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Motivation

Economists agree that carbon taxes are a powerful tool

But: Concerns about their impact on output and inequality

Li�le known about their general equilibrium e�ects

This paper:
Develop multi-sector energy model to evaluate aggregate and

distributional consequences of a $100-per-ton carbon tax
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What do we know so far?

Expenditure channel is regressive (Hasse� et al., 2009; Grainger and Kolstad,

2010; Mathur and Morris, 2014; Fremstad and Paul, 2017; Feindt et al., 2021)

Income channel is progressive if ...

• ...social transfers are indexed to inflation (Fullerton et al., 2011; Cronin et al.,

2019; Goulder et al., 2019)

• ...tax revenue is rebated lump sum (Rausch et al., 2011; Williams et al., 2015)

But studies so far ignore...

• ...the low short-run price elasticity of energy demand and the strong

complementarity between capital and energy

• ...that households work in di�erent sectors

• ...the feedback of household heterogeneity into aggregate dynamics

Comparison with Känzig (2021)

2



What do we know so far?

Expenditure channel is regressive (Hasse� et al., 2009; Grainger and Kolstad,

2010; Mathur and Morris, 2014; Fremstad and Paul, 2017; Feindt et al., 2021)

Income channel is progressive if ...

• ...social transfers are indexed to inflation (Fullerton et al., 2011; Cronin et al.,

2019; Goulder et al., 2019)

• ...tax revenue is rebated lump sum (Rausch et al., 2011; Williams et al., 2015)

But studies so far ignore...

• ...the low short-run price elasticity of energy demand and the strong

complementarity between capital and energy

• ...that households work in di�erent sectors

• ...the feedback of household heterogeneity into aggregate dynamics

Comparison with Känzig (2021)

2



What do we know so far?

Expenditure channel is regressive (Hasse� et al., 2009; Grainger and Kolstad,

2010; Mathur and Morris, 2014; Fremstad and Paul, 2017; Feindt et al., 2021)

Income channel is progressive if ...

• ...social transfers are indexed to inflation (Fullerton et al., 2011; Cronin et al.,

2019; Goulder et al., 2019)

• ...tax revenue is rebated lump sum (Rausch et al., 2011; Williams et al., 2015)

But studies so far ignore...

• ...the low short-run price elasticity of energy demand and the strong

complementarity between capital and energy

• ...that households work in di�erent sectors

• ...the feedback of household heterogeneity into aggregate dynamics

Comparison with Känzig (2021)

2



What do we know so far?

Expenditure channel is regressive (Hasse� et al., 2009; Grainger and Kolstad,

2010; Mathur and Morris, 2014; Fremstad and Paul, 2017; Feindt et al., 2021)

Income channel is progressive if ...

• ...social transfers are indexed to inflation (Fullerton et al., 2011; Cronin et al.,

2019; Goulder et al., 2019)

• ...tax revenue is rebated lump sum (Rausch et al., 2011; Williams et al., 2015)

But studies so far ignore...

• ...the low short-run price elasticity of energy demand and the strong

complementarity between capital and energy

• ...that households work in di�erent sectors

• ...the feedback of household heterogeneity into aggregate dynamics

Comparison with Känzig (2021)

2



What do we know so far?

Expenditure channel is regressive (Hasse� et al., 2009; Grainger and Kolstad,

2010; Mathur and Morris, 2014; Fremstad and Paul, 2017; Feindt et al., 2021)

Income channel is progressive if ...

• ...social transfers are indexed to inflation (Fullerton et al., 2011; Cronin et al.,

2019; Goulder et al., 2019)

• ...tax revenue is rebated lump sum (Rausch et al., 2011; Williams et al., 2015)

But studies so far ignore...

• ...the low short-run price elasticity of energy demand and the strong

complementarity between capital and energy

• ...that households work in di�erent sectors

• ...the feedback of household heterogeneity into aggregate dynamics

Comparison with Känzig (2021)

2



Main results

Aggregate e�ects:

• Carbon emissions fall by 25% a�er 5 years, 50% in long run

• GDP drops by 3% upon impact (4% long run)

• Large drop in investment; consumption initially goes up

Distributional e�ects:

• Substantial dispersion in consumption response across households

• Carbon tax initially progressive, but regressive over time

Tax progressivity driven by energy-capital complementarity

• Capital income falls more than labor income (“stranded assets”)

• Fall in wages in capital-producing sectors (well-paying jobs)

• Limited pass-through into consumer prices
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Model

4



Capital supply: pu�y-clay approach

Capital funds manage capital stocks on behalf of households

Capital stock in sector i consists of continuum of machines

Each machine defined by 2 technical features:

• e: energy requirement of machine (normalized to 1)

• z : size of machine (= energy e�iciency)

Capital capacity of a machine:

k = zχi e1−χi
= zχi
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Capital supply: pu�y-clay approach

Each period t , capital funds decide

• how many new machines to buy, xi,t

• the energy e�iciency, zi,t , of the new machines

Number of machines / Energy requirement X

Xi,t+1 = (1− δi,t )Xi,t + xi,t

Capital capacity K

Ki,t+1 = (1− δi,t )Ki,t + xi,tki,t

→ Energy requirement of capital stock is pre-determined!
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Utilization margin

Running time for machines: ui,t

Ei,t = ui,tXi,t

ui,tKi,t

Cost of utilizing machines:

• Cost of energy: pEi,t+

• Higher depreciation: δi,t (ui,t ) with δ′
i,t , δ

′′
i,t > 0
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Utilization margin

Running time for machines: ui,t

Energy consumption: Ei,t = ui,tXi,t

Capital services: ui,tKi,t

Move 1-for-1 in short run!

Cost of utilizing machines:

• Cost of energy: pEi,t + τEi,tτEi,tτEi,t → energy tax

• Higher depreciation: δi,t (ui,t ) with δ′
i,t , δ

′′
i,t > 0
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Embedding in a multi-sector model

Roundabout production: 404 sectors of BEA IO tables + car services

Carbon tax: on energy + on output for firms producing cement, ...

→ reflects carbon intensity of each sector (data from U.S. EPA)

Carbon intensity (
kg/$) Emissions

Non-energy Energy Total (%)

1 Cement manufacturing 6.17 2.21 8.38 0.9

2 State and local government electric utilities 0.00 4.72 4.72 5.3

3 Federal electric utilities 0.00 4.71 4.72 1.2

4 Electric power generation and transmission 0.00 4.62 4.62 31.5

5 Lime and gypsum product manufacturing 2.36 1.46 3.82 0.4

6 Copper, nickel, lead, and zinc mining 0.00 1.30 1.30 0.3

7 Motor vehicle services 0.00 1.20 1.20 16.8

8 Truck transportation 0.00 1.17 1.18 6.4

Carbon tax rebated via consumption tax
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Households

Continuum of households holding jobs ι ∈ [0, 1]

Inelastic labor supply with sticky wages

Work in one out of J sectors (gradual re-allocation)

→Labor income channel (CPS)

Non-homothetic preferences

→Expenditure channel (CEX)

Di�er in labor productivity and their holdings of capital fund shares

→Factor income channel (DINA)

NB: Stochastic discount factor puts larger weight on households with high

capital income (similar to TANK / HANK)

Details

9
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Results
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Response to unexpected tax of $100 per ton of carbon

More IRFs

Calibration
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Linking energy consumption to GDP

G̃DP t = φKφKφK︸︷︷︸
capital share=

1/3

Ẽt +

(
1− φK

)
L̃t +

∑
i

Ei

GDP
+

(
φK

+ φE
)

Z̃tZ̃tZ̃t

Short run, one sector:
Elasticity of GDP to E exceeds its share in GDP!
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[
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i

φE
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− φK

φE

]
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i

φE
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− φK
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Ẽi,t

[
φK

i

φE
i
− φK

φE

]
Ẽi,t︸ ︷︷ ︸

>0

+

(
φK

+ φE
)

Z̃tZ̃tZ̃t

Short run, multiple sectors:
Cross-sector substitution lowers elasticity: energy-intensive sectors

contract more
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Z̃tZ̃tZ̃t

Long run, multiple sectors:
Higher energy e�iciency Z̃tZ̃tZ̃t decouples GDP from energy use
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Response to unexpected tax of $100 per ton of carbon

More IRFs

Calibration
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Variation in consumption growth across households

Distribution of consumption changes across households
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Carbon tax is progressive in short run...

Carbon tax progressive

Income channels progressive

Expenditure channel regressive
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... but becomes more regressive over time

13



Why the factor income channel hurts the rich

Response of factor income

Energy-capital complementarity

strongly reduces capital income

Income shares by income percentile

Capital income more important

for high-income earners

14



Why the factor income channel hurts the rich

Response of factor income

Energy-capital complementarity

strongly reduces capital income

Income shares by income percentile

Capital income more important

for high-income earners

14



Why the labor income channel hurts the rich

What drives di�erences in labor income across sectors and workers?

Response across sectors in 1st year

Sectors that experience drop in

demand reduce labor payments

Drop in demand driven

by fall in investment

Share of income induced by investment

High-income earners over-

represented in capital-good sectors
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Why the expenditure channel hurts the poor a li�le

Tax pass-through into consumer prices

Sectors hit by tax raise prices

but initially not 1 for 1

Implied tax on consumption

Low-income consumers

more exposed to carbon tax

Due to energy-capital complementarity, higher taxes are passed on

to capital owners rather than consumers
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First-year response across model variations

Model ∆GDP ∆cB50
∆cT5

∆cT5−B50

(1) Baseline −2.96 1.83 −0.51 −2.34

(2) No utilization −2.17 2.91 −0.20 −3.11

(3) Cobb-Douglas −2.70 0.38 1.47 1.09

(4) Lump-sum rebate −3.11 14.15 −4.38 −18.53
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Inelastic capital supply:

• Smaller fall in GDP

• Stronger incidence on capital→ more progressive
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Model ∆GDP ∆cB50
∆cT5

∆cT5−B50

(1) Baseline −2.96 1.83 −0.51 −2.34

(2) No utilization −2.17 2.91 −0.20 −3.11

(3) Cobb-Douglas −2.70 0.38 1.47 1.09

(4) Lump-sum rebate −3.11 14.15 −4.38 −18.53

Lump-sum:

• Tax very progressive

• GDP drops more (permanent shock & non-homothetic preferences)
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Conclusion

�antitative multi-sector energy model to evaluate carbon tax

Complementarity of capital and energy...

...amplifies the e�ects of energy consumption on GDP

...makes carbon tax more progressive in the short run
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evidence from the 2011 Tōhoku earthquake,” Review of Economics
and Statistics, 2019, 101 (1), 60–75.

Caliendo, Lorenzo, Maximiliano Dvorkin, and Fernando
Parro, “Trade and labor market dynamics: General equilibrium

analysis of the China trade shock,” Econometrica, 2019, 87 (3),

741–835.

Clarida, Richard, Jordi Gali, and Mark Gertler, “The Science of

Monetary Policy: A New Keynesian Perspective,” Journal of
Economic Literature, 1997, 37, 1667–1707.

Cronin, Julie Anne, Don Fullerton, and Steven Sexton, “Vertical

and horizontal redistributions from a carbon tax and rebate,”

Journal of the Association of Environmental and Resource
Economists, 2019, 6 (S1).

19



Erceg, Christopher J, Dale W Henderson, and Andrew T
Levin, “Optimal Monetary Policy with Staggered Wage and Price

Contracts,” Journal of Monetary Economics, 2000, 46 (2), 281–313.

Feindt, Simon, Ulrike Kornek, José M Labeaga, Thomas
Sterner, and Hauke Ward, “Understanding regressivity:

Challenges and opportunities of European carbon pricing,” Energy
Economics, 2021, 103.

Flood, Sarah, Miriam King, Renae Rodgers, Steven Ruggles,
J. Robert Warren, and Michael Westberr, “Integrated Public

Use Microdata Series, Current Population Survey: Version 9.0

[dataset],” Technical Report, Minneapolis, MN: IPUM 2021.

Fraumeni, Barbara, “The measurement of depreciation in the US

national income and product accounts,” Survey of Current
Business-United States Department of Commerce, 1997, 77, 7–23.

Fremstad, Anders and Mark Paul, “A distributional analysis of a

carbon tax and dividend in the United States,” Political Economy
Research Institute Working Paper, 2017, 434.

19



Fullerton, Don, Garth Heutel, and Gilbert E Metcalf, “Does the

indexing of government transfers make carbon pricing

progressive?,” Technical Report, NBER Working Paper 2011.

Golosov, Mikhail, John Hassler, Per Krusell, and Aleh
Tsyvinski, “Optimal taxes on fossil fuel in general equilibrium,”

Econometrica, 2014, 82 (1), 41–88.

Goulder, Lawrence H, Marc AC Hafstead, GyuRim Kim, and
Xianling Long, “Impacts of a carbon tax across US household

income groups: What are the equity-e�iciency trade-o�s?,”

Journal of Public Economics, 2019, 175, 44–64.

Grainger, Corbe� A and Charles D Kolstad, “Who pays a price

on carbon?,” Environmental and Resource Economics, 2010, 46 (3),

359–376.

Grigsby, John, Erik Hurst, and Ahu Yildirmaz, “Aggregate

nominal wage adjustments: New evidence from administrative

payroll data,” American Economic Review, 2021, 111 (2), 428–71.

19



Hasse�, Kevin A, Aparna Mathur, and Gilbert E Metcalf, “The

incidence of a US carbon tax: A lifetime and regional analysis,”

The Energy Journal, 2009, 30 (2).

Hobijn, Bart and Fernanda Nechio, “Sticker shocks: using VAT

changes to estimate upper-level elasticities of substitution,”

Journal of the European Economic Association, 2019, 17 (3),

799–833.

House, Christopher L and Ma�hew D Shapiro, “Temporary

investment tax incentives: Theory with evidence from bonus

depreciation,” American Economic Review, 2008, 98 (3), 737–68.

, Christian Proebsting, and Linda L Tesar, “�antifying the

benefits of labor mobility in a currency union,” Technical Report,

National Bureau of Economic Research 2018.

Känzig, Diego, “The unequal economic consequences of carbon

pricing,” London Business School mimeo, 2021.

Karabarbounis, Loukas and Brent Neiman, “The Global Decline

of the Labor Share,” The �arterly Journal of Economics, 2013, 129
(1), 61–103.

19



Labandeira, Xavier, José M Labeaga, and Xiral López-Otero,

“A meta-analysis on the price elasticity of energy demand,”

Energy Policy, 2017, 102, 549–568.

Mathur, Aparna and Adele C Morris, “Distributional e�ects of a

carbon tax in broader US fiscal reform,” Energy Policy, 2014, 66,

326–334.

Pike�y, Thomas, Emmanuel Saez, and Gabriel Zucman,

“Distributional national accounts: methods and estimates for the

United States,” The �arterly Journal of Economics, 2018, 133 (2),

553–609.

Rausch, Sebastian, Gilbert E Metcalf, and John M Reilly,

“Distributional impacts of carbon pricing: A general equilibrium

approach with micro-data for households,” Energy Economics,
2011, 33.

U.S. Bureau of Economic Analysis, “Input-Output Accounts

Data,” Technical Report 2021.

U.S. Department of Labor, “Consumer Expenditure Survey,”

Technical Report 2021.

19



Williams, Roberton C, Hal Gordon, Dallas Burtraw, Jared C
Carbone, and Richard D Morgenstern, “The initial incidence

of a carbon tax across income groups,” National Tax Journal, 2015,

68 (1), 195–213.

20



Känzig (2021): E�ects of carbon pricing shocks

Empirical findings:

• Strong GDP response: Drop of 5% for 10% increase in energy prices

• Bo�om 25% with slightly stronger fall in income and stronger

expenditure response a�er 2-3 years

• Argues that poor work in demand-sensitive sectors

Theoretical model:

• Highly transitory carbon tax shock

• Hand-to-mouth households vs. savers

• Cobb-Douglas production function + revenue redistributed to savers

→ tax regressive→ demand amplification

Back

20



Household preferences

Utility for household working job ι in sector i at time t

ci,t (ι) =

 J∑
j=1

(
ωj
c(ci,t(ι))

) 1

σ
(

y j
ci ,t (ι)

)σ−1

σ

 σ
σ−1

• Household ι’s preference weight for good j

Budget constraint

(1 + τC
t )pci ,t (ι)ci,t (ι) = al(ι)wi,t li,t + ak,t(ι)divt

• al(ι): heterogeneity in labor productivity

• ak,t (ι): heterogeneity in ownership shares
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Labor supply

Labor supply by household type ι in sector i

Li,t (ι) = ni,t (ι)× al(ι)li,t

Labor supply within sectors (l):
Sticky wage model (Erceg et al., 2000) extended to allow for inelastic

labor supply (House et al., 2018)

Wage Phillips curve

π̃w
i,t =

(1− θwβ) (1− θw )

θw

˜li,t + βEt

[
π̃w

i,t+1

]
,
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Labor supply

Labor supply across sectors (n):

Perpetual youth model: each period cohort of size ψ is born / dies

Households born in t choose sector to maximize

max

i

{( ∞∑
s=0

[β(1− ψ)]
s Et

(
Ui,t+s

))
+

1

γ
εi,t − κi

}
.

Law of motion for number of households in sector i:

ni,t = (1− ψ)ni,t−1 + ψµi,t .

µi,t : Share of households choosing i

Back

23



Response to $100 carbon tax

Back

24



Calibration Table
Description Parameter Value Source / Target

Production
Curvature of capital in production function αi sec. sp. I-O tables, 2012, (alias?), Karabarbounis and Neiman (2013)

Weight on intermediate goods φi sec. sp. I-O tables, 2012

Weight on energy goods χi sec. sp. I-O tables, 2012

Input weights for final goods ωi
s sec. sp. I-O tables, 2012

Elast. of subst. value added and intermediates ξ 0.1 Boehm et al. (2019)

Elast. of subst. across goods σ 2 Hobijn and Nechio (2019)

Consumption preferences
Discount factor β 0.99 Standard value

Consumption basket weights ωj
c(ι) sec. & inc. sp. Estimated from CEX (U.S. Department of Labor, 2021) (see text)

Consumption elasticity

∂ lnωj
c(ι)

∂ ln c(ι)
sec. sp. Estimated from CEX (U.S. Department of Labor, 2021) (see text)

Income
Share of capital fund per income percentile ak(ι) perc. sp. Derived from DINA (Pike�y et al., 2018)

Labor productivity per income percentile al(ι) perc. sp. Derived from DINA (Pike�y et al., 2018)

Labor
Wage stickiness θw 0.85 Grigsby et al. (2021)

Share of workers leaving workforce ψL 0.025 Working life of 40 years

Propensity to change sectors γ 0.2 Artuç et al. (2010), Caliendo et al. (2019)

Average wage per sector wi sec. sp. Estimated from CPS data (Flood et al., 2021)

Distribution of income percentiles per sector ωl
i (ι) sec. & inc. sp. Estimated from CPS data (Flood et al., 2021)

Capital
Depreciation rate non-residential capital (p.a.) δ 0.07 Share non-residential investment in GDP (17%), 2000 - 2019

Depreciation rate housing (p.a.) δh 0.03 Share residential investment in GDP (3%), 2000 - 2019

Depreciation rate motor vehicles (p.a.) δd 0.16 Rates for motor vehicles (Fraumeni, 1997)

Investment adjustment cost f ′′ 2.50 House and Shapiro (2008)

Utilization adjustment cost δ′′
1

30

Short-run energy demand elasticity of 0.15-0.20 (Labandeira et al., 2017)

Fiscal and monetary policy
Share government consumption G 0.15 Share government consumption in GDP (15%), 2000 - 2019

Taylor rule persistence coe�icient ϕ 0.75 Clarida et al. (1997)

Taylor rule inflation coe�icient ϕπ 1.5 Clarida et al. (1997)

Back

25


	Model
	Results
	References

