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Abstract

This paper looks at both the efficiency and distributional implications of a carbon tax and/or
other energy taxes as part of a package of measures to address the budget deficit. We build a
dynamic general-equilibrium overlapping-generations model (OLG) of the U.S. economy,
including detail on government taxes and expenditures and a disaggregated production structure
including several energy industries. We find that both the overall cost of including a carbon tax
in a package of deficit reduction measures and the distribution of that cost across generations
vary significantly based on what other tax and spending measures are included in that package,
and vary quite substantially based on which of those measures the carbon tax revenue is used to
offset. Moreover, the effects of a carbon tax within a deficit-reduction package can differ
significantly from the effects of a revenue-neutral tax swap (as modeled in the prior literature).
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1. Introduction

There is a growing consensus that U.S. fiscal policy needs major reform in order to bring
the budget deficit and corresponding growth in the national debt down to levels that are
sustainable in the long run. Many other nations face similar budget issues. At the same time, the
world faces the challenge of reducing emissions of greenhouse gases in order to limit the effects
of global climate change. Including a carbon tax as one element of fiscal reform may help to

address both of these major long-run issues.

This paper looks at both the efficiency and distributional implications of a carbon tax
and/or other energy taxes as part of a package of measures to address the budget deficit. The
literature on tax interactions and the double dividend has considered the general issue of
interactions between environmental taxes and the broader fiscal system, in the context of budget-
neutral changes that use revenues from environmental taxes to fund cuts in other taxes or
increases in spending. However, while policy interest in the use of environmental taxes for
deficit reduction can be traced at least to the Clinton Administration’s 1993 BTU tax proposal, to
our knowledge, no paper in that extensive prior literature models the use of environmental taxes

as part of a deficit reduction package.

Addressing this problem requires different conceptual and methodological tools. Deficit
reduction is an inherently dynamic issue whereas most environmental tax-interaction models are
static. Moreover, the dynamic models that do exist (e.g., Bovenberg and Goulder, 1996) assume
infinitely-lived agents which, due to Ricardian equivalence — wherein government borrowing is
fully offset by private sector saving — prevents them from realistically modeling the effects of

changes in the timing of taxes or spending.

To address these issues, we build a dynamic general-equilibrium overlapping-generations
model (OLG) of the U.S. economy, including detail on government taxes and expenditures and
sufficient energy-sector detail to model the effects of introducing a carbon tax, other energy
taxes, or modifications to the rest of the tax system such as changes in labor and capital income
tax rates or the introduction of a value-added tax. The model thus combines elements of
Auerbach and Kotlikoff’s (1987) dynamic model of fiscal policy with elements of environmental

tax-interaction models such as Bovenberg and Goulder (1996).



This overlapping generations structure has several key advantages. First, the model does
not exhibit full Ricardian equivalence, and thus can more realistically model the effects of
changes in the time path of government budget deficits. Second, it provides a more realistic
result for the effects of tax policy on capital accumulation, because (unlike a model with
infinitely lived agents), it does not imply infinitely elastic capital supply. This is obviously
crucial when considering capital taxation, but is also important for analyzing other taxes that
may indirectly affect capital, such as a carbon tax. Third, the overlapping generations structure
permits us to examine how agents in different generation are affected by policy reforms. This is
likely to be important from the perspective of welfare analysis as well as the analysis of the

behavioral response to the policies.

We use the new model to examine the effects of including a carbon tax or other energy
tax changes in a package of deficit-reduction measures in the context of different time paths of
deficits while achieving a sustainable long run debt/GDP ratio. We explicitly consider how
those effects vary based on what other tax or spending changes are included in the package,

while focusing on both efficiency effects and the distribution of burdens across generations.

We find that both the overall cost of including a carbon tax in a package of deficit
reduction measures and the distribution of that cost across generations vary significantly based
on what other tax and spending measures are included in that package, and vary quite
substantially based on which of those measures the carbon tax revenue is used to offset. Carbon
taxes are generally viewed as imposing a burden on present generations in order to benefit future
generations. However, our results suggest that this is not always the case: including a carbon tax

as part of a deficit reduction plan can make present generations better off.

The plan of the paper is straightforward. The next section develops a detailed
description of the model. Section 3 explains the policy simulations and presents results. Section

4 concludes and discusses potential directions for future work.



2. Model Logic
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7&5#+1%#1.$*&((#*.)$.3AS+#5#19#4HXE'H to finance the production of government services and
make transfer payments to private households. The government may run a deficit or surplus in a
given time period, and the modeler may exogenously impose new government policies that
change expenditures or tax revenues to affect the size of the deficit and the accumulation of
public debt over time. Government policy changes are announced in t =0 with perfect certainty
and a household is assumed to have perfect foresight over its lifetime in responding to the effects

of policy changes.

Conceptually, the model has two main components—a description of the dynamics of
economic growth and decision-making over time, and a multi-sectoral description of the trade-
offs between economic activities at a point in time. The logic and calibration strategy for the
dynamic component of the model builds directly on the work of Rasmussen and Rutherford
(1994). The multi-sectoral component builds on the work of Bohringer, Carbone and Rutherford
(2011). We begin by describing the aggregate economy and how it evolves over time. We then
move on to describe the household-level choice model and how it connects to the aggregate
economy. This is followed by a discussion of the multi-sectoral production side of the economy
represented at each time step in the model, a description of the initial steady-state and baseline

calibration procedures.



In the discussion that follows, we use the accounts for period t =0 to illustrate the
relationships between the variables in the model unless otherwise indicated. Units are chosen
such that period-0 benchmark prices are normalized to one, implying that physical quantities and
the value of those quantities coincide. We also follow the convention of representing prices in

the model in period-0 present-value terms except where indicated. Thus, in the initial
equilibrium, a price at time ¢ in the model, p, =(1+T)'* where T is the benchmark real interest

rate.

2.1 Aggregate Demand

National accounts describe the relationship between aggregate income, savings and

consumption. National income is derived from the return on capital ( R), labor ( L ) and natural

resources (N ). Households also receive government transfers (T ). Thus income balance

requires that, in each period, national income is equal to national consumption (C) plus saving (

S).
R+L+N+T=C+¢S (1)

Investment (| ) equals private saving reduced by public dissaving in the form of a budget deficit

(D) and raised by the amount that investment is financed from abroad via a trade deficit ( B).
S-D+B= 1| (2)

The size of the budget deficit is determined by the government's budget balance

condition, requiring that total tax revenues (! ) must cover government spending (G ) and

transfers minus the deficit.
| =G+T"D (3)

Tax revenue is derived from a labor income tax (/, ), a tax on capital income (/ ), a
consumption tax (/. ), a tax on carbon emissions (/) applied to total emissions ( E ), and a fuel

tax (/) applied to the total value of refined-oil products consumed domestically (F ). These tax



rates, along with the level of government spending, are the policy instruments that are the subject
of our debt-reform counterfactual scenarios. In addition, there are benchmark taxes present in
the GTAP dataset that forms the basis for the calibration of the model on the use of produced
goods in intermediate and final consumption as well as import tariffs and export subsidies.

These tax rates are held constant in our policy scenarios but the value of the revenues collected
from these sources may change as the economy responds to the various policy interventions we

introduce. The net value of these tax revenues is summarized by Q.
O=7,L+7,R+7.C +7, E +7.F +Q 4)

The aggregate capital stock (K ) evolves based on a constant rate of depreciation (/ ) and

the level of investment.

Kt+1 = (l_ 5)Kt + lt (5)

The model is calibrated to an initial steady state in which all of the components of the
aggregate economy grow proportionately at a growth rate equal to the constant, exogenous rate

of population growth (/) plus a constant, exogenous rate of labor-augmenting technological

change (! ). This equilibrium implies that the benchmark return to capital just covers the cost of

interest plus depreciation
R=(T+/)K (6)
and new investment covers depreciation plus the growth of the economy
I=(+1+")K (7)

This represents a complete description of aggregate demand and how it evolves over time
in the initial steady state. We now show how the overlapping generations structure in the model
links representative household choices of each generation to the aggregate outcomes described

above.

" A more detailed description of the taxes represented in the GTAP database and how we make use of them in our
model is described in Appendix



2.2 Household Optimization

We refer to households entering the model in time period g =1 as household g. Each
household g optimizes by choosing its levels of consumption () and leisure demand (l,) to
maximize the discounted sum of instantaneous utility over its lifespan from g! t! g+ N.

Instantaneous utility depends on the amount of leisure and consumption a household consumes,
where these quantities enter a constant elasticity of substitution (CES) function to create a full-

consumption bundle ( Z,).
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where U is lifetime utility, / is the rate of time preference, o is the intertemporal elasticitiy
of substitution, 1/ (1- p. )= 0 is the elasticity of substitution between consumption and leisure.
Households spend their wealth on consumption goods, where p, is the price index of the final

consumption bundle. They finance this consumption based on income derived from a number of

different sources. Labor income, depends on the wage rate, p/, 7, the index of labor

gt?
productivity over the life cycle, which reflects the exogenous accumulation of human capital and

depreciation of skills workers experience over the lifecycle and / _ , the household's period-t

gt
effective time endowment. It is an effective endowment in the sense that it reflects the effect of

labor-augmenting technological change over time such that / 7 ,(L+!). It grows across

g,t+l



generations to reflect population growth as well / ., = (1+ +!). Households also hold
endowments of natural resources used in fossil energy production, ng, () ng, = N,), where py
9

is the natural resource rent associated sector K and $FFS$ is the set of fossil fuel sectors.

Resource endowments grow such that n,, ., =n,,, and N, ., = Ny (L+/ +1). They also

receive government transfers, /  ( " o = ft ), which follow a calibrated time path across the
g

lifecycle based on social security and other major benefit-program distributions. They grow

across generations according to the overall growth rate of the economy. Government transfers

are denominated in terms of the foreign exchange good in the model, where p™ is the price of
foreign exchange and P, = (L+T)'" is the present value world price index. In addition,

generations alive at t =0 and t =T hold assets (suppressed in (8)) that account for the initial
capital stock, the benchmark imbalance in international trade and the assets required to finance
post-terminal consumption. These aspects of the model are discussed in more detail in section
1.4 and 1.5 respectively. The composition of the final consumption good ( C), described in more

detail in section 1.3, is assumed to be common to all households.

2.3 Production

The production side of the model is based on a multi-sectoral description of the economy
with competitive, constant-returns-to-scale industries and a connection to international markets
based on the small open economy assumption. The production functions that describe the
technologies used in each sector of the economy are based on nested CES functions. Firms
combine basic factors of production (physical capital, labor and natural resources) with
intermediate inputs. We explicitly represent sixteen sectors in the model, listed in Table 1.
Fifteen of these sectors are taken directly from the disaggregated GTAP 7.1 dataset (each sector
name in the table is accompanied in parentheses by its three-letter GTAP code) with the focus on
representing energy and energy-intensive sectors of the economy, those most directly affected by

a carbon tax. The final sector is a composite of all other private-sector activities in the economy.



Final consumption (C), government services (G ) and investment (| ) are all produced using an

identical bundle of inputs based on these 16 sectors.

SECTORS

Energy Coal (COA), Crude oil (CRU), Natural gas (GAS), Refined
petroleum and coal (OIL), Electricity (ELE)

Energyand tradeintensive  Paper, pulp, print (PPP), Chemical, rubber, plastic products
(CRP), Iron and steel (I_S), Non-ferous metal (NFM), Non-
metallic mineral (NMM), Machinery and equipment (OME),
Plant-based fibers (PFB, Water transport (WTP), Air transport
(ATP), Other transport (OTP)

Rest of industry and services (Y)

Table 1: Model Sectors

The structure for the production of all non-fossil-fuel goods (including C, G and | ) is

described diagramatically in Figure 1 and algebraically (via the definition of the unit-cost



function) in equation (17). The production structure for fossil fuels in the model (coal, natural

gas and crude oil) are described diagramatically in Figure 2 and algebraically in equation (22).

We model international trade based on the Armington assumption that domestic and
foreign varieties of a good are treated as imperfect substitutes by consumers. For exports to

foreign markets, we accomplish this through the use of a constant elasticity of transformation,
IR =1/(1#" ), between output produced by domestic firms destined for either the home or the

export market.
"GlTHS HA$E™) X4 = Y ©)

where the / and / terms are chosen to match benchmark levels of output described in our
dataset, X, is supply destined for export, HS, is supply destined for the home market and ¥, is

it

total output in industry i in time period t.

Similarly, imported goods are assumed to combine with domestic varities of the same
good in composite where / * =1/ (1# ) is interpreted as the elasticity of substitution between
home and foreign varieties. Thus the composite of domestic ( HD,,) and foreign (IM,,, )

varieties of good i demanded in production activity k, A,,, is given as
Ay ="l HD, + (L7, IM T (10)

We assume the existence of a perfect international bond market of which the domestic
economy represents a small part. As a result, the world interest rate is fixed at 7 . Domestic
households save via investment in the domestic capital stock. The domestic interest rate may
deviate from the world interest rate in transition because building up the capital stock requires

purchase of the investment good in the model, which is produced using imperfectly substitutable



domestic and imported goods as inputs. However, international trade in goods guarantees

equalization of domestic and international rates in the steady state®.

There is a single, homogenous labor market across sectors. We examine instances of the
model where physical capital is treated either as intersectorally mobile or as sector specific. We

assume that neither labor or capital is internationally mobile.

2.4 Treatment of Benchmark Assets and Deficits

The model is calibrated to an initial steady state in which the economy runs permanent
budget and trade deficits, both of which grow at the benchmark growth rate of the economy (

7 +1). For intertemporal budgets to balance in a steady state with permanent deficits, agents

must hold assets equal in present value to the infinite-horizon deficits to ensure that their

intertemporal budgets are balanced. To account for these debts, households alive at t =0 in our

model are assumed hold aggregate initial assets, 4, equal to

1+7

r—ll 'III !

A=(1+T)K +(B" D) (11)

The first term of the right-hand side of the equation captures the initial value of the
capital stock consistent with the steady state and the second term is the solution to the infinite
series that describes the value of future trade deficits less budget deficits. In other words, private
households are assumed to hold an endowment of foreign assets sufficient to cover the value of
future trade deficits but owe a debt equal to the value of future budget deficits to the government
agent in the model. These assets are assumed to be held in proportion to the population size of
each generation. The government agent holds endowments in its period-by-period budget

sufficient to cover the value of the deficits it runs. Thus in period ¢,

® +pp*D=nR,GA+ DB T (12)

* For example, if international bonds consistently earn a higher return than domestic assets, this will cause the
exchange rate to depreciate, stimulating the demand of domestic goods abroad and raising the marginal product of
capital and the domestic interest rate.

10



where the left hand side of the equation includes the period-t value of government revenues

from taxes (®, ) and the value of the foreign-exchange good that covers the value of the period-t
deficit (P, p™ D). Pg, 18 the price index for the composite good that produces government

services and transfers (T ) are denominated in terms of the foreign exchange good.

In our policy scenarios, we establish a series of baselines in which the primary revenue-

raising taxes in the model (/, , /, 7. ) and government spending cuts (! ) are used to draw

down the the budget deficit to meet a target of level of cumulative reduction in the level of public
debt by period 7', ! . We then perform policy experiments off of these baselines in which we
swap carbon and fuel taxes for heavier reliance on the other revenue-raising instruments to hit
the same debt target. When we affect the changes in the tax rates and spending levels to achieve

the debt-reduction baselines, the levels of | . and ! (from equation (12)) to reflect the effects of

t

these policies and the size of the foreign-exchange endowment covering the deficit ( D, ) changes

accordingly. The level of government transfers is held constant throughout our experiments.

2.5 Treatment of PoSterminal Behavior

Numerical models can only cover a finite number of time periods. Nevertheless, the logic
of the equilibrium concept requires that we describe the behavior of model agents over an
infinite horizon. First, we must specific how investment in the capital stock proceeds in period T
. We assume (and verify in our simulations) that the model equilibrium is in a steady state at
time T . Accordingly, we set terminal period investment at a level consistent with steady-state
growth. Thus the post-terminal capital stocks, KT, are chosen to satisfy

| /1 =1+" +] (13)

iT iTI1

Second, we must describe the behavior of households alive in period T in the post-
terminal part of their lives. That is, because households are forward-looking in our model, the
consumption and saving choices they make before period 7" depend on what choices they are

assumed to have made after period T. Moreover, what these post-terminal choices are assumed

11



to be depends on the different steady states generated by our policy experiments. To solve this
problem, we specify rules describing adjustments to post-terminal consumption and asset
positions that are consistent with optimal behavior in a steady state but which are a function of
endogenous model variables that indicate the particular steady state arrived at in the model in the

different policy experiments. Specifically, we assume that terminal households g are endowed
with post-terminal assets (denominated in terms of the foreign exchange good in the model)

equal to a,,AT,, which are chosen such that welfare level of terminal households is equal for all

terminal households in the model.
Ug!Ugu:O,g+N>T (14)

We choose the path of the post-terminal full-consumption for terminal households such

that that shadow value of this consumption ( p7") declines at the steady-state interest rate, I, ,

which, again, is consistent with steady-state behavior.

pgl a1T = IOSZ(1+ rT)dly g+N>T,g" & N (15)

2.6 Calibration

The multi-sectoral production model is calibrated based on the social accounting matrices
described in the GTAP 7.1 database, aggregated to the sectors described in Table 1 using the
standard calibration procedure (Shoven and Whalley 1992). The base year in the GTAP data is
2004. The assumptions for the values of the substitution elasticities in the production and utility
functions in the model are described in Table 7. It is worth noting that we use the top-level
substitution elasticities between sector-specific natural resources ( Nn) and other inputs to
production in the fossil-energy sectors in the model (coal, crude oil and natural gas) to imply
supply elasticities that are consistent with empirical evidence on the price responsiveness of

these energy sources.

We assume that the benchmark return to capital ( R) in the GTAP dataset represents the

steady-state return in our initial equilibrium and infer the level of the initial capital stock, K,

12



consistent with that return (based on equation (6)). We then use our calculation for estimate of

K, to infer the level of steady-state investment required. Our estimate of B, the trade deficit,

comes from the GTAP data. Our estimate for the benchmark budget deficit is based on
Congressional Budget Office (CBO) long-run projection of ~3% of GDP ("An Analysis Of The
President's Budgetary Proposals For Fiscal Year 2012," CBO,
http://www.cbo.gov/publication/22087). The initial level of publicly-held debt is also based on
the CBO estimate that existing debt represents approximately 70% of GDP in 2011. Benchmark
expenditures on government services (G ) is taken from the GTAP data. The level of
government transfers is then inferred based on the benchmark level of tax revenues in the GTAP
data (! ) and the accounting identity for the government's budget (3). We assume an annual
world equilibrium (and domestic benchmark) interest rate of 5%. The annual rate of population
growth is 1% and the annual rate of labor-augmenting technological change is 2%. The annual

rate of depreciation of the capital stock is 7%.

For the most part, we use the GTAP benchmark taxes to calibrate the model. The
exceptions are that we replace factor taxes for labor and capital with external estimates. We
calibrate the benchmark marginal labor tax rate to a value of 35.8% (Barro and Redlick 2011)
and the marginal capital tax rate to a value of 39.9% (Babiker, Metcalf and Reilly 2003).

The productivity index that describes the trajectory of lifecycle wages comes from

Auerbach and Kotlikoff (1987) and follows

/ . — e(4.47+ 0.0338" 0.000674 )/ e 4.4 (16)

where a represents the age of the individual in years. Figure 3 shows this productivity index
over the lifecycle, which rises until middle age and declines thereafter. This figure also shows
the allocation of time (measured in efficiency units) between work and leisure in the benchmark

equilibrium, at each age.

The calibration of the lifecycle path of income received by households in the form of
benefits from government transfer payments is based on the report of income from government

transfers by age from the 2010 Consumer Expenditure Survey (http://www.bls.gov/cex/). In

addition, we represent the progressivity in the income tax system (i.e., that marginal tax rates

13



exceed average tax rates) by modeling a proportional tax system plus a transfer (where the
transfer equals the difference between marginal and average rates, times the amount of income
taxed). Adding that term to the observed transfer payments in the data gives the transfer

payments in the model (/ ).

Figure 4 shows the lifecycle path of consumption and the lifecycle paths of income from
labor, capital, and government transfers, for the benchmark equilibrium. Labor income increases
until middle age and declines thereafter, reflecting both the productivity index and the amount of
time spent working, each of which also peaks in middle age. Transfer payments are much higher
in old age than earlier in the lifecycle, reflecting Social Security and other programs that target
the elderly. And capital income peaks late in life, and then declines as households spend down
their assets. Households save to smooth consumption over the lifecycle, so the path of
consumption rises smoothly throughout the lifecycle, even as the individual components of

income vary.

A challenge presented by the OLG framework is that the individual consumption and
saving choices of households in the benchmark must be consistent with the associated
aggregated quantities in the economy at each time step. We follow the procedure described in
Rasmussen and Rutherford (1994) with some minor modifications to account for the specific

details of our application. We summarize the procedure and our modifications below.

The calibration exploits the structure of the initial steady-state equilibrium. All
households solve the same generic maximization problem and are assumed to have identical
preferences. In the steady state, equilibrium quantities grow proportionately. As a result, the
steady-state lifecycle choices of future generations are identical to the choices of current
generations down to a scaling factor that captures the steady-state growth of the economy. Thus,
in our calibration, the generation entering the model at period 0, g =0, is used to generate
reference paths for benchmark consumption, leisure demand and assets. These reference paths

are then used to populate the benchmark trajectories for all generations of households.

A candidate set of values for the household-level trajectories yields a prediction on the

aggregate levels of consumption, labor supply and assets in t =0. We calibrate some of the

parameters entering the household choice problem (/ and a proportional scaling factor for / )

14



to jointly ensure that the individual outcomes are consistent with utility maximization while the

aggregate outcomes are consistent with the economic data used to calibrate the model.

Note that the level of the government budget deficit in the benchmark (approximately 3%
of GDP, as described above) implies that the government debt/GDP ratio is rising. Thus, by
using this as the benchmark steady state for the calibration, we are implicitly calibrating to an
economy in which the government debt/GDP ratio is rising forever, at an increasing rate.
Moreover, because much of the government budget deficit is currently being funded by capital
flows from overseas, the benchmark implicitly assumes that such capital flows will continue
forever. Figure 5 shows the implied path of the debt/GDP ratio over time for the benchmark.
Government debt rises to nearly 700% of GDP in 100 years. Such high levels of government
debt are obviously unsustainable, and thus in this respect, the benchmark equilibrium is highly

unrealistic.

However, this is the path that the U.S. is currently on, and thus calibrating to a
benchmark equilibrium with a sustainable long-run debt/GDP ratio would require some
assumption about what future policy changes will put the U.S. on a sustainable budget path.
Rather than make an arbitrary assumption about those future changes, we’ve instead chosen to

calibrate to the current path, even though it is unsustainable.

3. Policy Simulations

We use the model to perform two sets of policy simulations. In the first set of
simulations, we simply model revenue-neutral tax swaps that impose a carbon tax and lower one
of the other taxes in the model, keeping the present discounted value of tax revenue the same as
in the benchmark equilibrium. In the second set of simulations, we model deficit-reduction
packages, and look at the effects of including a carbon tax in the package of deficit-reducing

policies.

3.1 Revenudleutral Tax Swaps

15



The first set of simulations model revenue-neutral tax swaps. In each case, we impose a
$20/ton carbon tax, and lower the tax rate on labor, on capital, or on consumption, so as to hold
the present discounted value of government revenue constant. Thus, the tax changes in this first
set of simulations are very similar in nature to those from prior papers in the tax-interaction
literature (e.g., Bovenberg and Goulder, 1996). This provides a good comparison to the results

from prior work, as well as illustrating the basic effects at work in the model.

In each case, the tax swap is modeled as an immediate and unanticipated change in tax
rates at time 0, which is then permanent thereafter. Thus, the carbon tax rate goes immediately
to $20/ton in period 0, and the other tax rate (capital, labor, or consumption) immediately drops
by enough to offset the carbon tax revenue, keeping the present discounted value (over all future
periods) of government revenue constant. Then both taxes stay constant over time at the new
rates thereafter. Note that this does not necessarily mean that revenue is held equal to the
benchmark in each time period — doing that would require adjusting the offsetting tax rate in
each period — and thus the short-term time path of tax revenue may change slightly as a result of
the tax swap. These simulations also keep government spending the same as in the benchmark,
so the long run path of government debt will be the same as in the benchmark (with the

government debt/GDP ratio increasing to unsustainable levels), but the short-term time path may
differ slightly.’

By holding the carbon tax rate constant over time, these simulations differ from most
policy proposals for a carbon tax, which typically involve a tax rate that rises over time. We do
this for simplicity: it is easier to understand and to explain the effects of a constant carbon tax
rate than the effects of a carbon tax rate that changes over time. Similarly, many proposals
would announce the carbon tax prior to when it is imposed, so that the economy has some time
to adjust before the policy takes effect.* Again, for simplicity, we assume that the tax swap is

implemented immediately, without any pre-announcement.

? An alternative approach would be to hold revenue constant in each time period, which would imply that the
offsetting tax rate cut would need to vary slightly from period to period. This would make the results somewhat
more difficult to interpret, because agents in the model would react to the period-to-period tax changes. Looking at
a tax swap that keeps rates constant over time (after the initial change) is simpler.

* However, Williams (2010) suggests that it is more efficient not to pre-announce environmental policy.
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Figure 6 shows the revenue raised by the carbon tax for the first 25 years, in each of the
three cases considered (swapping a carbon tax for a lower tax rate on capital, labor, or
consumption). In each case, the $20/ton tax initially raises roughly $105 billion/year (in 2004
dollars), with the revenue rising over time at roughly 3% per year as the economy grows. Note
that the carbon tax revenue is not exactly the same across the three cases, but is very similar.
Whether the carbon tax substitutes for a tax on capital, labor, or consumption matters for the size
and growth rate of the economy, as well as for the composition of the economy, and those in turn

matters for the level of carbon tax revenue. But the resulting differences are quite small.

Figure 7 shows the offsetting tax cuts made possible by the revenue from the carbon tax.
The carbon tax can fund roughly a 4.4 percentage-point cut in the tax on capital, a 1.46
percentage-point cut in the tax on labor, or a 0.86 percentage-point cut in the tax on
consumption. As noted earlier, each of these offsetting tax cuts is a one-time, permanent cut that
exactly offsets the revenue from the carbon tax, such that the present discounted value of tax

revenues remains the same as in the benchmark.

There are two reasons why the percentage-point cut is biggest for the capital tax and
smallest for the consumption tax. First, the tax base is biggest for the consumption tax
(consumption is more than either labor or capital income by itself) and smallest for the capital
tax (capital income is a smaller share of the economy than labor income). In the absence of any
behavioral responses to the tax change, a given amount of revenue can fund a larger percentage-
point cut for a tax with a smaller base. Second, to the extent that there is a behavioral response
(and thus an efficiency gain) from the tax cut, that will imply a smaller revenue loss from any
given rate cut — or a larger cut for any given revenue loss. The capital tax is the most
distortionary of these three taxes, while the consumption tax is the least distortionary. Thus, both
of these reasons cause the offsetting percentage-point cut to be biggest for the capital tax and

smallest for the consumption tax.

The net effect of the tax swap on the welfare of each generation is shown in Figure 8.
The horizontal axis in the figure covers the different generations in the model that are affected by
the tax swap, starting from the generation born 50 years before the tax swap (generation t-50)
and running through the generation born 100 years after the tax swap (generation t100). The

vertical axis shows the equivalent variation for the welfare effect of the tax swap, expressed as a
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percentage of discounted remaining lifetime consumption (where a positive equivalent variation
indicates that a given generation is made better off). Note that this measure does not include any

environmental benefits that result from lower carbon emissions.’

The first thing to note in this figure is the difference in overall efficiency across the three
cases. Most generations are better off when carbon tax revenues are used to cut the capital tax
than they are if they are used to cut the labor tax, and better off when revenues are used to cut the
labor tax than if they are used to cut the consumption tax. And the overall efficiency ranking of
the policies reflects that: using carbon tax revenues to cut the capital tax is overall the most
efficient of the three cases, and using them to cut the consumption tax is the least efficient. As
noted earlier, the capital tax is the most distortionary of the three taxes, and the consumption tax
the least distortionary, so the revenue-recycling efficiency gain is largest when cutting the capital

tax and smallest when cutting the consumption tax.

These efficiency results are very similar to results from the prior literature on
environmental tax swaps in models that include both capital and labor taxes (e.g., Bovenberg and
Goulder, 1996). However, because those models assumed an infinitely-lived representative
agent, they couldn’t look at the distributional effects across generations. Those distributional

effects are interesting and important.

While using the carbon tax revenue to reduce the consumption tax is the least efficient of
the three cases, it provides large net benefits for generations that are relatively old at the time of
the tax swap. Generations that are at least 35 years old at the time of the tax swap are made
better off by the tax swap, even ignoring any environmental benefits. Agents near the end of their
lifespans are consuming a lot, so they benefit greatly from the lower consumption tax. The
carbon tax also pushes up the price of consumption, but because some of the burden of the
carbon tax is passed back to factors of production (capital and labor), it puts less burden on
consumption than the consumption tax does. Thus, the net effect is to make the oldest
generations at the time of the swap better off. But this comes at a substantial cost for younger

generations.

® We omit environmental benefits not because such benefits are unimportant — indeed, they are probably the most
important reason to pursue an environmental tax swap — but because our focus here is on the non-environmental
effects, and because of the uncertainty in estimates of the environmental benefits.
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Using the carbon tax revenue to cut labor taxes has an opposite effect on the oldest
generations. Agents near the end of their lifespans are working very little, and are deriving most
of their income from capital and from government transfers. Thus, they get very little benefit
from the labor tax cut, but still bear a significant burden from the carbon tax. Younger
generations do better under this policy, though no generation gets a net benefit from the swap

(again, ignoring any environmental gains).

Interestingly, the welfare effect across generations in this case is non-monotonic in age at
the time of the swap: generations that are young at the time of the swap bear a smaller net cost
from the swap than either those born earlier (for the reasons noted in the previous paragraph) or
those born later. One effect in this labor-tax-swap case is to lower the long-run level of the
capital stock (imposing a carbon tax and lowering the labor tax raises the net tax burden on
capital, thus discouraging saving and lowering the capital stock). This lower long-run capital
stock lowers returns to labor for future generations, making them worse off. But it takes some
time to transition to that lower capital stock, so those who alive at the time of the swap are hurt

less by that lower long-run capital stock than those who are born later.

The distribution of welfare changes across generations in the capital-tax swap case is
perhaps the most interesting. The oldest generation alive at the time of the swap (t-50) is made
worse off by the swap, those who are somewhat younger (generations t-45 to t-25) are made
better off, those who are younger still (generations t-20 to t5) made worse off, and then

generations born more than five years after the swap are made better off again.

For the oldest generation, the reason is fairly simple: that generation is getting relatively
little income from capital, having already started spending down its savings. Thus, that
generation gets relatively little benefit from the lower capital tax rate compared to the higher cost
it bears as a result of the carbon tax. Somewhat younger generations (t-45 to t-25) have more
assets at the time of the swap, and thus benefit more from the lower capital tax rate and are made
better off overall. And future generations (t10 and later) benefit because the long-run capital
stock is higher (the capital tax rate cut encourages saving and increases the capital stock), thus
pushing up their returns to labor. However, because the capital stock takes time to adjust,
generations that are young at the time of the swap or born just after it (generations t-20 to 5)

don’t benefit as much from the higher capital stock as do later generations. And because they’re
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paying the carbon tax (and not deriving relatively little benefit from the lower capital tax) during

their early years in the workforce, they do worse than earlier generations.

These distributional results across generations are potentially quite important. Policies to
reduce carbon emissions are generally viewed as a transfer from present generations (who bear
the cost of the policy) to future generations (who get the environmental benefits). And since
present generations are the ones deciding on today’s policy, this presents a political problem for
enacting any carbon policy. But in two of the three cases considered here, some present
generations are made better off by the tax swap. In such a case, it might be much easier to get
present generations to support carbon emissions reductions. Interestingly, one of these two cases
is the least efficient policy overall (the consumption-tax swap), but the other is the most efficient

(the capital-tax swap).

Figure 9 shows the changes in the time path of capital supply for the three revenue-
neutral tax swap cases. As noted earlier, swapping a carbon tax for a lower capital tax lowers the
net tax burden on capital, thus encouraging saving and yielding an increase in the capital stock
over time. Swapping a carbon tax for a lower labor or consumption tax has the opposite effect,

raising the net tax burden on capital and lowering the capital stock over time.

The effects of the tax swaps on labor supply (Figure 10) are more complex. Swapping a
carbon tax for a lower labor tax rate lowers the net tax burden on labor, so labor supply
increases, but as the capital stock adjusts downwards in this case, that gradually lowers returns to
labor, so the increase in labor supply is smaller in the long run than in the short run. An opposite
pattern shows up for the capital-tax-swap case. The net effect in this case is to raise the tax
burden on labor, so labor supply falls in the short run, but the capital stock adjusts upward over
time, raising returns to labor, and that latter effect dominates, so in the long run, labor supply is

higher.

Finally, Figure 11 shows the changes in carbon emissions resulting from each of the
revenue-neutral tax swaps. In each case, the $20/ton carbon tax causes a roughly 13% reduction
in carbon emissions. In the capital-tax-swap case, the drop in emissions is relatively large in the
short run, but then declines over time as the capital stock (and thus the overall level of

production in the economy) rises. The opposite pattern arises in the other two cases, but again is
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driven largely by the change in the capital stock: in those two cases, the capital stock falls over
time, so carbon emissions also fall. Note however, that the differences in emissions across the
three cases are relatively small: the long-run drop in emissions in the capital-tax-swap case is

roughly 12.7%, and in the consumption-tax-swap case it’s roughly 13.3%.

3.2 DeficitReduction Packages

The second set of policy simulations looks at the effects of including a carbon tax in a
package of deficit-reducing policies. In each case, the overall package brings down the long-run
debt/GDP ratio to 60% (which is widely considered to be a sustainable long-run level). Half of
the necessary reduction in the deficit is accomplished by cutting government spending, and half
by increasing tax revenue.® Again, as with the revenue-neutral tax swap cases, the policies are

implemented in period zero with no advance notice, and are a one-time permanent change.

Each of the three cases we consider compares the effect of achieving that tax revenue
increase with a combination of a carbon tax and an increase in one of the three other main taxes
in the model (capital, labor, and consumption) to the effect of achieving the revenue increase
with that other tax alone. For example, the capital tax case compares achieving the revenue
increase with a carbon tax plus a capital tax increase, versus getting that same revenue increase

just by raising the capital tax.

One way to think about this is as the effect of getting the last $100 to $200 billion of
revenue increases in a deficit-reduction package from the carbon tax versus some other tax.
Another way would be to look at it as a revenue-neutral tax swap, but starting from a baseline in
which we substantially increase taxes (and cut government spending) in order to reduce the

deficit.

® We use a combination of spending cuts and tax increases both because achieving this level of deficit reduction
using tax increases alone is quite difficult and because it appears likely that any politically feasible deficit reduction
plan will include both tax increases and spending cuts. The combination of a 60% debt/GDP target and a 50-50 mix
of tax increases and spending cuts is consistent with a number of major policy proposals, including the Rivlin-
Domenici plan. <add citation? Mention others?>
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Figure 12 shows the revenue from the carbon tax in each of the three cases. The amount
of revenue raised by the carbon tax is lower in the deficit-reduction cases than it was in the
revenue-neutral tax swap cases, particularly in the long run. The deficit-reduction packages slow
the growth of the economy somewhat, resulting in lower carbon emissions and thus less carbon

tax revenue.7

The differences in revenue across the three cases are larger than in the revenue-neutral
tax swap cases. This reflects the fairly substantial increases in tax revenue in the deficit
reduction packages, which are achieved with different taxes in the different cases (e.g., the
capital tax case includes a substantial capital tax increase in addition to the carbon tax, while the
consumption tax case includes a substantial consumption tax increase in addition to the carbon
tax). Those different taxes have significantly different effects on overall economic activity, thus
leading to different levels of carbon emissions and carbon tax revenue. The capital tax has the
biggest long-run effect on the economy and the consumption tax the smallest, so therefore the
capital-tax case has the lowest long-run level of carbon tax revenue and the consumption-tax
case the largest. The differences in carbon tax revenue across cases are still relatively modest,

however.

Figure 13 shows the difference that including the carbon tax in the deficit-reduction
package implies for the other tax in the package. For example, the figure shows including a
carbon tax along with a capital tax increase allows the necessary capital tax increase to be
approximately 1.7 percentage points smaller. As with the revenue-neutral tax swaps, the carbon
tax makes the biggest difference for the rate of the capital tax and the smallest difference for the

consumption tax (for the same reasons as discussed previously).

Figure 14 shows the welfare effects of including a carbon tax in each of the deficit-
reduction packages. The general picture is somewhat similar to the analogous figure for the
revenue-neutral tax swap cases (Figure 8). Substituting a carbon tax for a capital tax is the most

efficient of the cases, and substituting a carbon tax for a consumption tax is the least efficient,

7 It is worth reiterating here that the benchmark calibration assumed that the government debt can keep growing
forever without any negative consequences, which is a highly unrealistic assumption. Under more realistic
assumptions about the consequences of high and rising levels of government debt, deficit reduction would likely
boost the level of economic activity rather than reducing it, particularly in the long run.
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just as with the revenue-neutral swaps. And the general pattern of distributional effects across

generations in each case is fairly similar to the corresponding revenue-neutral tax swap case.

However, there are also some important differences from the revenue-neutral tax swap
results. The efficiency differences across the cases are larger than they were for the revenue-
neutral tax swaps. The large revenue increases necessary for deficit reduction imply higher tax

rates, thus magnifying efficiency differences across the different taxes.

The distributional effects across generations alive at the time of the swap also look
different, particularly for the capital-tax case. Under the revenue-neutral capital-tax swap,
generations t-45 to t-25 were made better off by the swap, and the distribution of welfare effects
was non-monotonic across generations. But for the deficit-reduction capital-tax case, all
generations before t0 are made worse off, and the welfare effects on generations living at the
time of the swap are monotonic across generations. The key difference here is the capital stock
adjustment. In the revenue-neutral capital-tax swap, the capital stock adjusted upward in
response to the tax swap. For the deficit reduction case, the deficit reduction package causes the
capital stock to drop substantially. That drop is smaller when the package includes a carbon tax
than when it relies only on a capital tax, but the transition effects of a smaller drop aren’t the

same as the effects of an increase.

This difference is potentially quite important. The revenue-neutral capital-tax swap case
made a substantial number of present generations better off, which might make it possible to
enact the policy, even if all of the environmental benefits go to future generations. But in the
deficit-reduction case, that pattern no longer appears. Among the deficit reduction cases, the
only one that makes more than one current generation better off is the consumption-tax case —

which is also the least efficient overall.

Figures 15 and 16 show the changes in capital and labor supply for the deficit-reduction

package cases. These are similar to the analogous figures for the revenue-neutral tax swap cases.

Figure 17 shows the changes in emissions for the deficit reduction cases. As with the
revenue-neutral tax swap cases, substituting a carbon tax for a capital tax yields the smallest
decrease in emissions, and substituting it for a consumption tax yields the largest decrease in

emissions. However, the differences across the cases are substantially larger: for the revenue-
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neutral swap cases, the drops in emissions ranged from 12.7% to 13.3% across the three cases,
whereas here they range from 10.1% to 13%. Again, the tax rates are substantially higher for the
deficit-reduction simulations, and thus the differences in the effects of the different taxes are

magnified.

4. Conclusions

This paper investigates the effect of using a carbon tax for deficit reduction. We perform
two sets of policy simulations. In the first set of simulations, we simply model revenue-neutral
tax swaps that impose a carbon tax and lower one of the other taxes in the model, keeping the
present discounted value of tax revenue the same as in the benchmark equilibrium. In the second
set of simulations, we model deficit-reduction packages, and look at the effects of including a

carbon tax in the package of deficit-reducing policies.

The first set of simulations — the revenue neutral tax swaps — provide similar results for
the overall efficiency effects of the policies to what previous work in the tax-interaction literature
has suggested. Introducing a carbon tax and using the carbon tax revenue to cut capital taxes
provides an overall welfare gain, even ignoring any environmental benefits from lower carbon
emissions (i.e., this case provides a strong double dividend). Imposing a carbon tax and cutting
labor taxes yields a small welfare loss (again, ignoring any environmental benefits). And a
carbon tax-consumption tax swap yields a somewhat larger welfare loss. These results are
consistent with prior dynamic models of environmental tax swaps, as well as with results from
the broader public finance literature that suggest capital taxes are particularly inefficient and

consumption taxes particularly efficient.

The simulations also provide interesting results for the distribution of costs across
generations. Even though the carbon tax-consumption tax swap is the least efficient overall, it
still provides a welfare gain for generations that are at least 35 years old at the time of the swap:
these generations get a larger benefit from lower consumption taxes than the cost they bear from
the carbon tax. Conversely, the carbon tax-capital tax swap provides a net efficiency gain, but
still makes some generations worse off (those who are relatively young or very old at the time of

the swap). And the carbon tax-labor tax swap makes all generations worse off.
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Results from the second set of simulations — looking at the effects of including a carbon
tax in a package of deficit reduction measures — are broadly similar to those from the first set,
though there are still important differences. Tax rates are substantially higher in these cases,
which magnifies the efficiency and distributional differences across the different cases. And the
welfare implications for those generations alive at the time of the swap are also somewhat
different. For example, while including a carbon tax in a package that relies primarily on capital
tax increases makes future generations better off, it makes all present generations worse off
(whereas the analogous revenue-neutral tax swap benefits most present generations and all future

generations).

In future work, we also plan to look at policy comparisons that vary the time path of
deficit reductions (e.g., using revenue from a carbon tax now to reduce the necessary increase in

some other tax ten years from now).
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Appendix: Full Algebraic Description of the Equilibrium Model
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Figure 8
Revenue-Neutral Tax Swaps: Welfare Changes
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Figure 14
Deficit-Reduction Packages: Welfare Changes
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