are country and year fixed effects.

The results are presented in Table 2. Notice that, from the two interaction

terms, only the interaction with unanticipated IMF shocks is statistically

significant. This tells us that, for an unanticipated fiscal consolidation, an

increase in inequality by 1 percentage point is going to amplify the recessive

impacts of fiscal consolidation (the fiscal multiplier) by ι1.

Once again, the results are not only robust and statistically significant,

but also economically meaningful. An increase of one standard deviation in

12



the share of the income of the top 25% over the share of the bottom 25%

leads to an increase in the multiplier of an unanticipated shocks of 240%, for

a country with an average unanticipated consolidation.16

Table 2: Regressions on Data from Alesina et al. (2015a)

(1) (2) (3) (4) (5) (6) (7)
Coefficients Benchmark Y25/Y75 Y20/Y80 Y10/Y90 Y5/Y95 Y2/Y98 Income Gini

β1 -0.003 0.006 0.004 -0.004 -0.004 -0.004 0.011
(0.005) (0.007) (0.007) (0.006) (0.006) (0.007) (0.007)

β2 -0.002 -0.003 -0.002 -0.000 -0.002 0.001 -0.001
(0.005) (0.007) (0.007) (0.007) (0.006) (0.006) (0.007)

γ -2.294** -1.308* -0.024 0.036 0.009 -1.100***
(1.001) (0.756) (0.344) (0.135) (0.049) (0.380)

ι1 -1.363** -0.882* 0.103 0.069 -0.005 -0.501**
(0.590) (0.501) (0.232) (0.077) (0.030) (0.191)

ι2 -0.357 -0.213 -0.094 -0.017 0.022 -0.112
(0.633) (0.510) (0.245) (0.091) (0.026) (0.173)

Constant 0.014*** 0.171** 0.123* 0.018 0.005 0.012 0.434***
(0.005) (0.069) (0.063) (0.050) (0.034) (0.014) (0.145)

Observations 84 84 84 84 84 84 84
R-squared 0.008 0.132 0.086 0.012 0.030 0.021 0.179
Number of countries 12 12 12 12 12 12 12

a *** p<0.01, ** p<0.05, * p<0.1. Standard errors in parentheses.
b The table displays the results from estimating the regression in Equation (3) on data from Alesina et al. (2015a) and measures of income inequality
from the EU-SILC.
c Y25/Y75, Y20/Y80, Y10/Y90, Y5/Y95 and Y2/Y98 represent the share of income of the top 25%, 20%, 10%, 5% and 2% divided by the share of
the bottom 25%, 20%, 10%, 5% and 2%.

3.3 SVAR

In this subsection we provide additional evidence on the link between income

inequality and the recessive impacts of fiscal contractions, using a larger

dataset containing 44 countries, see data description in Section 11.3. We

use the data and methodology from Ilzetzki et al. (2013), to run VARs for

two different groups of countries pooled by their position whether income

inequality int he country is above or below the median. We use three different

measures of inequality: i) the income share of the top 20% divided by the

share of the bottom 20% ii) the income share of the top 10% divided by the

income share of the bottom 10% iii) the income Gini coefficient. We find

that the results are consistent across the three different metrics of income

inequality. For countries with income inequality metric above the median, the

recessive impacts of decreases in government consumption expenditures are

16Once again, the results are robust to both the inclusion of the lagged dependent variable and to winsorizing.
See Tables 14 and 15 in Appendix.
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stronger and statistically different from the impacts for the group of countries

with income inequality metrics below the median.

The objective is to estimate the following system of equations

AYnt =
K∑
k=1

CkYn,t−k + un,t (4)

where Ynt is a vector containing the endogenous variables for country n in

quarter t. The variables considered are the same as in Ilzetzki et al. (2013):

government consumption, output, current account in percentage of GDP and

the natural logarithm of the real effective exchange rate. Ck is a matrix of lag

own and cross effects of variables on their current observations. Given that

A is not observable we cannot estimate this regression directly. We need to

pre-multiply everything by A−1 and, using OLS, we can recover the matrix

P = A−1Ck and en,t = A−1un,t. So we estimate the system

Ynt =
K∑
k=1

A−1CkYn,t−k + A−1un,t (5)

To be able to estimate the effects of fiscal consolidation, we need more

assumptions on A so that we can identify the innovations by solving en,t =

A−1un,t. We use the same assumption used by Ilzetzki et al. (2013) and first

introduced by Blanchard and Perotti (2002), to identify the responses of

output to government consumption expenditures: government consumption

cannot react to shocks in output within the same quarter. The plausibility of

this assumption comes from the fact that the government’s budget is typically

set on a yearly basis and can only react to changes in output with a lag. For

the ordering of the remaining variables, we also follow Ilzetzki et al. (2013)

and let the current account follow output and the real exchange rate follow

the current account. Given this, we can identify the impulse responses to a

primitive shock in government spending. In Figures 1, 2 and 3 we plot the

cumulative output multiplier to a government consumption shock, defined as:

cummulative multiplier G(T ) =

∑t=T
t=0

(
1

(1+rm)

)t
∆Yt∑t=T

t=0

(
1

(1+rm)

)t
∆Gt

(6)
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rm is here the median interest rate in the data sample. The output

multipliers shown in Figures 1, 2 and 3 suggest that in countries with higher

income inequality, contractions in government spending have a more recessive

impact.

Figure 1: Cumulative output multiplier, as defined in (6), to a government consumption shock (90% error bands in gray)

Figure 2: Cumulative output multiplier, as defined in (6), to a government consumption shock (90% error bands in gray)

Figure 3: Cumulative output multiplier, as defined in (6), to a government consumption shock (90% error bands in gray)

The empirical findings in Section 3 together suggest that income inequality

is a relevant dimension to take into account when studying the effects of fiscal
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policy. In particular, they suggest that higher inequality amplifies the recessive

impacts of fiscal consolidation and decreases in government expenditures. In

order to understand the mechanism through which income inequality may

play such role, we build a structural model that is introduced in the next

section.

4 Model

In this section, we describe the model we will use to study the effects of a

fiscal consolidation in different countries. Our model is a relatively standard

life-cycle economy with heterogeneous agents and incomplete markets, i.e. a

life-cycle extension of Aiyagari (1994). It is similar to the model in Brinca

et al. (2016b), except that we have introduced a bequest motive to get a more

realistic distribution of wealth over the life-cycle.

Technology

There is a representative firm, producing output with a Cobb-Douglas pro-

duction function:

Yt(Kt, Lt) = Kα
t [Lt]

1−α (7)

where Kt is the capital input and Lt the labor input in efficiency units. The

evolution of capital evolution is given by:

Kt+1 = (1− δ)Kt + It (8)

where It is gross investment and δ the capital depreciation rate. Each period,

the firm hires labor and capital to maximize its profits:

Πt = Yt − wtLt − (rt + δ)Kt. (9)

In a competitive equilibrium, the factor prices will be equal to their marginal

products given by:

wt = ∂Yt/∂Lt = (1− α)

(
Kt

Lt

)α
(10)
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rt = ∂Yt/∂Kt − δ = α

(
Lt
Kt

)1−α
− δ (11)

Demographics

The economy is populated by J overlapping generations of finitely lived

households17. All households start life at age 20 and enter retirement at

age 65. Let j denote the household’s age. Retired households face an age-

dependent probability of dying, π(j) and die for certain at age 100.18. A

model period is 1 year, so there are a total of 40 model periods of active

work life. We assume that the size of the population is fixed (there is no

population growth). We normalize the size of each new cohort to 1. Using

ω(j) = 1− π(j) to denote the age-dependent survival probability, by the law

of large numbers the mass of retired agents of age j ≥ 65 still alive at any

given period is equal to Ωj =
∏q=J−1

q=65 ω(q).

In addition to age differences, households are heterogeneous with respect

to asset holdings, idiosyncratic productivity, and their subjective discount

factor, which for each household is constant over time but takes one out of the

three values β ∈ {β1, β2, β3}19; the distribution of discount factors is uniformly

distributed across agents in each cohort. Finally, they also differ in terms of a

permanent ability component, i.e., they have a starting level of productivity

that is realized at birth. Every period of active work-life they decide how

many hours to work, n, how much to consume, c, and how much to save,

k. Retired households make no labor supply decisions but receive a social

security payment, Ψt.

There are no annuity markets, so that a fraction of households leave

unintended bequests which are redistributed in a lump-sum manner between

the households that are currently alive. We use Γ to denote the per-household

bequest. Retired households’ utility is increasing in the bequest they leave

when they die. This helps us calibrate the asset holdings of old households.

17Recent work by Peterman and Sager (2016) makes the case for having a life-cycle dimension when
studying the impacts of government debt.

18This means that J = 81.
19We follow Krusell and Smith (1998) in using heterogeneity in discount factors to allow the model to

match the empirical wealth distribution, which is supported by empirical evidence in Mischel et al. (1972)
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Labor Income

The wage of an individual depends on his/her own characteristics: age, j,

permanent ability, a ∼ N(0, σ2
a), and idiosyncratic productivity shock, u,

which follows an AR(1) process:

ut+1 = ρut + εt+1, ε ∼ N(0, σ2
ε ) (12)

These characteristics will dictate the number of efficient units of labor the

household is endowed with. Individual wages will also depend on the wage

per efficiency unit of labor w. Thus, individual i’s wage is given by:

wi(j, a, u) = weγ1j+γ2j
2+γ3j

3+a+u (13)

γ1ι, γ2ι and γ3ι capture the age profile of wages.

Preferences

The momentary utility function of a household, U(c, n), depends on consump-

tion and work hours, n ∈ (0, 1], and takes the following form:

U(c, n) =
c1−σ

1− σ
− χ n

1+η

1 + η
. (14)

Retired households gain utility from the bequest they leave when they die:

D(k) = ϕ log(k) (15)

Government

The government runs a balanced social security system where it taxes employ-

ees and the employer (the representative firm) at rates τss and τ̃ss and pays

benefits, Ψt, to retirees. The government also taxes consumption and labor

and capital income to finance the expenditures on pure public consumption

goods, Gt, which enter separably in the utility function, interest payments

on the national debt, rBt, and a lump-sum redistribution, gt. We assume

that there is some outstanding government debt and that government debt-

to-output ratio, BY = Bt/Yt, does not change over time. Consumption and

capital income are taxed at flat rates the τc and τk. To model the non-linear

labor income tax, we use the functional form proposed in Benabou (2002)

18



and recently used in Heathcote et al. (2017) and Holter et al. (2017):

τ(y) = 1− θ0y
−θ1 (16)

where y denotes pre-tax (labor) income and τ(y) the average tax rate given

a pre-tax income of y. The parameters θ0 and θ1 govern the level and the

progressivity of the tax code, respectively.20. Heathcote et al. (2017) argue

that this function fits the U.S. data well.

In a steady state, the ratio of government revenues to output will remain

constant. Gt, gt, and Ψt must also remain proportional to output. Denoting

the government’s revenues from labor, capital, and consumption taxes by

Rt and the government’s revenues from social security taxes by Rss
t , the

government budget constraint in steady state takes the following form:

g

(
45 +

∑
j≥65

Ωj

)
= R−G− rB, (17)

Ψ

(∑
j≥65

Ωj

)
= Rss. (18)

Recursive Formulation of the Household Problem

At any given time a household is characterized by (k, β, a, u, j), where k

is the household’s savings, β ∈ β1, β2, β3, is the time discount factor, a is

permanent ability, u is the idiosyncratic productivity shock, and j is the age

of the household. We can formulate the household’s optimization problem

over consumption, c, work hours, n, and future asset holdings, k′, recursively

as follows:

V (k, β, a, u, j) = max
c,k′,n

[
U (c, n) + βEu′

[
V (k′, β, a, u, j + 1)

]]
s.t.:

c(1 + τc) + k′ = (k + Γ) (1 + r(1− τk)) + g + Y L

Y L =
nw (j, a, u)

1 + τ̃ss

(
1− τss − τl

(
nw (j, a, u)

1 + τ̃ss

))
n ∈ [0, 1], k′ ≥ −b, c > 0 (19)

20A further discussion of the properties of this tax function is provided in the appendix
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Here, Y L is the household’s labor income after social security taxes and

labor income taxes. τss and τ̃ss are the social-security contributions paid by

the employee and by the employer, respectively. The problem of a retired

household, who has a probability π(j) of dying and gains utility D(k′) from

leaving a bequest, is:

V (k, β,j) = max
c,k′

[
U (c, n) + β(1− π(j))V (k′, β, j + 1) + π(j)D(k′)

]
s.t.:

c(1 + τc) + k′ = (k + Γ) (1 + r(1− τk)) + g + Ψ,

k′ ≥ 0, c > 0 (20)

Stationary Recursive Competitive Equilibrium

Let the measure of households with the corresponding characteristics be given

by Φ(k, β, a, u, j). The stationary recursive competitive equilibrium is defined

by:

1. Given the factor prices and the initial conditions the consumers’ opti-

mization problem is solved by the value function V (k, β, a, u, j) and the

policy functions, c(k, β, a, u, j), k′(k, β, a, u, j), and n(k, β, a, u, j).

2. Markets clear:

K +B =

∫
kdΦ

L =

∫
(n(k, β, a, u, j)) dΦ∫

cdΦ + δK +G = KαL1−α

3. The factor prices satisfy:

w = (1− α)

(
K

L

)α
r = α

(
K

L

)α−1

− δ
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4. The government budget balances:

g

∫
dΦ +G+ rB =

∫ (
τkr(k + Γ) + τcc+ nτl

(
nw(a, u, j)

1 + τ̃ss

))
dΦ

5. The social security system balances:

Ψ

∫
j≥65

dΦ =
τ̃ss + τss
1 + τ̃ss

(∫
j<65

nwdΦ

)

6. The assets of the dead are uniformly distributed among the living:

Γ

∫
ω(j)dΦ =

∫
(1− ω(j)) kdΦ

Fiscal Experiment and Transition

The fiscal experiments that we analyze in this paper is 50 periods of reduction

in government debt, B, either financed through a decrease in government

spending, G, by 0.2% of benchmark GDP21, or an increase in the labor income

tax τl, by 0.1% for all agents. The economy is initially in a steady state and

the 50 periods of fiscal consolidation is unanticipated until it is announced22.

After the 50 periods either the government spending or the labor tax go back

to the initial level. The lumpsum transfer, g is set to clear the government

budget, and we assume that the economy takes an additional 50 periods to

converge to the new steady state equilibrium, with lower debt to GDP ratio.

To save space, the definition of a transition equilibrium after the fiscal

experiment is stated in Appendix 11.2. The key change compared to the

steady state is that the dynamic-programming problem of households need

another state variable: time, t, capturing all the changes in policy and price

variables relevant in this maximization problem. The numerical solution of the

model necessitates guessing on paths for all the variables that will depend on

time and then solving this maximization problem backward, after which the

guess is updated; the method is similar to that used in Brinca et al. (2016b)

and Krusell and Smith (1999).

21The total revenue available for debt repayment over the 50-year period is thus 10% of benchmark GDP
22In Section 3.2, we found that unanticipated but not anticipated fiscal consolidations have a statistically

significant negative effect on output.
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Definition of the Fiscal Multiplier in the Context of a Fiscal Con-

solidation Shock

In the experiment with debt reduction financed by a reduction in G, we define

the impact multiplier as:

impact multiplier G =
∆Y0

∆G0
(21)

where ∆Y0 is the change in output from period 0 to period 1 and ∆G0 is

the change in government spending from period 0 to period 1. The cumulative

multiplier at time T is defined as:

cummulative multiplier G(T ) =

∑t=T
t=0

(
Πs=t
s=0

1
(1+rs)

)
∆Yt∑t=T

t=0

(
Πs=t
s=0

1
(1+rs)

)
∆Gt

(22)

where ∆Yt is the change in output from period 0 to period t and ∆G0

is the change in government spending from period 0 to period t When the

consolidation is financed through an increase in the labor income tax, τl, we

define the impact multiplier as:

impact multiplier τl =
∆Y0

∆R0
(23)

where ∆Y0 is the change in output from period 0 to period 1 and ∆R0 is

the change in government revenue from period 0 to period 1. Government

spending, G and lumpsum redistribution, g, are kept constant during this

consolidation. For the tax-based consolidation we define the cumulative

multiplier as:

cummulative multiplier τl(T ) =

∑t=T
t=0

(
Πs=t
s=0

1
(1+rs)

)
∆Yt∑t=T

t=0

(
Πs=t
s=0

1
(1+rs)

)
∆Rt

(24)

where ∆Yt is the change in output from period 0 to period t and ∆Rt is

the change in government revenue from period 0 to period t.
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5 Calibration

Our benchmark model is calibrated to match moments of the German economy.

Germany is a natural choice as it is the largest economy in Europe. For

the cross-country analysis in Section 7, calibration is performed using the

same strategy and is described in the Appendix. Certain parameters can be

calibrated outside the model using direct empirical counterparts. Tables 18

and 20 lists the parameters calibrated outside of the model. The remaining

parameters, listed in Tables 4 (only Germany) and 19, are calibrated using a

simulated method of moments (SMM) approach.

Wages

To estimate the life cycle profile of wages (see Equation (13)), we use data

from the Luxembourg Income Study (LIS) and run the below regression for

each country:

ln(wi) = ln(w) + γ1j + γ2j
2 + γ3j

3 + εi, (25)

where j is the age of individual i. The parameter for the variance of ability,

σa, is assumed to be equal across countries and set equal to the average of σa

for the European countries in Brinca et al. (2016b). Due to the lack of panel

data on individual incomes for European economies, which we could use to

estimate the persistence of the idiosyncratic shock ρ, we set it equal to the

value used in Brinca et al. (2016b), who use U.S. data from the Panel Study

of Income Dynamics (PSID). The variance of the idiosyncratic income risk σε

is then calibrated to make the model match the variance of log wages in the

data.

Preferences and the Borrowing Limit

The value of the Frisch elasticity of labor supply, η, has been much debated

in the literature. We set it to 1, which is similar to that used in a number of

recent studies; see, e.g., Trabandt and Uhlig (2011) and Guner et al. (2016).

The parameters χ, governing the disutility of working an additional hour, ϕ,

governing the utility of leaving bequests, the discount factors β1, β2, β3, and

the borrowing limit, b, are calibrated so that the model output matches the

data. The corresponding data moments are average yearly hours, taken from
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the OECD Economic Outlook, the ratio of capital to output, K/Y , taken

from the Penn World Table 8.0, and three wealth moments taken from the

Luxembourg Wealth Study (LWS), namely the shares of wealth held by those

between the 1st and 25th percentile, between the 1st and 50th percentile and

between the 1st and 75th percentile. Lastly, in order to have a realistic age

profile of wealth, we also match the mean wealth held by 75 to 80-year olds

relative to mean wealth in the whole population, from LWS.23.

Taxes and Social Security

As described in Section 11.1 we apply the labor income tax function in

Equation (16), proposed by Benabou (2002). We use U.S. labor income tax

data provided by the OECD to estimate the parameters θ0 and θ1 for different

family types. To obtain a tax function for the single individual households in

our model, we take a weighted average of θ0 and θ1, where the weights are

each family type’s share of the population.24.

For Germany we estimate θ0 and θ1 to be 0.881 and 0.221 respectively. The

employer social security rate on behalf is set to 0.206 and the employee social

security rate to 0.21, taking the average tax rates between 2001 and 2007 from

the OECD. Finally, consumption and capital tax rates are set to 0.233 and

0.155 respectively, following Trabandt and Uhlig (2011). The tax parameters

for other countries is found in Table 18 in the Appendix summarizes our

findings for different countries.

Endogenously Calibrated Parameters

To calibrate the parameters that do not have any direct empirical counterparts,

ϕ, β1, β2, β3, b, χ and σε, we use the simulated method of moments. We

minimize the following loss function:

L(ϕ, β1, β2, β3, b, χ, σε) = ||Mm −Md|| (26)

where Mm and Md are the moments in the data and in the model respec-

tively.

23Due to the small number of observations per cohort for most European countries, we match mean wealth
held by 75 to 80-year olds in the US economy

24As we do not have detailed data for the population share of each family for European countries, we use
U.S. family shares, as in Holter et al. (2017).
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Given that we have seven parameters, we need seven data moments to

have an exactly identified system. The seven moments we target in the data

are the ratio of the average net asset position of households in the age cohort

75 to 80 year old relative to the average asset holdings in the economy, three

wealth quartiles, the variance of log wages and the capital to output ratio.

All the targeted moments are calibrated with less than 2% of error margin, as

displayed in Table 3. Table 4 presents the calibrated parameters. To illustrate

that the model can also match some moments, not targeted in the calibration,

Figure 4 compares the distribution of agents with negative wealth by age

decile in the model and in the data for the German benchmark economy. Since

the fraction of borrowing constrained agents in the economy is important for

our mechanism, it is reassuring that the model does quite well at matching

the fraction of agents with negative wealth by age.

Table 3: Calibration Fit

Data Moment Description Source Data Value Model Value
ā75−80/ā Mean wealth age 75-80 / mean wealth LWS 1.51 1.51
K/Y Capital-output ratio PWT 3.013 3.013
Var(lnw) Variance of log wages LIS 0.354 0.354
n̄ Fraction of hours worked OECD 0.189 0.189
Q25, Q50, Q75 Wealth Quartiles LWS -0.004, 0.027, 0.179 -0.005, 0.026, 0.182

Table 4: Parameters Calibrated Endogenously

Parameter Value Description
Preferences
ϕ 3.6 Bequest utility
β1, β2, β3 0.952, 0.997, 0.952 Discount factors
χ 16.93 Disutility of work
Technology
b 0.09 Borrowing limit
σε 0.439 Variance of risk
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Figure 4: % of agents with negative wealth by age quartile in the model (blue bars) vs. empirical observations (yellow bars),
in the benchmark economy Germany.

6 Income Inequality and Fiscal Consolidation

In Section 3 we documented a strong empirical relationship between income

inequality and the recessive impact of fiscal consolidation programs. This

finding motivates the study, in this section, of the impact of income inequality

on fiscal consolidations in a structural model.

In the model, there are three sources of wage inequality: income risk,

the permanent ability level and the age-profile of wages. We abstract from

population growth and demographic differences across countries with respect

to the relative sizes of each cohort25. There is an ongoing debate regarding

whether income inequality is mainly due to differences between agents deter-

mined before the entry into the labor market or differences in the realization

of income shocks during the life-course. Huggett et al. (2011) do for instance

find that about 60% of the variance in lifetime earnings in the U.S. is due to

initial conditions. This suggests that both initial conditions and market luck

play an important role in generating the observed heterogeneity in the data.

In our structural model we find that there is a link between income

inequality, due to income risk, and the recessive impacts of fiscal consolidations.

For inequality due to differences in initial conditions (ability and the age-profile

of wages in the model), this relationship is weak or non-existent.

25For studies of the relevance of age structure for either fiscal policy or the effects of a credit crisis, see
Basso and Rachedi (2017) and Antunes and Ercolani (2017).
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To understand how the mechanism works, consider first the fiscal consoli-

dation experiment where debt is reduced through a reduction in government

spending, in the context of our model. The decrease in government debt will

gradually shift households’ savings to physical capital, driving the capital to

labor ratio up. The marginal product of labor in future time periods increases

and for households this generates a positive shock to expected life-time income,

which causes a decrease in labor supply in the short run. This effect also

leads to a drop in output in the short run. However, given that productive

capital increases during the transition to a new steady state, the economy

will converge to a higher level of output in the long run. It should be noted

that in our model, Ricardian equivalence does not hold for two reasons: first,

given the overlapping generation structure of our model, older agents do not

consider fiscal adjustments past their passing; second, given the incomplete

market structure of the model, agents cannot transfer resources across time

and states of the world in response to the shocks, both from the lack of

state-contingent contracts and the borrowing limit.

To understand the link between inequality and the initial drop in labor

supply and output, note that the elasticity of labor supply to a shock to future

income is smaller for credit constrained and low-wealth agents, see Figure

5. Constrained agents do not consider changes to their lifetime budget, only

changes to their budget today. Agents with low wealth levels are also less

responsive to future income changes because they will be constrained in several

future states of the world. An economy with high income inequality, arising

from idiosyncratic productivity risk, has a smaller percentage of constrained

and low-wealth agents, due to precautionary savings behavior, and a higher

aggregate elasticity of labor supply with respect to our fiscal experiment, which

causes a positive shock to future income. Therefore, a fiscal consolidation

will be more recessive on impact in economies with high income inequality

due to risk. In contrast, the variance of initial ability or the steepness of

the age-profile of wages will not affect the precautionary saving behavior of

the agents, and changing the variance of ability changing the slope of the

age-profile will have little or no impact on the number of credit constrained

agents.

In the case of consolidation through increased labor income taxes, the
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Figure 5: The labor supply response to a 1% change in G by asset level in the German benchmark economy.

mechanism through which inequality matters is the same. There will be a

negative income effect on labor supply today, through higher future wages and

increased life-time income. For constrained agents, who do not consider their

life-time budget but only their budget today, the tax would instead cause a

drop in available income in the short-run, leading to a labor supply increase

(the income effect would be positive). However, the tax also induces a negative

substitution effect on wages today, both for constrained and unconstrained

agents. It turns out that all agents decrease their labor supply, but the

response is weaker for constrained and low-wealth agents, for which the short

run income effect on labor supply is positive.

6.1 Illustrating the Mechanism: Comparing Fiscal Consolida-

tion in Germany and the Czech Republic

To illustrate the impact of differences in inequality, we first compare the

effects of consolidation in Germany and in the Czech Republic, two European

countries on the opposite side of the spectrum in terms of wage inequality.

Germany with the second highest variance of log wages, 0.354, and Czech

Republic with the lowest value, 0.174. These two countries differ along several

dimensions, but the reason why we choose Germany and Czech Republic is due

to their differences in wage inequality, idiosyncratic risk and the percentage

of constrained agents. In the Czech Republic the calibrated variance of the
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idiosyncratic risk is 0.145 and the percentage of constrained agents is 7.39%,

while Germany has a higher variance of risk, 0.439, and a lower percentage

of constrained agents, 3.41%. We find what our mechanism suggests that

the output multiplier following the unanticipated fiscal consolidation shock is

larger in Germany than in Czech Republic.

Figure 6: Labor tax consolidation: Output cumulative multiplier (left panel) and Labor Supply cumulative multiplier (right
panel) in the first three periods in Germany (dashed line) and Czech Republic (solid line)

Figure 7: Government spending consolidation: Output cumulative multiplier (left panel) and Labor Supply cumulative
multiplier (right panel) in the first three periods in Germany (dashed line) and Czech Republic (solid line)

In Figures 6 and 7 we plot the cumulative output multiplier and labor sup-

ply response to labor tax and government spending consolidations respectively,

for the two countries. Both the labor supply responses and the output multi-

pliers are significantly larger in the German economy, where wage inequality

is higher. As Germany has a smaller share of constrained and low-wealth

agents, the output drop is more pronounced. One should also note that the

consolidation through increased labor income taxes causes deeper recessions

than the consolidation financed by a reduction in government spending. This

is consistent with the results by Alesina et al. (2017).
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6.2 Inequality: Variance of Risk vs. Variance of Ability vs. Age

Profiles

Next, we perform three experiments in our German benchmark economy to

verify the mechanism described above. We focus on understanding the role

of the different parameters that drive wage inequality in our model, σε, σa,

and γ1, γ2, γ3. These parameters govern the variance of idiosyncratic wage

shocks, the variance of permanent ability and the shape of the age-progile

of wages. We find that the correlation between wage inequality and fiscal

multipliers that we documented in the empirical section can only be explained

by differences in idiosyncratic risk and not by predetermined differences in

ability or in the age-profile of wages. We perform three different experiments:

1. We gradually change V ar(lnw) from in the benchmark model by chang-

ing the variance of the innovations to the stochastic income process, σ2
ε ,

from low to high.

2. We gradually change V ar(lnw) in the benchmark model calibrated to

Germany, by changing the variance of ability, σ2
a, from low to high.

3. We gradually change V ar(lnw) in the benchmark model calibrated to

Germany, by multiplying the age-profile of wages, governed by γ1, γ2,

γ3, by a Scalar, going from low to high.

In all cases we adjust γ0 by a constant to guarantee that average produc-

tivity in the economy stays unchanged. Then for each value of σu, σa and the

Scalar we perform our two fiscal consolidation experiments: i) consolidation

through government spending and ii) consolidation through the labor income

tax.

In Figure 8 we plot the impact multiplier in the experiment with fiscal

consolidation through labor income taxes for different values of σε, σa and the

Scalar. In the left panel we observe that the fiscal multiplier is very sensitive

to changes in income risk. When we change the variance of the innovations

to the idiosyncratic shock, ε, from 0 to 0.45 the impact multiplier falls from

about -1.40 to -1.95. In the middle and right panels we observe that it is
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Figure 8: Impact multiplier for the labor tax consolidation in the benchmark model for Germany when changing the variance
of risk (left panel), the variance of ability (middle panel), and the age profile of wages (right panel).

relatively inelastic with respect to changes in ability and the steepness of the

age-profile of wages26.

Figure 9: Impact multiplier for the consolidation through government spending in the German benchmark economy when
changing the variance of risk (left panel), the variance of ability (middle panel), and the age profile of wages (right panel).

The experiment with consolidation through government spending generates

similar results. In the left panel of Figure 9, we observe that as we change

the variance of the innovations to the idiosyncratic shock, governed by σε,

from 0 to 0.45 the impact multiplier increases from about 0.41 to 0.47. In the

middle and the right panels of the figure we observe that the changes in the

multiplier induced by changing the variance of ability and the steepness of

the age-profile of wages are small. We conclude that only through changes

in income risk can we generate a positive relationship between the impact of

fiscal consolidation programs and income inequality.

The analysis in Figures 8 and 9 covers changes in risk that go from zero

to the highest value obtained in our calibration of the model to 13 different

European countries. In our calibration exercise, the lowest value of the

variance of risk was obtained for Greece and equal to 0.12 and the highest

was equal to 0.5, for France. One should note that the relative magnitude

26Germany has one of the steepest age-profiles in our sample of countries. We therefore let the scalar go
from 0 to 1, capture the effect of going from a steep age-profile to a completely flat age-profile.
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of changes in the multiplier induced by changing the risk is larger for tax-

based than for spending-based consolidation. Going from the lowest to the

highest level of risk, implies a 30% increase in the impact multiplier for the

tax-based consolidation and an 8% increase in the impact multiplier for the

spending-based consolidation. As mentioned before it is worth noting that

the actual consolidations studied in Section 3 include both changes in taxes

and spending.

In Figure 10 we verify our hypothesis about the relationship between in-

come risk and the fiscal consolidation multipliers stemming from the fact that

economies with higher income risk have a lower share of credit-constrained

agents. In the left panel of the figure we document a strong, negative rela-

tionship between the variance of risk and the proportion of credit constrained

agents in the economy. In the middle panel we see that changing the variance

of ability does not affect the share of agents with liquidity constraints, as we

anticipated. A steeper age-profile of wages leads to more liquidity-constrained

agents (as one would expect27) but the effect is very weak compared to the

impact of income risk.

Figure 10: Share of credit-constrained agents in the German benchmark economy when changing the variance of risk (left
panel), the variance of ability (middle panel), and the age profile of wages (right panel).

In Figure 11 we illustrate the relationship between the share of agents

with liquidity constraints and the impact multiplier, for both spending-based

and tax-based fiscal consolidation, as we change income risk. We observe that

there is a strong negative relationship between the share of credit constrained

agents and the fiscal consolidation multipliers.

Finally, as a last robustness test to verify that the relationship between

inequality and fiscal multipliers comes from the variance of risk we conduct

27With a steeper age profile agents will save less early in the life-cycle.
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Figure 11: Impact multiplier for the G-consolidation (left panel) and for the τl-consolidation (right panel) plotted against the
share of credit-constrained agents in the German benchmark economy, when decreasing the variance of risk.

the following experiment: we keep wage inequality constant by choosing

different combinations of risk and ability, going from one extreme, where all

wage inequality (except from the age-profile) is due to the variance of risk,

to the other extreme, where wage inequality is fully explained by variance of

ability. Figure 16 in the Appendix shows that the multiplier is largest when

all inequality is explained by income risk and smallest when all inequality is

explained by the variance of ability, for both tax-based and expenditure-based

consolidations.

7 Cross-country Analysis

In the previous Section we demonstrated that our model is able to reproduce

the empirical relationship between income inequality and fiscal multipliers,

through variation in income risk. In this Section we perform a cross-country

analysis to show that this mechanism is strong enough to matter empirically.

We calibrate our model to match a wide range of different country charac-

teristics, where, in addition to the distributions of income and wealth, we

match data on taxes, social security and government debt. We show that even

when introducing substantial country heterogeneity, we are able to reproduce

the cross-country relationship between both tax- and spending-based fiscal

consolidation and income inequality.

The model is calibrated to 13 European countries28 using country-specific

28For this exercise we use only countries which actually went through fiscal consolidation processes after
2009. Compared to Blanchard and Leigh (2013), we are forced to exclude Belgium, Cyprus, Denmark,
Ireland, Malta, Norway, Poland, Romania and Slovenia due to data limitations. The results in Section 3.1
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age-profiles of wages, keeping the variance of the permanent ability fixed and

changing the variance of the idiosyncratic shock to match the variance of

log wages in the data. Tables 10 and 18 summarize the wealth distribution,

the other country specific data used to calibrate the model, and the country

specific parameters estimated outside of the model. Table 19 summarizes

the country specific parameters estimated through the simulated method of

moments, as described in Section 5. Parameters kept constant for all the

countries, are summarized in Table 20.

Figure 12 reveals that our model is able to reproduce the cross-country

empirical relationship between income inequality and the impacts of fiscal

consolidation: countries with higher inequality experience larger output drops

on impact, both for tax and spending based consolidations. These effects

are large and economically meaningful, in particular for tax-based consolida-

tions. Using the coefficient found when regressing the multiplier on income

inequality, we find that the response between the country with the lowest

income inequality (Czech Republic) and the highest (France) leads to a 90%

increase in the tax-based multiplier. One should also note that tax-based

consolidations in general produce deeper recessions across countries than

spending based consolidations.

Figure 12: Impact multiplier and Var(ln(w)). On the left panel we have the cross-country data for a consolidation done
by decreasing G (correlation coefficient 0.35 , p-val 0.25 ), while on the right panel we have the cross-country data for a
consolidation done by increasing the labor tax (correlation coefficient -0.60 , p-val 0.03 ).

are, however, robust to considering only these 13 countries. See Table 16 in Appendix.
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In the previous section we argued that the mechanism through which

higher income risk translates into larger multipliers is through changes in the

share of credit-constrained agents. In Figure 13 this relation is documented

for the 13 economies for which we calibrate the model. Countries with a

higher standard deviation of the innovations to idiosyncratic income risk, σε,

have a smaller share of constrained agents29.

Figure 13: Percentage of agents constrained in the y-axis and variance of idiosyncratic risk on the x axis. Correlation coefficient
of -0.73 and p-value of 0.00

As argued before, the labor supply of constrained agents is less elastic with

respect to the fiscal shock, and the larger the percentage of constrained agents

the smaller the multiplier. In Figure 14 this relationship is documented for the

cross country analysis. Countries with a larger share of liquidity constrained

agents experience a smaller output drop for both spending- and tax-based

consolidations.

8 Empirical Validation of the Mechanism

In Section 3 we established that income inequality amplifies the recessive

effects of fiscal consolidations. In Section 6 we study a mechanism that leads

to this amplification effect: labor supply responds stronger in countries with

higher income inequality, leading to a larger output drop.

29Note that for our mechanism, it is post-tax income inequality that matters and the heterogeneity in
the progressivity of each country tax system adds substantial noise to the regression above, which describes
pre-tax wage income inequality. We run the regression on pre-tax wages to be consistent with the evidence
we provide in the empirical section and still find a strong and significant relationship

35



Figure 14: Impact multiplier and percentage of agents constrained. On the left panel we have the cross-country data for a
consolidation done by decreasing G (correlation coefficient -0.68 , p-val 0.01 ), while on the right panel we have the cross-country
data for a consolidation done by increasing the labor tax (correlation coefficient 0.55 , p-val 0.06 )

In this section we present two pieces of empirical evidence that supports

our mechanism. First, we use the fact that household debt and the share of

credit-constrained agents are strongly correlated in our benchmark economy. If

our mechanism is correct, the output drop in response to fiscal consolidations

should be smaller in countries with higher household debt because they

have more constrained agents. We expand the Blanchard and Leigh (2014)

regression with an interaction term between household debt and the planned

fiscal consolidation and find exactly this: household debt diminishes the

recessive effects of fiscal consolidation. The larger the household debt, the

smaller the forecast error.

Then, to test how income inequality affects the labor supply response to

fiscal consolidation programs, we use the Alesina et al. (2015a) dataset but

instead of considering GDP growth rates as our dependent variable, we use

annual hours worked per capita. We find that for countries with higher income

inequality, labor supply is more responsive to fiscal consolidation programs,

just as our mechanism suggests.

8.1 Household Debt

Blanchard and Leigh (2014) test whether pre-crisis household debt was one

of the dimensions the IMF did not take properly into consideration when

forecasting the GDP growth rates. Like all the other variables they test,
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they find that debt does not affect the forecast error. However, our mecha-

nism suggests that debt should have affected the recessive impacts of fiscal

consolidation programs. Decreasing risk, induces less precautionary savings,

which results in higher household debt and consequently in a higher share of

credit-constrained agents, as can be seen in Figure 15. Higher household debt

should, according to our model, translate into smaller multipliers.

Figure 15: The fraction of liquidity constrained agents (y-axis) and household debt level (x-axis), when changing the level of
idiosyncratic risk in the German benchmark economy.

To test whether household debt helps to explain the impacts of fiscal con-

solidation programs, besides extending Equation (1) with pre-crisis household

debt, as already done by Blanchard and Leigh (2014), we also include an

interaction term between planned fiscal consolidation and pre-crisis household

debt. The equation that we estimate is:

∆Yi,t:t+1 − Ê{∆Yi,t:t+1|Ωt} = α + βÊ{Fi,t:t+1|t|Ωt}+ γHDi,t−1+

ι((Ê{Fi,t:t+1|t|Ωt})(HDi,t−1 − µHD)) + εi,t:t+1

(27)

HDi,t−1 is here pre-crisis household debt in country i, measured as total

financial liabilities in percent of household disposable income. We use pre-

crisis household debt so that it is exogenous to the fiscal shocks and to the

output variation. Once again, we reparametrize the interaction term.

The results in Table 5 are consistent with our mechanism. The interaction

term is positive and statistically significant. Moreover, the R2 is substantially
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higher than in the specification without the interaction term, and the coefficient

associated with the planned consolidation is more negative and statistically

different from the specification without the interaction. This suggests that

during the consolidations in the European countries in 2010 and 2011, higher

pre-crisis household debt contributed to diminish the recessive effects of fiscal

consolidation programs, just as our mechanism suggests. Increasing pre-crisis

household debt by one standard deviation decreases the recessive impacts of

fiscal consolidation by 52%.

Table 5: Blanchard and Leigh (2013) Regressions Augmented with Household Debt

(1) (2) (3)
Coefficients Blanchard-Leigh Blanchard-Leigh Pre-crisis household debt Pre-crisis household debt

Consolidation -1.095*** -1.086*** -1.389***
(0.255) (0.262) (0.117)

Household Debt -0.001 -0.004
(0.006) (0.003)

Interaction 0.010***
(0.001)

Constant 0.775* 0.887 1.422***
(0.383) (0.699) (0.420)

Observations 26 25 25
R-squared 0.496 0.489 0.690

a *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses.
b The table displays the results from augmenting the regression in Blanchard and Leigh (2013) with household debt and an interaction term between
household debt and planned fiscal consolidation.

8.2 Labor Supply Responses to Fiscal Consolidation Programs

In the previous section we provide empirical evidence showing that the recessive

impact of fiscal consolidation is decreasing in the percentage of constrained

agents, just as our mechanism suggests. The only part of our mechanism

still missing validation is how the labor supply response depends on income

inequality. Remember that in our model, countries with higher income

inequality have more elastic labor supply and therefore the multiplier is larger.

To investigate how the labor supply response depends on income inequality

we use the Alesina et al. (2015a) dataset and hours worked per capita from

OECD, from 2007 until 2012. We estimate the following equation:

Hi,t = α+β1e
u
i,t+β2e

a
i,t+γIi,t−1+ι1e

u
i,t(Ii,t−1−µI)+ι2e

a
i,t(Ii,t−1−µI)+δi+ωt+εi,t

(28)

Hi,t is normalized annual hours worked per capita30 in country i in year t.

30We follow Brinca et al. (2016a) and express hours worked as a share of the working day and compute it
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The right-hand side of the equation is the same as in Equation (3). The results

are presented in Table 6 and establish that labor supply is more responsive to

fiscal consolidations in countries with higher inequality, just as our mechanism

suggests. Notice that, similar to the results in Section 3.2, it is the interaction

with the unanticipated fiscal consolidations that is statistically significant.

For a country with income inequality 1 percentage point above the sample

mean, the drop in hours worked is larger by ι1. Increasing the share of income

in the top 10% over the share in the bottom 10% by one standard deviation

causes hours worked to drop by 124% more than for a country with average

inequality.

Table 6: Regressing Labor Supply on Data from Alesina et al. (2015a)

(1) (2) (3) (4) (5) (6) (7)
Coefficients Benchmark Y25/Y75 Y20/Y80 Y10/Y90 Y5/Y95 Y2/Y98 Income Gini

β1 -0.004*** -0.003** -0.003* -0.003** -0.003*** -0.007*** -0.004**
(0.001) (0.002) (0.002) (0.001) (0.001) (0.001) (0.002)

β2 -0.004*** -0.001 -0.002 -0.006*** -0.006*** -0.004** 0.000
(0.001) (0.002) (0.002) (0.002) (0.001) (0.001) (0.003)

γ 0.319 0.191 0.100 0.026 0.023** 0.068
(0.232) (0.167) (0.068) (0.027) (0.010) (0.093)

ι1 -0.116 -0.155 -0.134*** -0.045*** -0.014** -0.029
(0.123) (0.103) (0.045) (0.015) (0.006) (0.040)

ι2 -0.266 -0.161 0.091 0.044** 0.005 -0.114
(0.206) (0.171) (0.070) (0.020) (0.006) (0.068)

Constant 0.211*** 0.188*** 0.194*** 0.196*** 0.204*** 0.204*** 0.184***
(0.001) (0.016) (0.014) (0.010) (0.007) (0.003) (0.036)

Observations 55 55 55 55 55 55 55
R-squared 0.502 0.582 0.577 0.601 0.618 0.563 0.567
Number of countries 11 11 11 11 11 11 11

a *** p<0.01, ** p<0.05, * p<0.1. Standard errors in parentheses.
b The table displays the results from estimating the regression in Equation (28) on data from Alesina et al. (2015a) and measures of income inequality
from the EU-SILC.
c Y25/Y75, Y20/Y80, Y10/Y90, Y5/Y95 and Y2/Y98 represent the share of income of the top 25%, 20%, 10%, 5% and 2% divided by the share of the
bottom 25%, 20%, 10%, 5% and 2%.

As mentioned, the mechanism relies on the labor supply of credit-constrained

agents falling much less than for unconstrained agents. Chetty (2008) shows

precisely that credit constrained agents have shorter unemployment spells,

consistent with our proposed mechanism.

by using OECD data and multiplying hours worked per employee by total employment, per capita, divided
by 5200.
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9 Replication of Blanchard and Leigh (2013)

with Model Data

In this Section we reproduce the empirical exercise in Section 3.1 using

simulated data from our model. To replicate the empirical exercise we need to

create the forecast for the output response to the fiscal shock. In Section 3.1

we follow Blanchard and Leigh (2013) and document that income inequality

was one variable that the IMF failed to properly take into consideration when

predicting the effects of fiscal consolidation programs. In Sections 6 and 7 we

establish that only the stochastic component of the income process can explain

this relationship between inequality and the effects of the fiscal consolidation.

Therefore we let our forecasts consist of the model output response to the

fiscal consolidation when shutting down the stochastic component of the

income process. In other words, we assume that the IMF had a model that

was similar to ours, except that it did not have idiosyncratic income risk31.

We then assume that the actual output response is given by our benchmark

model, which properly model income risk.

For each of the 13 economies considered here, we calibrate the consolidation

accordingly, matching them with the data on planned fiscal consolidations

used in Section 3.1. The data is reported in Table 17 in the Appendix.

Table 7: Blanchard and Leigh (2013) Regressions with Model Generated Forecast Errors for G-Consolidations

(1) (2) (3) (4) (5) (6) (7)
Coefficients Blanchard-Leigh Y25/Y75 Y20/Y80 Y10/Y90 Y5/Y95 Y2/Y98 Income Gini

G consolidation -0.610*** -0.634*** -0.654*** -0.747*** -0.879*** -0.844*** -0.623***
(0.154) (0.097) (0.095) (0.099) (0.113) (0.129) (0.123)

Inequality -0.064 -0.028 0.010 0.021 0.013 -0.097
(0.155) (0.110) (0.049) (0.027) (0.019) (0.081)

Interaction -0.073 -0.072* -0.068*** -0.063*** -0.040*** 0.002
(0.053) (0.038) (0.019) (0.017) (0.011) (0.027)

Constant -0.652* -0.321 -0.447 -0.640 -0.772 -0.723 2.283
(0.348) (0.803) (0.744) (0.647) (0.613) (0.576) (2.208)

Observations 13 13 13 13 13 13 13
R-squared 0.370 0.444 0.444 0.450 0.456 0.442 0.510

a *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses.
b The table displays the results from running the regression in Equation (2), using model generated forecast errors for spending-based consolidations.
c Y25/Y75, Y20/Y80, Y10/Y90, Y5/Y95 and Y2/Y98 represent the share of income of the top 25%, 20%, 10%, 5% and 2% divided by the share of the
bottom 25%, 20%, 10%, 5% and 2%.

The results from estimating Equation (2) for spending- and tax-based

31By assumption the IMF model had some income inequality modeled as variation in permanent abilities
but it was similar for all countries.
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consolidation, using data from the model simulations, are presented in Tables

7 and 8 respectively.32 Notice that, as in Table 1, the coefficients for the

interaction between the different measures of income inequality and both

types of consolidations indicate that the effects of fiscal consolidation are

amplified by income inequality33. The results for both the spending-based

and the tax-based consolidations are statistically significant. Regardless of

only having 13 observations and not matching any measure of labor income

inequality to calibrate the model, the results are remarkably similar to the

empirical ones presented in Section 3.1.

Just as in the empirical exercise, the implications of abstracting from

inequality are economically meaningful. A one standard deviation increase in

income inequality leads to an underestimation of the multiplier by 35% and

52%, for spending- and tax-based consolidation respectively.

Table 8: Blanchard and Leigh (2013) Regressions with Model Generated Forecast Errors for τl-Consolidations

(1) (2) (3) (4) (5) (6) (7)
Coefficients Blanchard-Leigh Y25/Y75 Y20/Y80 Y10/Y90 Y5/Y95 Y2/Y98 Income Gini

τl consolidation -2.578 -2.321*** -2.662*** -4.134*** -5.987*** -5.603*** -2.475***
(2.143) (0.656) (0.657) (0.691) (0.825) (1.134) (0.656)

Inequality -2.144*** -1.500*** -0.549** -0.189 -0.143 -0.880***
(0.524) (0.377) (0.187) (0.117) (0.089) (0.187)

Interaction -0.006 -0.219 -0.563*** -0.635*** -0.407*** 0.148
(0.341) (0.243) (0.117) (0.099) (0.092) (0.117)

Constant -4.263** 5.694* 4.208 1.389 -0.422 -0.554 22.246***
(1.508) (2.621) (2.443) (2.173) (2.065) (1.989) (5.478)

Observations 13 13 13 13 13 13 13
R-squared 0.129 0.657 0.649 0.646 0.634 0.599 0.784

a *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses.
b The table displays the results from running the regression in Equation (2), using model generated forecast errors for tax-based consolidations.
c Y25/Y75, Y20/Y80, Y10/Y90, Y5/Y95 and Y2/Y98 represent the share of income of the top 25%, 20%, 10%, 5% and 2% divided by the share of the
bottom 25%, 20%, 10%, 5% and 2%.

10 Conclusion

In this paper, we use three independent data sources and three different

empirical approaches to document a positive relationship between income

inequality and the recessive impacts of fiscal consolidation programs. Income

inequality is an important factor to account for when quantifying the impacts

of fiscal consolidation.
32Both spending- and tax-based consolidations are presented in absolute values, so an increase in both

variables translates into a stronger consolidation.
33The inequality measures reflect total income inequality, as in Section 3.1
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To explain the amplification effect that income inequality has on the

recessive impacts of fiscal consolidation programs, we develop a life-cycle,

overlapping generations economy with uninsurable labor market risk. We

calibrate the model to data from European economies and study the effects

of fiscal consolidation programs, both financed through austerity and through

taxation. We find that if cross-country differences in inequality is due to

income risk, then the model can explain the relationship between inequality

and consolidation. Differences in initial conditions, modeled as permanent

ability and the life cycle profile of wages, cannot account for the cross-country

variation in the impacts of fiscal consolidation we observe in the data.

The relationship between risk and the impact of consolidation arises

because in countries with higher income risk, agents will have higher savings

due to precautionary motives and thus there will be a smaller share of credit

constrained and low-wealth agents. These agents have less elastic labor supply

responses to expected life-time income shocks. A decrease in government

debt leads to an increase of productive capital in the economy. The marginal

product of labor (wages) in future time periods increases and this is equivalent

to a permanent positive income shock, causing labor supply and output to

fall in the short run. The response is, however, smaller in economies with

more credit constrained agents. These agents respond only to current not to

future income changes.

To show that the mechanism we propose is consistent with the data we

conduct two exercises. First, making use of the positive correlation between

household debt and credit-constrained agents, we establish that countries

with higher household debt experience a smaller output drop during a fiscal

consolidation. This is just as our mechanism suggests. Second, we show

that labor supply is more responsive to unanticipated fiscal consolidations in

countries with a higher income inequality, just as our model results suggest.

There are still many open questions regarding the fiscal policy transmission

mechanisms. Nonetheless, we present evidence showing that income inequality

is an important determinant of the impacts of fiscal consolidation programs.
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11 Appendix

11.1 Tax Function
34 Given the tax function

ya = θ0y
1−θ1

which we employ, the average tax rate is defined as

ya = (1− τ(y))y

and thus

θ0y
1−θ1 = (1− τ(y))y

and thus

1− τ(y) = θ0y
−θ1

τ(y) = 1− θ0y
−θ1

T (y) = τ(y)y = y − θ0y
1−θ1

T ′(y) = 1− (1− θ1)θ0y
−θ1

Thus the tax wedge for any two incomes (y1, y2) is given by

1− 1− τ(y2)

1− τ(y1)
= 1−

(
y2

y1

)−θ1
(29)

and therefore independent of the scaling parameter θ0. Thus by construction

one can raise average taxes by lowering θ0 and not change the progressivity of

the tax code, since (as long as tax progressivity is defined by the tax wedges)

the progressivity of the tax code35 is uniquely determined by the parameter

θ1.

34This appendix is borrowed from Holter et al. (2017)
35Note that

1− τ(y) =
1− T ′(y)

1− θ1
> 1− T ′(y)

and thus as long as θ1 ∈ (0, 1) we have that

T ′(y) > τ(y)

and thus marginal tax rates are higher than average tax rates for all income levels.
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11.2 Definition of a Transition Equilibrium after the Unantici-

pated Fiscal Consolidation Shock

We define a recursive competitive equilibrium along the transition between

steady states as follows:

Given the initial capital stock, the initial distribution of households and ini-

tial taxes, respectively K0, Φ0 and {τl, τc, τk, τss, τ̃ss}t=∞t=1 , a competitive equilib-

rium is a sequence of individual functions for the household, {Vt, ct, k′t, nt}t=∞t=1 ,

of production plans for the firm, {Kt, Lt}t=∞t=1 , factor prices, {rt, wt}t=∞t=1 , gov-

ernment transfers {gt,Ψt, Gt}t=∞t=1 , government debt, {Bt}t=∞t=1 , inheritance

from the dead, {Γt}t=∞t=1 , and of measures {Φt}t=∞t=1 , such that for all t:

1. Given the factor prices and the initial conditions the consumers’ opti-

mization problem is solved by the value function V (k, β, a, u, j) and the

policy functions, c(k, β, a, u, j), k′(k, β, a, u, j), and n(k, β, a, u, j).

2. Markets clear:

Kt+1 +Bt =

∫
ktdΦt

Lt =

∫
(nt(kt, β, a, u, j)) dΦt∫

ctdΦt +Kt+1 +Gt = (1− δ)Kt +Kα
t L

1−α
t

3. The factor prices satisfy:

wt = (1− α)

(
Kt

Lt

)α
rt = α

(
Kt

Lt

)α−1

− δ

4. The government budget balances:

gt

∫
dΦt +Gt + rtBt =∫ (

τkrt(kt + Γt) + τcct + ntτl

(
ntwt(a, u, j)

1 + τ̃ss

))
dΦt + (Bt+1 −Bt)
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5. The social security system balances:

Ψt

∫
j≥65

dΦt =
τ̃ss + τss
1 + τ̃ss

(∫
j<65

ntwtdΦt

)

6. The assets of the dead are uniformly distributed among the living:

Γt

∫
ω(j)dΦt =

∫
(1− ω(j)) ktdΦt

7. Aggregate law of motion:

Φt+1 = Υt(Φt)

11.3 Description of Data used in Sections 3, 8, and 9

The data series used in Sections 3.1 and 3.2 for the inequality measures are from

the European Union Statistics on Income and Living Conditions (EU-SILC).

The EU-SILC is a survey aiming at collecting cross-sectional and longitudinal

microdata on income, poverty, social exclusion and living-conditions. Data

collected is based on a nationally representative probability sample of the

population residing in private households within the country. Cross-sectional

data series used is gross income - total monetary and non-monetary income

received by the household before deduction of taxes.

The growth forecast error and planned fiscal consolidation series are taken

from Blanchard and Leigh (2014), who use data from the IMF’s WEO database.

The forecasts used were made for the European Economies in early 2010.

The growth forecast error consist on the difference between actual cumulative

growth in 2010-11 and the IMF forecast prepared for the April 2010 WEO.

The planned fiscal consolidation is the IMF forecast of the cumulative changes

of structural fiscal balance as percent of potential GDP, also prepared for

the April 2010 WEO. The household debt variable used in Section 6 also

comes from Blanchard and Leigh (2014), who take it from the dataset of the

April 2012 WEO chapter on household debt. Household debt consists on total

financial liabilities in percent of household disposable income.

The data series used in Section 3.3 are taken from Ilzetzki et al. (2013).

The data series consist of quarterly observations (not interpolated) on real
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government consumption, GDP, the ratio of current account to GDP, and

the real effective exchange rate for 44 countries, roughly balanced between

developed and developing economies (see Table 9 for the list of included

countries). Nominal series are deflated using a GDP deflator when available

(and CPI when not). Consumption, GDP, and exchange rate variables are

transformed by taking natural logarithms. These series are de-seasonalized

and analyzed as deviations from their quadratic trend given they exhibit strong

seasonality and are non-stationary. Data in Table 9 comes from the World

Bank’s World Development Indicators for the years of 2009 for Botswana

and Malaysia, 2010 for Australia, Canada and Israel, 2011 for Germany and

South Africa, 2012 for Belgium, Bulgaria, Croatia, Czech Republic, Denmark,

Estonia, Finland, France, Greece, Hungary, Iceland, Ireland, Italy, Latvia,

Lithuania, Mexico, Netherlands, Norway, Portugal, Slovakia, Slovenia, Spain,

Sweden and United Kingdom, and 2013 for all the other countries.

11.4 Eurosystem Household Finance and Consumption Survey

- Summary Wealth Statistics

Table 10 presents the cumulative wealth distributions for the countries in

the Eurosystem Household Finance and Consumption Survey. We include

four additional countries’ wealth distributions, from the Luxembourg Wealth

Study’s compilation of various household wealth surveys.
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Table 9: Income Inequality measures for 44 Selected Countries

Country Income Gini Y20/Y80 Y10/Y90
Argentina 0.42 9.8 19.1
Australia 0.35 5.9 10.2
Belgium 0.28 4.2 6.7
Botswana 0.61 23.1 45.0
Brazil 0.53 17.4 41.8
Bulgaria 0.36 6.9 13.7
Canada 0.34 5.8 9.5
Chile 0.51 12.3 24.4
Colombia 0.54 17.1 38.1
Croatia 0.33 5.7 9.6
Czech Republic 0.26 3.8 5.7
Denmark 0.29 4.4 8.4
Ecuador 0.47 11.5 22.8
El Salvador 0.43 9.1 16.4
Estonia 0.33 5.7 10.1
Finland 0.28 3.9 5.7
France 0.33 5.3 8.6
Germany 0.30 4.6 7.0
Greece 0.37 7.6 15.7
Hungary 0.31 4.9 8.0
Iceland 0.27 4.0 6.0
Ireland 0.33 5.3 8.3
Israel 0.43 10.3 18.4
Italy 0.35 6.7 13.8
Latvia 0.36 6.7 12.1
Lithuania 0.35 6.5 11.7
Malaysia 0.46 11.2 19.2
Mexico 0.48 11.0 20.5
Netherlands 0.28 4.2 6.6
Norway 0.26 3.8 5.8
Peru 0.45 11.3 22.3
Poland 0.33 5.2 7.8
Portugal 0.36 6.6 12.6
Romania 0.28 4.1 6.0
Slovakia 0.26 4.1 6.6
Slovenia 0.26 3.7 5.7
South Africa 0.63 27.6 57.0
Spain 0.36 7.2 15.2
Sweden 0.27 4.2 6.7
Thailand 0.38 6.5 10.1
Turkey 0.40 8.0 13.9
United Kingdom 0.33 5.4 8.5
United States 0.41 9.1 17.8
Uruguay 0.42 9.3 16.3
Sample median 0.35 6.5 10.9
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Table 10: Cumulative Distribution of Net Wealth

25% 50% 75%

HFCS samplea

Austria -1.0 2.2 18.6

France 0.1 5.4 26.2

Germany -0.4 2.7 17.9

Greece 1.1 12.5 36.7

Italy 0.9 10.2 32.4

Netherlands -2.5 5.0 30.3

Portugal 0.6 8.2 26.6

Slovakia 5.5 20.7 45.0

Spain 1.7 12.9 34.2

Other sourcesb

Czech Republicc 0.4 6.1 22.1

Iceland 0.5 7.7 27.6

Sweden -9.9 -7.8 11.5

UK -0.7 5.4 27.0

a Cumulative distribution of net wealth (survey variable
designation: DN3001 ) for a selection of countries from
the first wave of the ECB’s HFCS.
b Sourced from Luxembourg Wealth Study’s most re-
cent entry for each respective country (survey variable
designation: nw1 ).
c Sourced from the Stierli et al. (2014). We use 2009
data provided by the authors.
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11.5 Additional Figures and Tables

Table 11: Blanchard and Leigh (2013) Regressions with GDP as the Dependent Variable

Coefficients Blanchard-Leigh Y25/Y75 Y20/Y80 Y10/Y90 Y5/Y95 Y2/Y98 Income Gini

β -1.556*** -1.116** -1.078** -0.901** -0.901** -1.026*** -1.696***
(0.467) (0.441) (0.436) (0.379) (0.339) (0.339) (0.406)

γ -0.402 -0.302 -0.170 -0.039 0.019 0.286
(0.578) (0.444) (0.191) (0.053) (0.050) (0.169)

ι -0.405 -0.365 -0.229* -0.116*** -0.098** -0.000
(0.388) (0.304) (0.113) (0.036) (0.035) (0.115)

Constant 3.763*** 6.545* 6.335* 6.264** 4.938*** 3.612*** -6.990
(0.576) (3.760) (3.493) (2.578) (1.302) (1.057) (6.402)

Observations 26 26 26 26 26 26 26
R-squared 0.465 0.533 0.544 0.607 0.634 0.587 0.542

a *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses.
b The table displays the results from estimating the regression in (1) with GDP as the dependent variable.
c Y25/Y75, Y20/Y80, Y10/Y90, Y5/Y95 and Y2/Y98 represent the share of income of the top 25%, 20%, 10%, 5% and 2% divided by the share of
the bottom 25%, 20%, 10%, 5% and 2%.

Table 12: Blanchard and Leigh (2013) Regressions with Lagged Dependent Variable

Coefficients Blanchard-Leigh Y25/Y75 Y20/Y80 Y10/Y90 Y5/Y95 Y2/Y98 Income Gini

β -0.618*** -0.331* -0.340** -0.398** -0.471*** -0.458*** -0.703***
(0.143) (0.166) (0.163) (0.162) (0.165) (0.161) (0.146)

γ -0.373 -0.274 -0.112 -0.018 -0.009 0.073
(0.286) (0.215) (0.093) (0.037) (0.026) (0.075)

ι -0.200* -0.168* -0.072 -0.030 -0.032* -0.017
(0.109) (0.085) (0.043) (0.019) (0.017) (0.052)

Yit−1 1.203*** 1.231*** 1.203*** 1.106*** 1.101*** 1.092*** 1.098***
(0.222) (0.158) (0.166) (0.226) (0.257) (0.254) (0.217)

Constant -0.085 2.386 2.140 1.536 0.463 0.256 -2.734
(0.264) (1.695) (1.535) (1.151) (0.777) (0.580) (2.729)

Observations 26 26 26 26 26 26 26
R-squared 0.809 0.869 0.868 0.855 0.836 0.844 0.816

a *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses.
b The table displays the results from estimating the regression in (1) with GDP as the dependent variable.
c Y25/Y75, Y20/Y80, Y10/Y90, Y5/Y95 and Y2/Y98 represent the share of income of the top 25%, 20%, 10%, 5% and 2% divided by the share of
the bottom 25%, 20%, 10%, 5% and 2%.

Table 13: Blanchard and Leigh (2013) Regressions with Variables Winsorized at the 95th Percentile

Coefficients Blanchard-Leigh Y25/Y75 Y20/Y80 Y10/Y90 Y5/Y95 Y2/Y98 Income Gini

β -1.128*** -0.882*** -0.858*** -0.781** -0.887*** -0.861*** -1.319***
(0.349) (0.292) (0.298) (0.290) (0.271) (0.271) (0.381)

γ -0.243 -0.167 -0.024 0.063 0.056 0.287**
(0.411) (0.319) (0.143) (0.049) (0.039) (0.122)

ι -0.296 -0.290 -0.238*** -0.136*** -0.117*** -0.069
(0.317) (0.239) (0.083) (0.033) (0.027) (0.106)

Constant 0.700* 2.426 2.200 1.346 -0.228 -0.139 -9.975**
(0.388) (2.763) (2.590) (1.976) (1.098) (0.697) (4.540)

Observations 26 26 26 26 26 26 26
R-squared 0.408 0.474 0.492 0.581 0.594 0.606 0.549

a *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses.
b The table displays the results from estimating the regression in (1) with GDP as the dependent variable.
c Y25/Y75, Y20/Y80, Y10/Y90, Y5/Y95 and Y2/Y98 represent the share of income of the top 25%, 20%, 10%, 5% and 2% divided by the share of
the bottom 25%, 20%, 10%, 5% and 2%.
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Table 14: Regressions on Data from Alesina et al. (2015a) with Lagged Dependent Variable

(1) (2) (3) (4) (5) (6) (7)
Coefficients Benchmark Y25/Y75 Y20/Y80 Y10/Y90 Y5/Y95 Y2/Y98 Income Gini

β1 -0.004 0.006 0.003 -0.005 -0.006 -0.005 0.010
(0.006) (0.007) (0.007) (0.006) (0.006) (0.007) (0.007)

β2 -0.003 -0.003 -0.002 -0.001 -0.003 0.001 -0.001
(0.005) (0.007) (0.007) (0.007) (0.006) (0.006) (0.007)

γ -2.214** -1.245 0.010 0.040 0.008 -1.081***
(1.001) (0.759) (0.349) (0.136) (0.049) (0.378)

ι1 -1.517** -0.986* 0.092 0.068 -0.004 -0.557***
(0.603) (0.511) (0.234) (0.077) (0.030) (0.195)

ι2 -0.471 -0.284 -0.100 -0.015 0.024 -0.152
(0.639) (0.515) (0.246) (0.091) (0.026) (0.174)

Yit−1 -0.075 -0.132 -0.116 -0.074 -0.076 -0.082 -0.144
(0.112) (0.112) (0.114) (0.116) (0.114) (0.116) (0.108)

Constant 0.017*** 0.169** 0.121* 0.015 0.006 0.014 0.430***
(0.006) (0.069) (0.063) (0.051) (0.035) (0.015) (0.145)

Observations 84 84 84 84 84 84 84
R-squared 0.014 0.150 0.100 0.018 0.036 0.028 0.201
Number of country1 12 12 12 12 12 12 12

a *** p<0.01, ** p<0.05, * p<0.1. Standard errors in parentheses.
b The table displays the results from estimating the regression in Equation (3) on data from Alesina et al. (2015a) and measures of income inequality
from the EU-SILC.
c Y25/Y75, Y20/Y80, Y10/Y90, Y5/Y95 and Y2/Y98 represent the share of income of the top 25%, 20%, 10%, 5% and 2% divided by the share of
the bottom 25%, 20%, 10%, 5% and 2%.

Table 15: Regressions on Data from Alesina et al. (2015a), Winsorized at the 99th Percentile

(1) (2) (3) (4) (5) (6) (7)
Coefficients Benchmark Y25/Y75 Y20/Y80 Y10/Y90 Y5/Y95 Y2/Y98 Income Gini

β1 -0.001 0.006 0.004 -0.002 -0.002 -0.003 0.011
(0.006) (0.007) (0.007) (0.006) (0.006) (0.007) (0.007)

β2 -0.003 -0.003 -0.003 -0.001 -0.003 0.000 -0.001
(0.005) (0.007) (0.008) (0.007) (0.006) (0.006) (0.007)

γ -2.238** -1.245 -0.014 0.042 0.021 -1.104***
(1.018) (0.764) (0.343) (0.135) (0.050) (0.386)

ι1 -1.256* -0.743 0.119 0.062 -0.012 -0.482**
(0.644) (0.531) (0.232) (0.078) (0.030) (0.210)

ι2 -0.391 -0.250 -0.107 -0.017 0.022 -0.125
(0.647) (0.520) (0.246) (0.091) (0.026) (0.177)

Constant 0.014*** 0.167** 0.117* 0.015 0.003 0.008 0.435***
(0.005) (0.070) (0.064) (0.050) (0.034) (0.014) (0.148)

Observations 84 84 84 84 84 84 84
R-squared 0.006 0.109 0.068 0.011 0.025 0.020 0.160
Number of country1 12 12 12 12 12 12 12

a *** p<0.01, ** p<0.05, * p<0.1. Standard errors in parentheses.
b The table displays the results from estimating the regression in Equation (3) on data from Alesina et al. (2015a) and measures of income inequality
from the EU-SILC.
c Y25/Y75, Y20/Y80, Y10/Y90, Y5/Y95 and Y2/Y98 represent the share of income of the top 25%, 20%, 10%, 5% and 2% divided by the share of
the bottom 25%, 20%, 10%, 5% and 2%.
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Table 16: Blanchard and Leigh (2013) Regressions for the Countries in Section 7

(1) (2) (3) (4) (5) (6) (7)
Coefficients Blanchard-Leigh Y25/Y75 Y20/Y80 Y10/Y90 Y5/Y95 Y2/Y98 Income Gini

β -1.430*** -1.161*** -1.170*** -1.204*** -1.286*** -1.259*** -1.378***
(0.182) (0.131) (0.134) (0.172) (0.164) (0.176) (0.204)

γ -0.490 -0.303 -0.033 0.031 0.048 0.365**
(0.750) (0.534) (0.165) (0.034) (0.046) (0.120)

ι -0.122 -0.119 -0.073 -0.039* -0.040** -0.053
(0.187) (0.134) (0.047) (0.017) (0.017) (0.063)

Constant 1.207* 4.304 3.553 1.712 0.616 0.228 -12.831**
(0.567) (5.167) (4.552) (2.709) (1.233) (0.840) (4.458)

Observations 13 13 13 13 13 13 13
R-squared 0.715 0.755 0.750 0.736 0.736 0.748 0.919

a *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses.
b The table displays the results from estimating the regression in (1) just for the countries in Section 7. These are the countries for which we have
enough data to calibrate the model.
c Y25/Y75, Y20/Y80, Y10/Y90, Y5/Y95 and Y2/Y98 represent the share of income of the top 25%, 20%, 10%, 5% and 2% divided by the share of
the bottom 25%, 20%, 10%, 5% and 2%.
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Figure 16: Impact multiplier for the G-consolidation (left panel) and for the τl-consolidation (right panel) for different
combinations of variance of ability and risk on the x-axis, keeping variance of log wages constant. The variance of ability is
increasing from left to right. When the variance of ability is zero, all inequality is due to risk, which is calibrated to keep the
variance of log wages at the benchmark value. When the variance of risk is zero, all inequality is due to the variance of ability,
which is calibrated to match the variance of log wages.

Table 17: Actual Fiscal Consolidation for Selected Countries.

Country Actual Consolidation
Austria 1.0
Czech Republic 2.1
France 1.2
Germany 0.3
Greece 10.3
Iceland 4.0
Italy 0.2
Netherlands 0.1
Portugal 2.7
Spain 1.5
Slovakia 2.0
Sweden 0.9
UK 3.0

The Table displays actual fiscal consolidations undertaken during the years 2010-2011.
Positive values represent a consolidation. All values are in percentage of GDP.
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Table 19: Country-specific Paramater Values
Estimated by SMM

Country β1 β2 β3 χ b σu ϕ

Austria 0.959 1.003 0.964 14.40 0.00 0.176 4.30

Czech Republic 0.999 1.041 0.996 21.00 0.00 0.145 11.70

France 0.957 1.013 0.990 18.03 0.25 0.506 3.24

Germany 0.952 0.997 0.952 16.93 0.09 0.439 3.60

Greece 0.989 0.997 0.969 16.50 0.00 0.121 3.70

Iceland 0.962 0.996 0.962 7.53 0.08 0.294 9.60

Italy 0.992 1.016 0.984 20.30 0.00 0.237 6.00

Netherlands 0.942 0.986 0.973 14.75 0.15 0.263 2.98

Portugal 0.960 0.991 0.960 11.50 0.00 0.380 5.20

Spain 0.970 0.997 0.983 24.47 0.00 0.237 5.00

Slovakia 0.984 0.993 0.984 20.40 0.00 0.326 7.20

Sweden 0.917 0.971 0.944 9.40 0.33 0.407 2.20

UK 0.939 0.968 0.939 12.40 0.10 0.379 4.90

Table 20: Parameters Held Constant across Countries

Parameter Value Description Source
Preferences
η 1 Inverse Frisch Elasticity Trabandt and Uhlig (2011)
σ 1.2 Risk aversion parameter Literature

Technology
α 0.33 Capital share of output Literature
δ 0.06 Capital depreciation rate Literature
ρ 0.335 u′ = ρu+ ε, ε ∼ N(0, σ2

ε ) PSID 1968-1997
σa 0.423 Variance of ability European economies average from Brinca et al (2016)
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