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Three key challenges for tax policy in the 21st century

• Inequality

• Climate change

• Infrastructure
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Common goods and distribution: main research questions

atmosphere infrastructure

I. What are the distributional effects of different policies that
regulate common goods?

II. What are the implications of these policies on the output of
an economy?

III. Can these policies be designed to be distribution-neutral or
progressive (without harming growth)?
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Methods: new models of household heterogeneity

To evaluate different policy designs for regulating use and supply of common
goods.

Part I - the atmosphere
Extend optimal income and externality taxation models to

• include substitution effects between production factors.

• account for micro-facts on spending behavior of different income classes.

Part II - infrastructure

• New micro-founded models of saving heterogeneity.

• Reminiscent of Kaldorian two-class models but entirely neoclassical.

⇒ Accounting for these types of heterogeneity is central for deriving new
insights on common good policies.
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Results

Main findings

• Infrastructure investment and climate policy can always be designed
to be distribution-neutral.

• Identify conditions under which these policies are

• inequality-reducing,
• output-enhancing.

Main policy implication

• Distributional considerations do not justify less stringent climate or
infrastructure policies.

• By contrast, they might even provide an additional reason for
stricter climate policy and increased public investment in
infrastructure.
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Outline of the thesis

1 Introduction

Part One: The atmosphere as a common good

2 How to make a carbon tax reform progressive: The role of subsistence
consumption

3 Carbon taxation, inequality and Engel’s law – The double dividend of
redistribution

4 The fiscal benefits of climate policy: an overview

Part Two: Infrastructure and inequality

5 Distributional effects of public investment when wealth and classes are
back

6 Infrastructure and inequality: Insights from incorporating key economic
facts about household heterogeneity

7 Is capital back? The role of land ownership and saving behavior

8 Synthesis and outlook
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I. The atmosphere as a common good
Based on:
Klenert, D. and L. Mattauch (2016). How to make a carbon tax reform
progressive: The role of subsistence consumption. Economics Letters,
138, 100-103. [Ch.2]
and
Klenert, D., Schwerhoff, G., Edenhofer, O. and L. Mattauch (2016).
Environmental taxation, inequality and Engel’s law – The double dividend
of redistribution. Environmental and Resource Economics, accepted for
publication. [Ch. 3]
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Engel’s law for carbon intensive goods

Why is carbon pricing considered regressive?

Engel’s Law: “the poorer a family, the bigger the share of its total
expenditure that it must spend on food”

Q1 Q2 Q3 Q4 Q5

Food & alcohol 17.1 14.4 13.6 10.9 7.4

Energy (electricity, 8.6 5.5 3.9 2.8 2.5
natural gas, w/o transport)

In % of total expenditure. U.S. data adapted from Grainger and Kolstad (2010)

⇒ There also is an Engel’s law for energy – existence of subsistence level
(in developed countries).
⇒ Pricing carbon would hit poorer households disproportionally hard.
⇒ Popular argument against carbon pricing.
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Part I: Research questions and method

Research questions

• Can the inequality-increasing effect of carbon taxes be offset
by the recycling of the tax revenue?

• What is the effect of different recycling schemes on the
optimal carbon tax rate?

• How do the recycling schemes compare in terms of equity and
efficiency?

Methods

• Model with N households that differ in their skill level φi.

• Account for subsistence level of carbon-intensive goods.

• Compare different revenue recycling schemes.
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Analytical model [Ch. 2]

Households
Maximize V (Ci, Di −D0, li),
s.t. Ci · pC +Di · pD · (1 + τ) = Ii + L, with i = 1, .., N.
Income: Ii ∝ φi.

Firms
Linear production technology ⇒ constant prices.

Government
An exogenous increase ∆τ in the tax on the dirty good D can be
redistributed to the households via

• uniform cash transfers: ∆τpD
∑N

i=1Di = NL.

• linear income tax cuts: ∆τpD
∑N

i=1Di =
∑N

i=1 φiw(1− li)τw.

...here: C clean consumption, D dirty consumption, D0 subsistence level of consumption, l leisure, φ skill level,
pC and pD prices of clean and dirty good respectively, w wage rate, τ carbon tax, τw labor tax, I income, L
lump-sum payment.

11



Motivation Overview I. The atmosphere II. Infrastructure Conclusions

Analytical model [Ch. 2]

Households
Maximize V (Ci, Di −D0, li),
s.t. Ci · pC +Di · pD · (1 + τ) = Ii + L, with i = 1, .., N.
Income: Ii ∝ φi.

Firms
Linear production technology ⇒ constant prices.

Government
An exogenous increase ∆τ in the tax on the dirty good D can be
redistributed to the households via

• uniform cash transfers: ∆τpD
∑N

i=1Di = NL.

• linear income tax cuts: ∆τpD
∑N

i=1Di =
∑N

i=1 φiw(1− li)τw.

...here: C clean consumption, D dirty consumption, D0 subsistence level of consumption, l leisure, φ skill level,
pC and pD prices of clean and dirty good respectively, w wage rate, τ carbon tax, τw labor tax, I income, L
lump-sum payment.

11



Motivation Overview I. The atmosphere II. Infrastructure Conclusions

Analytical model [Ch. 2]

Households
Maximize V (Ci, Di −D0, li),
s.t. Ci · pC +Di · pD · (1 + τ) = Ii + L, with i = 1, .., N.
Income: Ii ∝ φi.

Firms
Linear production technology ⇒ constant prices.

Government
An exogenous increase ∆τ in the tax on the dirty good D can be
redistributed to the households via

• uniform cash transfers: ∆τpD
∑N

i=1Di = NL.

• linear income tax cuts: ∆τpD
∑N

i=1Di =
∑N

i=1 φiw(1− li)τw.

...here: C clean consumption, D dirty consumption, D0 subsistence level of consumption, l leisure, φ skill level,
pC and pD prices of clean and dirty good respectively, w wage rate, τ carbon tax, τw labor tax, I income, L
lump-sum payment.

11



Motivation Overview I. The atmosphere II. Infrastructure Conclusions

Results from analytical model [Ch.2]
Proposition
The incidence of a tax on polluting good consumption is

a progressive, if revenues are redistributed with uniform lump-sum
transfers.

b regressive, if revenues are redistributed through linear reductions in
income taxes.
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From Chapter 2 to Chapter 3

• Do the results change if revenue recycling through non-linear tax
cuts is enabled?

• What about optimal policies?

• What is the role of substitution effects between different production
factors on the firm-side?

⇒ Chapter 3 uses numerical methods to include: firm-side effects, an
optimizing government that sets uniform lump-sum transfers, carbon and
non-linear income taxes optimally.
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Extending the model

Firm

• CES production function with pollution and labor as inputs.

• Price on dirty production input (τZ) is set by the government.

• Substitution effects between production factors (Fullerton et al., 2001; Dissou and

Siddiqui, 2014).

Government

• Household i’s utility now depends on the environment E: V (Ci, Di, li, E).

• Max. W =
∑N
i=1 V (Ci, Di, li, E) s.t. FOCs of households and firms,

• budget constraint: G = −NL+
∑N
i=1 τw,iφiw(T − li) + τZ

∑
k Zk,

• incentive constraint: Ui ≥ U ji , where U ji is the utility of household i
pretending to be household j.

...here: W welfare, E environment, G government spending, T initial time endowment.

14



Motivation Overview I. The atmosphere II. Infrastructure Conclusions

Extending the model

Firm

• CES production function with pollution and labor as inputs.

• Price on dirty production input (τZ) is set by the government.

• Substitution effects between production factors (Fullerton et al., 2001; Dissou and

Siddiqui, 2014).

Government

• Household i’s utility now depends on the environment E: V (Ci, Di, li, E).

• Max. W =
∑N
i=1 V (Ci, Di, li, E) s.t. FOCs of households and firms,

• budget constraint: G = −NL+
∑N
i=1 τw,iφiw(T − li) + τZ

∑
k Zk,

• incentive constraint: Ui ≥ U ji , where U ji is the utility of household i
pretending to be household j.

...here: W welfare, E environment, G government spending, T initial time endowment.

14



Motivation Overview I. The atmosphere II. Infrastructure Conclusions

Extending the model

Firm

• CES production function with pollution and labor as inputs.

• Price on dirty production input (τZ) is set by the government.

• Substitution effects between production factors (Fullerton et al., 2001; Dissou and

Siddiqui, 2014).

Government

• Household i’s utility now depends on the environment E: V (Ci, Di, li, E).

• Max. W =
∑N
i=1 V (Ci, Di, li, E) s.t. FOCs of households and firms,

• budget constraint: G = −NL+
∑N
i=1 τw,iφiw(T − li) + τZ

∑
k Zk,

• incentive constraint: Ui ≥ U ji , where U ji is the utility of household i
pretending to be household j.

...here: W welfare, E environment, G government spending, T initial time endowment.

14



Motivation Overview I. The atmosphere II. Infrastructure Conclusions

Main results I

Compare the tax system before and after an optimal carbon tax reform.

(a) Optimal initial tax system

• Regressive effects of
carbon tax more than
offset by revenue
recycling.

• Most revenue is recycled
through uniform cash
transfers.

• Recycling through income
tax cuts is not superior
to uniform lump-sum
transfers. ⇒ no weak
Double Dividend occurs.
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Main results II

(b) Non-optimal initial tax system

• Model calibrated to U.S.
economy.

• Compare three recycling
options.

• Recycling through uniform
transfers or non-linear tax cuts
reduces inequality.

• Non-linear tax cuts
simultaneously enhance output.

⇒ Double Dividend of
Redistribution

• More progressive recycling
yields higher optimal carbon
taxes.

16
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II. Infrastructure and inequality
Based on:
Mattauch, L., Edenhofer, O., Klenert, D. and S. Bénard (2016).
Distributional Effects of Public Investment when Wealth and Classes are
Back: Distributional Effects of Public Investment. Metroeconomica,
67(3), 603-629. [Ch. 5]
and
Klenert, D., Mattauch, L., Edenhofer, O. and K. Lessmann (2016).
Infrastructure and Inequality: Insights from Incorporating Key Economic
Facts about Household Heterogeneity. Macroeconomic Dynamics, first
view. doi:10.1017/S1365100516000432. [Ch. 6]
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Meta-studies on infrastructure provision

Infrastructure is underprovided

• Estimated returns to public
investment in infrastructure
are higher than estimated
costs.

(Bom and Ligthart, 2014; OECD, 2007;Romp
and Haan, 2007)

• World Economic Forum

estimated the infrastructure

funding gap in 2013 to be

around 1 trillion US$ per

year.
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Wealth inequality and household heterogeneity
U.S. wealth is very unequally distributed

What drives this wealth distribution?

• Saving motive: wealthy households ⇒ dynastic, poorer households ⇒
life-cycle (Attanasio, 1994; Dynan et al., 2004; Browning and Lusardi, 1996).

• Income source: share of labor income decreases with wealth (Quadrini,
1997; Diaz-Gimenez et al., 2011; Wolff, 1998).

• Patience: time preference rate decreases with wealth (Lawrance, 1991;
Green et al., 1996; Saez & Zucman, 2016).

⇒ Develop a two-class model with heterogeneous saving motives, income
sources and time preference rates

19
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Green et al., 1996; Saez & Zucman, 2016).

⇒ Develop a two-class model with heterogeneous saving motives, income
sources and time preference rates
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Research questions and previous work

Research questions

• Can public investment be financed in a Pareto-improving way?

• What are the equity and efficiency implications of financing public
investment through capital income-, labor income- and consumption
taxes?

Previous studies
(Alesina and Rodrik, 1994; Chatterjee and Turnovsky, 2012; Glomm and Ravikumar, 1994)

• . . . use mainly models with heterogeneity in initial endowments.

• This ignores important distributional channels of public investment,

• and leads to the finding that public investment is almost always
distribution-neutral or regressive.
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Analytical model [Ch. 5]

Capitalist (dynastic)

max
Cc,t,Kc,t

tfinal∑
t=0

1

(1 + ρc)t
U(Cc,t)

subject to
Kc,t+1 −Kc,t = (1− τk)rtKc,t − (1 + τc)Cc,t.

Worker (life-cycle saver)

max
Cy,Co,S

U(Cy,t) +
1

(1 + ρm)
U(Co,t+1).

subject to
(1− τw)wtL = (1 + τc)Cy,t + St and

(1 + (1− τk)rt+1)St = (1 + τc)Co,t+1.

...with Capitalist: Kc,t capital stock, Cc,t: consumption, ρc: time preference rate. Worker: St: capital stock,
Cy,t, Co,t: consumption when young and old, L: labor (fixed), ρw : time preference rate. rt: interest rate,
τk, τw, τc: capital income, labor income and consumption tax rates, wt: wage rate.
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Analytical model: firm, government and steady state

Firm

F (Kt, L) = Kβ
G,t

(
Kα
t L

1−α) ,
with Kt = Kc,t + St−1.

Government

KG,t+1 −KG,t = [tax revenue]− δGKG,t.

Steady state

• The steady-state interest is given by: r̃ = ρc/(1− τk).
• Pasinetti (1962) Paradox: capitalists determine the size of the total

stock of private capital; workers determine each group’s share of capital.

...with δG: depreciation of public capital, KG,t: public capital stock, α: private capital share, β: efficiency factor
of public capital.
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Analytical insights [Ch. 5]

Assumptions: • logarithmic utility

• labor exogenous

Propositions

1. Capital tax-financed public investment reduces wealth inequality.

2. Workers prefer a higher capital tax rate than capitalists.

3. There exists a Pareto-improving range of capital tax rates.
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Numerical results I [Ch. 6]

Numerical solution

• more complex functional forms,

• more sophisticated measures of inequality in wealth, welfare and
income,

• endogenous labor → labor and consumption tax financing,

• utility-enhancing public capital.

Efficiency

• Labor- and consumption tax financing is more efficient than capital
tax financing.

⇒ capital taxation disincentivizes capital accumulation
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Numerical results II [Ch. 6]

Distribution

• Labor tax-financing increases
inequality.

• Consumption tax-financing is
distribution-neutral.

Robustness
Results hold

• for both steady state convergence/endogenous growth

• for different/identical time preference rates.

• independent of the role public capital plays.
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Conclusions

Based on:
Chapter 1 and Chapter 8.
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Summary

I. Environmental policy

• The regressive effect of carbon taxes can be offset completely by the
recycling of its revenue.

• Such a policy can greatly reduce inequality and enhance output if
the tax system before the reform was sub-optimal.

II. Infrastructure policy

• Small increases in public investment enhance output for all financing
mechanisms.

• The distributional effects of this policy, however, depend crucially on
the financing mechanisms: a capital tax is progressive, a
consumption tax is neutral and a labor tax is regressive.
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Equity and Efficiency in the presence of common goods

• Unregulated common goods tend to be undersupplied or overused.

• Common goods represent a type of economic externality.

• Traditional approach: equity and efficiency should be treated
separately.

• Does not apply in my thesis: Regulating common goods
interacts with the distribution.

This thesis demonstrates that

• political regulation of common goods can be designed such that
inequality is reduced or remains constant,

• without harming efficiency.

⇒ additional rationale for stricter environmental regulations and
increased public investment.
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Policy implications

“[W]e should view with suspicion results that depend critically on very
strong homogeneity or rationality assumptions.” Diamond and Saez (2011, p. 166).

I. We live in a second-best world in which most standard results do
not apply.

II. Accounting for micro-founded types of household heterogeneity
yields fresh insights on second-best problems.
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Thank you for your attention.

30



References I
• Alesina, A., & Rodrik, D. (1994). Distributive Politics and Economic Growth. The Quarterly Journal of

Economics, 109(2), 465-490.• Attanasio, O.P. (1994) Personal saving in the United States. In J.M. Poterba (ed.), International
Comparisons of Household Saving, pp. 57-124. Chicago: University of Chicago Press.• Browning, M. and A. Lusardi (1996) Household saving: Micro theories and micro facts. Journal of
Economic Literature 34(4), 1797-1855.• Chatterjee, S. and S.J. Turnovsky (2012) Infrastructure and inequality. European Economic Review 56,
1730-1745.• Chiroleu-Assouline, M., & Fodha, M. (2014). From regressive pollution taxes to progressive environmental
tax reforms. European Economic Review, 69, 126-142.• Cremer, H., Gahvari, F., & Ladoux, N. (1998). Externalities and optimal taxation. Journal of Public
Economics, 70(3), 343-364.• Diamond, P. and E. Saez (2011) The case for a progressive tax: From basic research to policy. Journal of
Economic Perspectives 25(4), 165-190.• Diaz-Gimenez, J., A. Glover, and J.-V. Rios-Rull (2011) Facts on the distributions of earnings, income, and
wealth in the United States: 2007 Update. Federal Reserve Bank of Minneapolis Quarterly Review 34(1).• Dissou, Y., Siddiqui, M. S., (2014). Can carbon taxes be progressive? Energy Economics 42, 88-100.• Dynan, K.E., J. Skinner, and S.P. Zeldes (2004) Do the rich save more? Journal of Political Economy
112(2), 397-444.• Fullerton, D., Hong, I., Metcalf, G. E., (2001) A Tax on Output of the Polluting Industry is not a Tax on
Pollution. The Importance of Hitting the Target. In: Carraro, C., Metcalf, G. E. (Eds.), Behavioral and
Distributional Effects of Environmental Policy, pp. 13-44, University of Chicago Press.• Fullerton, D., & Monti, H. (2013). Can pollution tax rebates protect low-wage earners? Journal of
Environmental Economics and Management, 66(3), 539-553.• Glomm, G., & Ravikumar, B. (1994). Growth-Inequality Trade-Offs in a Model with Public Sector R&D.
The Canadian Journal of Economics, 27(2), 484-493.• Grainger, C. a., & Kolstad, C. D. (2010). Who Pays a Price on Carbon? Environmental and Resource
Economics, 46(3), 359-376.• Green, L., J. Myerson, D. Lichtman, S. Rosen, and A. Fry (1996) Temporal discounting in choice between
delayed rewards: The role of age and income. Psychology and Aging 1, 79-84.• Jacobs, B., & De Mooij, R. a. (2015). Pigou meets Mirrlees: on the irrelevance of tax distortions for the
second-best Pigouvian tax. Journal of Environmental Economics and Management, 71, 90-108.

31



References II

• Lawrance, E.C. (1991) Poverty and the rate of time preference : Evidence from panel data. Journal of
Political Economy 99(1), 54-77.

• OECD (2011) Divided We Stand - Why Inequality Keeps Rising - Report

• Pasinetti, Luigi L. (1962). Rate of profit and income distribution in relation to the rate of economic
growth. Review of Economic Studies 29(4), 267-279.

• Piketty, T. (2014). Capital in the 21st Century. Cambridge: Harvard University Press.

• Piketty, T., & Zucman, G. (2014). Capital is back: Wealth-Income Rations in Rich Countries 1700-2010.
Quarterly Journal of Economics, 129(3), 1255-1310.

• Quadrini, V. (1997) Understanding the U. S. distribution of wealth. Federal Reserve Bank of Minneapolis
Quarterly Review 21(2), 22-36.

• Saez, E. & Zucman, G. (2016) Wealth inequality in the United States since 1913: Evidence from
capitalized income tax data. Quarterly Journal of Economics, 131(2), 519-578.

• The Economist (2014), America’s crumbling infrastructure – Bridging the gap, June 28th 2014.

• Wolff, E. N. (1998) Recent trends in the size distribution of household wealth. Journal of Economic
Perspectives 12(3), 131-150.

• Wolff, E. N. (2010). Recent trends in household wealth in the United States: Rising debt and the
middle-class squeeze – an update to 2007. The Levy Economics Institute Working Paper Collection 589.

32


	Motivation
	Overview
	I. The atmosphere 
	II. Infrastructure 
	Conclusions

