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How do we characterize sector-level transition risk?
• Emissions are concentrated

in several low-output
sectors.

• Q: What is the relative
scale of

• Direct effects?: Carbon
tax on scope 1

• Indirect effects?: Supply
chain - scope 2, scope 3.

• see figure

Source: EXIOBASE 3: US data.
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Introducing: Production Network Models
• Pioneered by Long and Plosser

(1983).

• Applied to carbon tax setting by
McKibbin et al. (2018), Devulder
and Lisack (2020), etc.

• CES production: elasticity σ

• Usually, base structure
calibrated on World
Input-Output Database.

• Issue: Sector categorization
combines green and fossil-fuel
energy.

final good 1

int. good 1
green/brown

int. good 2
green/brown

int. good 1
green/brown

int. good 2
green/brown

σ

σ
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This Paper:
• Uses EXIOBASE environmentally
augmented I/O tables.

• Divides green vs non-green.

Results
• Decline for fossil-fuel linked

industries. Increase for green
energy linked industries,
depends on energy EOS σ

• Subsidy on green may be less
efficient than carbon tax.

• Provide conditions when scope
3 approximates transition risk.

final good 1

int. good 1
green

int. good 2
brown

int. good 1
green

int. good 2
brown

σ

σ
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Model
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Model: Overview
• Producers of good i : maximize

profit. Choose output yi , labor
demand li , and intermediate
good demand xij - given
production carbon tax τi , wages
w , and goods prices pi .

• Nested CES structure - see
diagram.

• Consumers maximize utility.
Choose consumption ci and
inelastically supply labor.
Receive lump sum transfer T .

• Two countries: US and ROW.

Output yi

Labor li Int. good Xi

Energy
goods Ei

xi1 . . . xiNE

Non-energy
goods Ii

xiNE+1 . . . xiN

η

θ

σ

ϵ
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Model: Input-Output Structure

Figure: Input-output structure visualization
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Model: Calibration - I

According to equilibrium conditions,

xbase
ij = αijF

base
i (1)

Where αij are CES share parameters.
Set

x̂ij :=
xbase
ij

F base
i

= αij (2)
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Model: Calibration - II

Direct requirements are defined as

DY ∼ F−1
i (Y) = X (3)

Equation (2) implies that the direct requirements matrix is
approximated in the model baseline factor shares/CES share
parameters.

Dmodel ∼ X̂ = A (4)

And so these parameters are set through I/O table.
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Data
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Data

• Need:
• Input/Output tables with separate green and non-green

sectors.
• Integrated emissions

• EXIOBASE3 (see Stadler et al (2018)) is designed to study
environmental impact.

• 163 industry by 200 product classification for 44 countries.
• Includes full categorization of green energy sectors.
• Reconciled estimates from primary sources.
• I combine into 31 sectors
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Emissions

Figure: Source: EXIOBASE3
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Forward Linkages to Emitting Sectors (Minus Self)
Top 10

Figure: Source: EXIOBASE3Krivorotov (OCC) Sectoral Transition Risk September 26, 2023
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Other Parameters

Parameter Description Estimate
σ Producer: Energy EOS 0.2− 4.7
ϵ Producer: Non-Energy EOS 0.1
η Producer: Energy - non-Energy EOS 0.1
θ Producer: Value Added - Int. Goods EOS 0.1
ρ Consumer: EOS 0.8
ϕ Consumer: Coefficient of Risk Aversion 2.0
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Results
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Carbon Tax

Real Value Added Percentage Change
Varying energy EOS σ
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Carbon Tax

Real Value Added Absolute Change
Varying energy EOS σ
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Carbon Tax

Aggregate Output
Varying energy EOS σ
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Carbon Tax

Direct vs Indirect Sector-Level Decomposition

• Question: What is the relative importance of direct vs
indirect effects?

• Approach: ”Leave one covariate out” (LOCO)-style analysis
1 Calculate effect on sector i when only taxing sector i .
2 Calculate effect on sector i when taxing all sectors.
3 Indirect effect on sector i is 2 minus 1
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Carbon Tax

Aggregate Real Value Added Change
Direct vs Indirect Sector-Level Decomposition
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Carbon Tax

Aggregate Real Value Added Change
Direct vs Indirect Aggregate Decomposition
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Renewable Subsidy

Real Value Added Percentage Change
Scope 1+2+3 Linear Approximation
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Renewable Subsidy

Real Value Added Percentage Change
Renewable Subsidy
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Renewable Subsidy

Government Transfer Comparison
Renewable Subsidy

• Transfer with $25
carbon tax ≈ 0.1

• Transfer with
high EOS subsidy
tends to be
higher.

• I.e. subsidy is less
efficient in
emissions
reduction?
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Discussion

Discussion

• Sector-level dynamics highly dependent on energy EOS
• 18%− 32% drop in response to 25$ carbon tax in fossil-fuel

electricity.
• 5%− 40% increase in response to 25$ carbon tax in

renewable electricity.
• Richer elasticity structures may produce more variation.

• Largest absolute losses are driven by indirect effects in large
low-emissions sectors.

• Renewable subsidies seem less efficient at shrinking
high-emissions sectors, especially with low energy EOS.
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Discussion

Work in progress

• Next step: estimating sector-specific EOS parameters
• Data needs: Sector specific input prices over time + factor

shares.
• Currently using EU KLEMS + EXIOBASE + misc. data

sources for renewables.

• Alternate IO table calibration - local models?
• USEEIO, State USEEIO.
• This provides an understanding of local sectoral impacts and

flows.
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Indirect vs Direct Effects

Figure: Source: Greenhouse Gas Protocol: Corporate Value Chain
(Scope 3) Accounting and Reporting Standard

back
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