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Common approach to climate change economics

Stern Review (2007):

• “Climate change is the greatest market
failure the world has ever seen”

• “The externality requires a price for
emissions: that is the first task of
mitigation policy.”
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Contribution of my thesis

• Departure from common approach to frame climate change as
pollution problem.

• Instead, take a public finance perspective on climate policy,
taking into account that governments have to

raise public revenue
in times of international tax competition,

finance public expenditures
in times of underprovision of public goods,

distribute income and wealth equitably,
in times of rising inequality.
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Contribution of my thesis: Main results

• Rent taxation
is crucial for fiscal and environmental policy.

• Distributional concerns
can be addressed with optimally designed policy instruments.
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Overview: Main research questions

I International tax competition

Ch. 2 Are carbon taxes more efficient than capital taxes to raise
public revenue and finance public expenditures?

Ch. 3 If a government implements carbon taxes, how should it deal
with distributional impacts on workers in polluting sectors?

II National wealth distribution

Ch. 4 What is the scope of action for a government to redistribute
wealth without sacrificing macroeconomic output?

III Discussion

Ch. 5 Beneficial interactions between climate and fiscal policy
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Overview: Research papers

I International tax competition

Ch. 2 Franks, Edenhofer, Lessmann. 2015. Why finance ministers favor
carbon taxes, even if they do not take climate change into account.
Published in Environmental and Resource Economics online first.

Ch. 3 Schwerhoff, Franks. 2016. Optimal environmental taxation with
capital mobility. Submitted to Fiscal Studies.

II National wealth distribution

Ch. 4 Franks, Klenert, Schultes, Lessmann, Edenhofer. 2016. Is capital
back? The role of land ownership and savings behavior. Submitted
to Macroeconomic Dynamics.

III Discussion

Ch. 5 Siegmeier, Mattauch, Franks, Klenert, Schultes. 2016. A public
finance perspective on climate policy: Six interactions that may
enhance welfare. FEEM Working Paper
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CHAPTER 2

Why finance ministers favor carbon taxes, even if they do not
take climate change into account.
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Capital mobility leading to tax competition and
tighter budgets

Source: Benassy-Quere et al. (2010, Fig. 7.17)
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Demand for public expenditures, e.g. infrastructure
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Research questions

• Can carbon taxes finance infrastructure more efficiently
than capital taxes when input factors are mobile?

• If carbon taxes finance infrastructure,
how do resource exporters react?

,
Max Franks 9/31



CHAPTER 2

Motivation and research questions

Model description

Key results
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Model description

• Ramsey model of decentralized economy

• Strategically interacting governments

• Optimal policy instruments in Nash equilibrium

• International factor markets

• Resource extraction based on Hotelling model

• Numerical solution
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Government:

max
τK ,τR

W =
T∑

t=0

Lt
U(C/L)

(1 + ρ)t

IG + Tax transfer = rτKK + τRR

Gt+1 = Gt(1− δ) + IG
t

Firm:

max
K ,R,L

ΠF = F (K ,G ,R, L)− r(1 + τK )K − (p + τR )R − wL

=⇒ FK = r(1 + τK ), FR = p + τR , FL = w

Household:

max
C/L

W =
T∑

t=0

U(Ct/Lt)

(1 + ρ)t
,

Ct + It = wtLt + rtKt + ΠF
t + Tax transfer

t

Details on Slide 39
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Resource exporter: Resource market: Capital market:

max
Rt

T∑
t=0

ptRt − ct∏t
s=0(1 + rs )

R supply =
∑

j

Rdemand
j

p = pj ∀j

∑
j

K supply
j =

∑
j

K demand
j

r = rj ∀j
,
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Details in appendix, Slide 37
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CHAPTER 2

Motivation and research questions

Model description

Key results
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Results: Carbon tax more efficient
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Finance ministers satisfied:
Infrastructure financed, tax competition reduced.

Environmental ministers concerned:
What about carbon emissions?
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Results: No green paradox
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Results: No green paradox

• Condition for green paradox to arise:

γτR
> r

(cf. Edenhofer and Kalkuhl, 2011).

• Here, for the optimal carbon tax path,
the condition is not met:

year τR [$/tC] γτR r

2010 77 0.000 0.039
2020 124 0.049 0.069
2030 194 0.043 0.067
2040 277 0.034 0.063
2050 369 0.028 0.061
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Discussed so far (Chapter 2):
Efficiency of unilateral carbon taxes.

What about distributional impacts of unilateral carbon taxes
on workers in polluting sectors? (Chapter 3)
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Model details: Backup slide 55
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Results: Distributional impacts

1. Under unilateral carbon taxes, capital mobility increases
inequality:

|W(N)−W(E )|capital mobility > |W(N)−W(E )|autarky

2. Labor tax cuts for the polluting sector are more efficient than
carbon tax cuts, because they don’t undermine the
environmental goal.

,
Max Franks 19/31



Results: Distributional impacts

1. Under unilateral carbon taxes, capital mobility increases
inequality:

|W(N)−W(E )|capital mobility > |W(N)−W(E )|autarky

2. Labor tax cuts for the polluting sector are more efficient than
carbon tax cuts, because they don’t undermine the
environmental goal.

,
Max Franks 19/31



Results: Distributional impacts

1. Under unilateral carbon taxes, capital mobility increases
inequality:

|W(N)−W(E )|capital mobility > |W(N)−W(E )|autarky

2. Labor tax cuts for the polluting sector are more efficient than
carbon tax cuts, because they don’t undermine the
environmental goal.

,
Max Franks 19/31



So far:
Efficiency and equity of unilateral carbon taxes
in international setting.

Next:
Distribution of wealth in a national setting.
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CHAPTER 4

Is capital back?
The role of land ownership and savings behavior.
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New stylized facts about inequality

1. Wealth concentration is increasing.

2. Bequests are increasing.

3.

Source: Saez and Zucman (2016)
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3. Land prices drive evolution of wealth.

Multiples of GDP (France), source: Homburg (2015)
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Research questions

Given the new stylized facts on wealth concentration, bequests,
and land prices:

1. How are national output and the wealth distribution affected

by different revenue raising options?

by different public expenditure options?

2. Can governments redistribute wealth without sacrificing
output?
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CHAPTER 4

Motivation and research questions

Model description

Key results
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Model description

• General equilibrium

• Overlapping generations

• Wealth disaggregated into land and capital

• Savings disaggregated into life-cycle and bequest components

• Heterogeneous preferences yield unequal wealth distribution

• Numerical solution (calibration to average OECD data, cf. Slide 75)
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Model: Heterogeneous households

Each household i , born in t optimizes utility

ui (cy
i,t , c

o
i,t+1, bi,t+1) =

(cy
i,t)1−η

1− η
+ µi

(co
i,t+1)1−η

1− η
+ βi

(bi,t+1(1− τB ))1−η

1− η

subject to the budget equations

cy
i,t + ai,t+1 + pt li,t+1 = wt + bi,t(1− τB )

co
i,t+1 + bi,t+1 = ai,t+1

[
1 + Rt+1(1− τK )

]
+ li,t+1

[
pt+1 + qt+1(1− τL)

]
where
ai = capital assets, p = land price,
li = land holdings, q = land rent.
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Model: Heterogeneous households

Household’s FOCs for i ∈ {1, ...,N} and t ∈ {1, ...,T − 1}.

ucy
i,t

uco
i,t+1

= rt+1 (1)

ubi
= uco

i
(2)

pt+1 + qt+1(1− τL)

pt
= 1 + Rt+1(1− τK ) =: rt+1. (3)
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Model: Firm

Firm:

f (kt , l) = A(αkσt + γlσ + 1− α− γ)
1
σ CES-function

FOCs:

Rt = fk (kt , l)

qt = fl (kt , l)

wt = f (kt , l)− Rtkt − qt l
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CHAPTER 4

Motivation and research questions

Model description

Key results
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Results: Option space for policy
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Are output neutral tax reforms possible?
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Results: Output neutral tax reforms
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Results: Why do all taxes reduce inequality?

(1− τB)bi ,t + wt = cy
i ,t +

co
i ,t+1 + bi ,t+1

rt+1(τK , τL)
Budget equation

• The rich receive greater fraction of income from bequests.

• τL and τK reduce return on savings for all households,

=⇒ τL and τK discourage savings and reduce bequests.

• τB reduces income (especially of the rich),

• the rich provide less capital, interest rate increases.

=⇒ The poor save more. (Detailed data in backup, Slide 67)
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So far:
Impact of different public revenue raising options.

But what about public expenditures?
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Results: Revenue recycling
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Results: Revenue recycling

• Transfering tax revenues to the old reduces output and
increases inequality.

• This is due to the
a) missing capital problem (the young cannot invest)
b) missing incentive problem (the young prefer not to invest)
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Synthesis & Outlook

Rents, Taxes, and Distribution.
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Synthesis

1. Rent taxation is crucial for fiscal and environmental policy.

Carbon taxes appropriate resource rents,
which may finance infrastructure investments
and reduce harmful tax competition.

Taxes on rents from fixed factors induce portfolio effects,
which can stimulate investment in productive capital.

2. Distributional concerns can be addressed with optimally
designed policy instruments.

Polluting sectors should be compensated with labor tax cuts
(and not carbon tax exemptions).

Using land rent and bequest taxes governments have significant
freedom to redistribute wealth without sacrificing output.
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Outlook

• “Climate change is the greatest market failure the world has
ever seen” (Stern, 2007).

• Reaching the 2◦C goal requires a large scale transformation of
our economies.

• The interactions of the environmental and other fiscal goals
are likely to be substantial:

Potentially large public revenue streams from climate policy
Large scale restructuring of public expenditures
Distributional impacts of climate policy

• For sound policy advice, need to take interactions into
account.

,
Max Franks 31/31



Outlook

• “Climate change is the greatest market failure the world has
ever seen” (Stern, 2007).

• Reaching the 2◦C goal requires a large scale transformation of
our economies.

• The interactions of the environmental and other fiscal goals
are likely to be substantial:

Potentially large public revenue streams from climate policy
Large scale restructuring of public expenditures
Distributional impacts of climate policy

• For sound policy advice, need to take interactions into
account.

,
Max Franks 31/31



Outlook

• “Climate change is the greatest market failure the world has
ever seen” (Stern, 2007).

• Reaching the 2◦C goal requires a large scale transformation of
our economies.

• The interactions of the environmental and other fiscal goals
are likely to be substantial:

Potentially large public revenue streams from climate policy
Large scale restructuring of public expenditures
Distributional impacts of climate policy

• For sound policy advice, need to take interactions into
account.

,
Max Franks 31/31



Outlook

• “Climate change is the greatest market failure the world has
ever seen” (Stern, 2007).

• Reaching the 2◦C goal requires a large scale transformation of
our economies.

• The interactions of the environmental and other fiscal goals
are likely to be substantial:

Potentially large public revenue streams from climate policy

Large scale restructuring of public expenditures
Distributional impacts of climate policy

• For sound policy advice, need to take interactions into
account.

,
Max Franks 31/31



Outlook

• “Climate change is the greatest market failure the world has
ever seen” (Stern, 2007).

• Reaching the 2◦C goal requires a large scale transformation of
our economies.

• The interactions of the environmental and other fiscal goals
are likely to be substantial:

Potentially large public revenue streams from climate policy
Large scale restructuring of public expenditures

Distributional impacts of climate policy

• For sound policy advice, need to take interactions into
account.

,
Max Franks 31/31



Outlook

• “Climate change is the greatest market failure the world has
ever seen” (Stern, 2007).

• Reaching the 2◦C goal requires a large scale transformation of
our economies.

• The interactions of the environmental and other fiscal goals
are likely to be substantial:

Potentially large public revenue streams from climate policy
Large scale restructuring of public expenditures
Distributional impacts of climate policy

• For sound policy advice, need to take interactions into
account.

,
Max Franks 31/31



Outlook

• “Climate change is the greatest market failure the world has
ever seen” (Stern, 2007).

• Reaching the 2◦C goal requires a large scale transformation of
our economies.

• The interactions of the environmental and other fiscal goals
are likely to be substantial:

Potentially large public revenue streams from climate policy
Large scale restructuring of public expenditures
Distributional impacts of climate policy

• For sound policy advice, need to take interactions into
account.

,
Max Franks 31/31



THANK YOU!
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Appendix: Overview

• General background: Slide 35

• Ch. 2, Why finance ministers ..., model details: Slide 37

• Ch. 2, Why finance ministers ..., robustness: Slide 45

• Ch. 2, Why finance ministers ..., no green paradox: Slide 47

• Ch. 3, Optimal env. taxation ..., model details: Slide 55

• Ch. 4, Is capital back? model details: Slide 63

• Ch. 4, Is capital back? robustness checks: Slide 70
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Global greenhouse gas emissions as implied by
INDCs compared to no-policy baseline,
current-policy and 2◦C scenarios.

Source: Rogelji et al. (2016)
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Climate change as super-wicked problem (Levin et
al., 2012)

Super-wicked problems:

• Time is running out.

• Those who cause the problem also seek to provide the
solution.

• Central authority is weak or missing.

• Policy responses discount the future irrationally.

Prerequisite for solutions:

• Need to create beneficial path dependencies,

• and entrench and expand political support over time.
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Model setup - solution algorithm

• Households, firms and the resource owner are Stackelberg
followers of governments.

• Governments engage in Nash game using policy instruments:
• Repeat...

for each player j
I unfix avaliable policy instrument for j
I maximize objective for j
I fix newly found policies

• ...until policy instruments converge.
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Numerical Model: Details

CES production function
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CES production function

F (K ,G ,R, L) = (α1Rs1 + (1− α1)Z s1)
1
s1

Z (K ,G , L) = (α2X s2 + (1− α2)Ls2)
1
s2

X (K ,G ) = (α3K s3 + (1− α3)G s3)
1
s3

CiES social welfare function

W =
∑

t

Lt
(Ct/Lt)1−η

1− η
1

(1 + ρ)t

Parameter values

σ1 α1 σ2 α2 σ3 α3 η ρ

0.5 0.1 0.7 0.42 1.1 0.65 1.1 0.03
, si = σi−1

σi

Model overview: Slide 11
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Intertemporal optimization: Household

max
C/L

W =
T∑

t=0

U(C/L)

(1 + ρ)t
,

s.t. C(1 + τC ) = wL + rK s + ΠF + Tax transfer − I

It = K s
t+1 − (1− δ)K s

t

taking ΠF
t and Tax trans

t as given.

Use discrete Maximum Principle with Hamiltonian:

HHH
t = U(Ct/Lt) + λt

[
(1 + (rt − δ))K s

t + wtLt + ...

...+ ΠF
t + Tax trans − Ct(1 + τC ,t)

]
FOCs and TC: Lη−1

t /Cηt = λt(1 + τC ,t),

λt−1(1 + ρ) = λt (1 + rt(1 + τC ,t)− δ) ,

0 = (IT − (1− δ)K s
T )λT .
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Intertemporal optimization: Resource exporter

max
Rt

T∑
t=0

(pt − ct − τRO,t)Rt + Ψt∏t
s=0(1 + rs )

, ct(St) = rt

(
1 +

χ2

χ1
((S0 − St)/S0)χ3

)
subject to∑

t

Rt ≤ S0

where Rt = St − St+1, S0 is given, and Ψt = τRO,tRt is taken as given.

Hamiltonian:

HRO
t = (pt − ct − τRO,t)Rt + λR (St − Rt) + Ψt ,

FOCs and TC:

λR
t = pt(1− τRO,t)− ct ,

λR
t = λR

t−1(1 + rt − δ)− rtRtχ2χ3

χ1S0

(
S0 − St

S0

)χ3−1

,

λR
T−1ST = 0.
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Intertemporal optimization: Government

max
τ

W =
T∑

t=0

Lt
U(Ct/Lt)

(1 + ρ)t

subject to

I G + Tax transfer = rτK K + τRR + τC C + wτLL

Gt+1 = Gt + I G
t − δGt

and

• the international market clearing conditions,

• the maximization problems of households, firms, and the
resource exporter,

• their respective FOCs and TCs
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Resource exporter: Resource market: Capital market:

max
Rt

T∑
t=0

ptRt − ct∏t
s=0(1 + rs )

R supply =
∑

j

Rdemand
j

p = pj ∀j

∑
j

K supply
j =

∑
j

K demand
j

r = rj ∀j
,
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Nash equilibrium, two sub-games, solved for

non-cooperative behavior

max
τ i

K
,τ i

R

Wi , given τ j
K , τ

j
R , i 6= j

or cooperative behavior of governments

max
{τ i

K
,τ i

R
}i=1,2

W1 + W2
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Robustness: Strategic interactions
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Robustness: lump-sum transfer

Benchmark case, τL = 0 = τC
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Robustness: lump-sum transfer

Benchmark case, τL = 0 = τC
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Robustness: lump-sum transfer

No exporter (social optimum defined), K0 ≈ 2G0
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Robustness: lump-sum transfer

No exporter (social optimum defined), K0 = G0
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No green paradox

year τR [$/tC] γτR
r − δ

2010 77 0.000 0.039
2020 124 0.049 0.069
2030 194 0.043 0.067
2040 277 0.034 0.063
2050 369 0.028 0.061
2060 483 0.028 0.062

Table 1 : Time profile of the optimal carbon tax τR , annual growth rate
of the carbon tax γτR

, and annual interest rate net of depreciation r − δ
for the case in which governments optimize only the carbon tax.

,
Max Franks 47/31



Carbon tax path and resource extraction
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Carbon tax path and resource extraction
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The Hotelling model

Hotelling rule in partial equilibrium and continuous time:

r =
ṗ

p

With unit tax on carbon τ(t) = τ0eθt and constant extraction
costs c :

r =
ṗ + (r − θ)τ

p − c

Source: Edenhofer and Kalkuhl (2011)
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The green paradox: Beyond the simple model

van der Ploeg (2013):

• Socially optimal carbon tax has smaller growth rate than
interest rate .

• Availability of backstop technology

• Availability of technology policy.

• External (how much of the total stock to exploit) margin and
internal margin (how fast exploit a given amount of fossil fuel)
(cf. van der Ploeg, 2013).

• Stock dependent extraction costs.
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The green paradox: Beyond the simple model

van der Meijden et al. (2015): Extension to general equilibrium.

• With investment in physical capital, green paradox more likely.

• With exploration costs, green paradox less likely.

• Differences between partial and general equilibrium rather
small.

Nachtigall and Ruebbelke (2014): Learning by doing may mitigate
the green paradox.
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Beyond the Hotelling model (Venables, 2014)

• Price of fossils independent of interest rate.

• Instead, determined by demand and geology.

• Carbon taxes may speed up extraction of already explored
fields (intensive margin), but may disincentivize exploration of
new fields.
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Sensitivity analysis:
Substitution elasticity between fossil resources and
all other factors: σ1

σ1 τR τK relative
[tril. US$] [tril. US$] difference

0.3 23.03 22.10 4.19 %
0.4 24.17 23.37 3.44 %
0.5 24.96 24.26 2.86 %
0.6 25.52 24.92 2.42 %
0.7 25.95 25.41 2.09 %

Table 2 : Comparison of the policy cases in which the importers’
governments only determine the carbon tax τR or only the capital tax τK

endogenously. The numbers give welfare measured as balanced growth
equivalents. The column on the right shows the relative difference
between the second and the third column.
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Sensitivity analysis:
Substitution elasticity between capital and
infrastructure: σ3

σ3 τR τK relative
[tril. US$] [tril. US$] difference

0.7 24.36 23.59 3.262%
0.9 24.73 24.05 2.864%
1.1 24.96 24.26 2.863%
1.4 25.16 24.48 2.785%
1.7 25.29 24.61 2.734%

Table 3 : Comparison of the policy cases in which the importers’
governments only determine the carbon tax τR or only the capital tax τK

endogenously. The numbers give welfare measured as balanced growth
equivalents. The column on the right shows the relative difference
between the second and the third column.
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Optimal environmental taxation with capital mobility

Model details, cf. Slide 18
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Model description
Firms:

Πi = pi f i (K i ,Z i , Li )− (r + τK )K i − τZiZ i − (w i + τLi )Li , ∀i ∈ {E ,N}

Firms’ FOCs:

pi f i
K = (r + τK )

pi f i
Z = τZi

pi f i
L = (w i + τLi )

Final good producers:

Π = pF (Y E ,Y N )− pEY E − pNY N

Final goods producers’ FOCs:

pFY E = pE

pFY N = pN
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Model description

Households:

max
V i

U

(
C i

M i
,
V i

M i
,G

)
subject to pC i = w i L

i

M i
+ ra,

and M i = Li + V i ,

where MN + ME = 1.

Social welfare:

W b =
∑

i∈{E ,N}

M i 1

ρ

(
U

(
C i

M i
,
V i

M i
,G

))ρ

W g =
∑

i∈{E ,N}

M i 1

ρ

(
U

(
C i

M i
,
V i

M i
,G

)
− δ(ZE + ZN )ϕ

)ρ
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Model description

Functional forms and parameter values

f N (KN , LN ,ZN ) =

(
0.55(LN )

σN−1
σN + 0.35(KN )

σN−1
σN + 0.1(ZN )

σN−1
σN

) σN
σN−1

,

f E (KE , LE ,ZE ) =

(
0.45(LE )

σE −1
σE + 0.3(KE )

σE −1
σE + 0.25(ZE )

σE −1
σE

) σE
σE −1

,

F (Y E ,Y N ) =
(

(0.2Y E )
ε−1
ε + (0.8Y N )

ε−1
ε

) ε
ε−1

,

U(C i ,V i ,G) =

(
C i

M i

)1−γ1−γ2
(
V i

M i

)γ1

Gγ2 .
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Capital mobile? No No Yes Yes
Welfare Blue Green Blue Green
Households mobile? Yes No Yes No

W g 0.19472 0.27019 0.19469 0.27033

W b 0.31659 0.28610 0.31659 0.28593
W g (N) 0.31659 0.27425 0.31659 0.27453
W g (E) 0.31659 0.25454 0.31659 0.25412

τK 0.00000 0.00000 0.00000 0.00000

τZN 0.05000 0.15084 0.05000 0.14428

τZE 0.05000 0.15084 0.05000 0.14428

τLN 0.04686 0.02825 0.04615 0.03153

τLE 0.04686 0.02825 0.04615 0.03153

Table 4 : Numerical results for the baseline scenarios.
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Capital mobile? No No Yes Yes
Welfare Blue Green Blue Green
Households mobile? Yes No Yes No

W g 0.19472 0.27024 0.19469 0.27039

W b 0.31659 0.28609 0.31659 0.28593
W g (N) 0.31659 0.27174 0.31659 0.27200
W g (E) 0.31659 0.26445 0.31659 0.26414

τK 0.00000 0.00000 0.00000 0.00000

τZN 0.05000 0.15147 0.05000 0.14503

τZE 0.05000 0.15147 0.05000 0.14503

τLN 0.04686 0.03585 0.04615 0.03947

τLE 0.04686 -0.00241 0.04615 -0.00072

Table 5 : Numerical results for differential labor taxes.
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Capital mobile? No No Yes Yes
Welfare Blue Green Blue Green
Households mobile? Yes No Yes No

W g 0.19472 0.27024 0.19469 0.27039

W b 0.31659 0.28609 0.31659 0.28593
W g (N) 0.31659 0.27174 0.31659 0.27200
W g (E) 0.31659 0.26445 0.31659 0.26414

τK 0.00000 0.00000 0.00000 0.00000

τZN 0.05000 0.15129 0.05000 0.14527

τZE 0.05000 0.15207 0.05000 0.14428

τLN 0.04686 0.03584 0.04615 0.03949

τLE 0.04686 -0.00267 0.04615 -0.00038

Table 6 : Numerical results for differential labor and carbon taxes.
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Capital mobile? No No Yes Yes
Welfare Blue Green Blue Green
Households mobile? Yes No Yes No

W g 0.18656 0.27041 0.19581 0.27042

W b 0.31776 0.28633 0.31619 0.28591
W g (N) 0.31776 0.27165 0.31619 0.27209
W g (E) 0.31776 0.26558 0.31619 0.26399

τK 0.66476 0.15480 -0.05178 -0.02759

τZN 0.05000 0.15335 0.05000 0.14612

τZE 0.05000 0.15335 0.05000 0.14612

τLN -0.04582 0.00848 0.05886 0.04449

τLE -0.04582 -0.03110 0.05886 0.00549

Table 7 : Numerical results for the differential labor and carbon taxes
and capital taxes.
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Is Capital Back?

Model details, cf. Slide 23
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Heterogeneous households

Each household i , born in t optimizes utility

ui (cy
i ,t , c

o
i ,t+1, bi ,t+1) =

1

1− η

[
(cy

i ,t)1−η + µi (co
i ,t+1)1−η + βi b

1−η
i ,t+1

]
where η = elasticity parameter, µ = preferences for life-cycle savings,
β = preferences for leaving bequests,

subject to the budget equations

cy
i ,t + si ,t = wt + bi ,t(1− τB)

si ,t = ai ,t+1 + pt li ,t+1

co
i ,t+1 + bi ,t+1 = (1 + Rt+1(1− τK ))ai ,t+1 + ...

li ,t+1(pt+1 + qt+1(1− τL))

with ai = capital assets, p = land price, li = land holdings, q = land rent.
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Heterogeneous households

Household’s FOCs for i ∈ {1, ...,N} and t ∈ {1, ...,T − 1}.

ucy
i,t

uco
i,t+1

=

:=rt+1︷ ︸︸ ︷
1 + Rt+1(1− τK ) (4)

ubi

uco
i

= (1− τB)η−1 (5)

pt+1 + qt+1(1− τL)

pt
= rt+1. (6)

(7)

Budget equation

bi ,t + wt − taxes(τB) = cy
i ,t + (co

i ,t+1 + bi ,t+1)/rt+1 (8)
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Firm and government
Firm:

f (kt , l) = A(αkσt + γlσ + 1− α− γ)
1
σ

kt+1 =
1

N

N∑
i=1

ai ,t , and l =
1

N

N∑
i=1

li ,t

FOCs:

Rt = fk (kt , l) interest rate

qt = fl (kt , l) land rent

wt = f (kt , l)− Rtkt − qt l wage rate

Government:

gt = τK Rtkt + τLqt l +
1

N

∑
i

τB bi ,t .
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Why do all taxes reduce inequality? (cf. Slide 27)

Household i τK = 0.2 τL = 0.2 τB = 0.2 τK = 0.7 τL = 0.7 τB = 0.7

Income y∗

1 0.990 1.007 0.995 0.94 1.03 0.98
2 0.990 1.007 0.995 0.94 1.03 0.98
3 0.989 1.005 0.989 0.93 1.02 0.96
4 0.987 1.003 0.975 0.93 1.01 0.91
5 0.974 0.989 0.910 0.88 0.97 0.73

Bequests b∗

1 0.96 0.972 1.014 0.819 0.90 1.03
2 0.96 0.972 1.014 0.819 0.90 1.03
3 0.96 0.970 1.008 0.816 0.89 1.01
4 0.95 0.968 0.994 0.808 0.88 0.97
5 0.94 0.955 0.928 0.771 0.84 0.77

fraction of no-tax-case

• All taxes reduce b∗ and y∗ of rich stronger than that of the poor.

• τL and τK reduce return on savings,

=⇒ τL and τK discourage savings and reduce bequests.

• τB reduces income (especially of the rich), but increases demand for
leaving bequests (in particular that of the poor).
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Results: Revenue recycling
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Variation of η
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Variation of ε
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The system converges nicely to a steady state
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The system converges nicely to a steady state
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Wealth distribution invariant under variation of final
period
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Kaldor-Hicks Criterion 1/2

Could the winners of a 100% land rent tax compensate the losers?
,
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Kaldor-Hicks Criterion 2/2
Assume tax revenues gt are recycled to all households as X y

i ,t ,X
o
i ,t :

cy
i ,t + si ,t = wt + bi ,t + X y

i ,t

co
i ,t + bi ,t = (1 + Rt)ks

i ,t + li ,t(pt + qt(1− τL)) + X o
i ,t .

Assume that funds can be shifted over time via banking and
borrowing at the market interest rate R. Then:

∑
t

gt

Πt
s=1(1 + Rs)

≥ 1

N

∑
i ,t

X y
i ,t + X o

i ,t

Πt
s=1(1 + Rs)

.

Numerical experiments confirm that there are
{X y

i ,t ,X
o
i ,t}i=1,...,N, t=1,...,T such that

ui ,t |τL=1 ≥ ui ,t |τL=0 ∀i , t.
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OECD data for model calibration (Slide 23)
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Model parameters, standard calibration (Slide 23)

Preferences Elasticity parameter η 0.96

Preferences for consumption when old µ1 0.070
µ2 0.070
µ3 0.095
µ4 0.152
µ5 0.468

Preferences for leaving bequests β1 0.0001
β2 0.0001
β3 0.025
β4 0.082
β5 0.398

Production Share parameter of capital α 0.2

Share parameter of land γ 0.08

Elasticity of substitution ε 0.78

Total factor productivity A0 481.9

Tax rates Capital income tax τK 0.2

Land rent tax τL 0

Bequest tax τB 0

Other Time horizon T 40
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Data for policy option space (cf. Slide 26)

τK g Gini f w k R p q

0.00 0.0000 0.6296 997.2769 877.9201 109.7284 0.6065 9.4497 5.7326
0.20 13.5956 0.6259 989.7809 869.5059 98.1570 0.6925 10.2458 5.6776
0.40 27.9854 0.6222 979.1617 857.6162 84.1497 0.8314 11.2237 5.6000
0.60 43.8318 0.6182 962.2211 838.7225 66.3991 1.1002 12.4429 5.4766
0.80 63.2516 0.6139 927.5904 800.3860 42.1122 1.8775 13.9180 5.2263

τL g Gini f w k R p q

0.00 0.0000 0.6296 997.2769 877.9201 109.7284 0.6065 9.4497 5.7326
0.20 10.6307 0.6258 1002.4532 883.7406 118.6730 0.5524 8.3521 5.7706
0.40 21.4201 0.6220 1008.3133 890.3401 129.8708 0.4961 7.0207 5.8137
0.60 32.4053 0.6180 1015.0738 897.9667 144.3975 0.4370 5.3415 5.8635
0.80 43.6417 0.6139 1023.0634 906.9981 164.1543 0.3747 3.1159 5.9225
1.00 55.2107 0.6097 1032.7274 917.9482 192.5664 0.3093 0.0000 5.9940

τB g Gini f w k R p q

0.00 0.0000 0.6296 997.2769 877.9201 109.7 0.6065 9.4497 5.7326
0.20 21.7543 0.6090 993.3706 873.5331 103.5 0.6502 8.7719 5.7039
0.40 41.1012 0.5886 989.6003 869.3034 97.90 0.6947 8.1700 5.6763
0.60 58.2081 0.5684 985.9329 865.1934 92.78 0.7405 7.6294 5.6495
0.80 72.8612 0.5482 982.2819 861.1061 88.00 0.7884 7.1316 5.6228
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Data for policy option space, τB (cf. Slide 26)

τB s1 s5 u1 u5 v1 v5 y1 y5

0 53.203 611.23 36.30 62.9 85.47 981.9 878.01 1327.5
0.2 52.98 555.0 36.29 62.5 87.43 915.9 873.61 1207.4
0.4 52.782 505.5 36.29 62.2 89.45 856.6 869.36 1102.1
0.6 52.582 461.4 36.28 61.9 91.51 803.1 865.23 1009.4
0.8 52.383 421.5 36.28 61.3 93.68 753.9 861.12 927.79

τB c
y
1 c

y
5 co

1 co
5 b1 b5

0 824.8144 716.3402 85.37688 532.3029 0.09401 449.655
0.2 820.6234 652.4211 87.34366 498.5043 0.09534 417.429
0.4 816.5808 596.6147 89.35404 468.6636 0.09643 388.031
0.6 812.6511 547.9787 91.41923 442.5361 0.09710 360.609
0.8 808.7424 506.2071 93.58674 420.5171 0.09674 333.462
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Data for policy option space, τK (cf. Slide 26)

τK s1 s5 u1 u5 v1 v5 y1 y5

0 53.20 611.23 36.30 62.86 85.47 981.95 878.01 1327.57
0.2 52.62 594.79 36.28 62.76 81.78 924.30 869.60 1292.76
0.4 51.83 576.04 36.26 62.65 77.69 863.38 857.70 1252.98
0.6 50.62 552.67 36.22 62.51 72.89 795.88 838.80 1203.17
0.8 48.22 516.62 36.16 62.30 66.33 710.61 800.46 1125.79

τK c
y
1 c

y
5 co

1 co
5 b1 b5

0 824.81 716.34 85.37 532.30 0.094 449.65
0.2 816.97 697.97 81.69 501.05 0.089 423.25
0.4 805.86 676.93 77.61 468.02 0.085 395.35
0.6 788.18 650.49 72.81 431.43 0.080 364.45
0.8 752.23 609.16 66.26 385.21 0.072 325.40
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Data for policy option space, τL (cf. Slide 26)

τL s1 s5 u1 u5 v1 v5 y1 y5

0 53.20 611.23 36.30 62.86 85.47 981.95 878.01 1327.57
0.2 53.48 604.20 36.30 62.80 83.03 937.95 883.84 1313.25
0.4 53.81 597.46 36.31 62.73 80.50 893.77 890.44 1299.63
0.6 54.19 591.10 36.32 62.66 77.86 849.28 898.08 1286.90
0.8 54.65 585.27 36.33 62.59 75.11 804.45 907.12 1275.41
1 55.21 580.31 36.34 62.52 72.28 759.81 918.02 1265.88

τL c
y
1 c

y
5 co

1 co
5 b1 b5

0 824.81 716.34 85.37 532.30 0.0940 449.6
0.2 830.35 709.05 82.94 508.44 0.0913 429.5
0.4 836.63 702.16 80.41 484.50 0.0885 409.2
0.6 843.89 695.79 77.77 460.38 0.0856 388.9
0.8 852.47 690.14 75.02 436.08 0.0826 368.3
1 862.81 685.57 72.20 411.88 0.0795 347.9
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Appendix: Overview

• General background: Slide 35

• Ch. 2, Why finance ministers ..., model details: Slide 37

• Ch. 2, Why finance ministers ..., robustness: Slide 45

• Ch. 2, Why finance ministers ..., no green paradox: Slide 47

• Ch. 3, Optimal env. taxation ..., model details: Slide 55

• Ch. 4, Is capital back? model details: Slide 63

• Ch. 4, Is capital back? robustness checks: Slide 70
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