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Motivation: The Climate Transition Needs Better Tools

• Emissions must fall 45% by 2030, net-zero by 2050 to meet the 1.5°C goal [United Nations,
2023].

• Countries are deploying large-scale green subsidies (e.g., IRA, EU Green Deal).
• These raise three key macro questions:

▶ How should subsidies be designed?
▶ What trade-offs do they involve?
▶ How should they be financed?

• Standard macro models treat sectors as either “green” or “dirty” — missing the complexity
of real-world production.
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Motivation: A Task-Based View of Green Production

• Production is a continuum of tasks with varying environmental footprints.
• Example: EV production spans mining to assembly — each task has different green

potential.
• This paper:

▶ Builds a GE model with a continuous greenness index.
▶ Allows green vs. traditional input choice at the task level.
▶ Captures task-level productivity and skill complementarity.

• Goal: Assess when green subsidies are effective, welfare-improving, and fiscally efficient.
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Project Framework
1. Research Questions

▶ How effective are green input subsidies in promoting the use of green inputs that improve
environmental quality?

▶ What are the welfare implications of green input subsidies?
• Are green input subsidies always welfare-improving?
• What is the least welfare-distorting method of financing these subsidies?

2. Methodology
▶ Adapt Acemoglu and Restrepo [2018]’s task-based model for the green transition.
▶ Calibrate the model to US labor market data.
▶ Perform consumption-equivalent welfare analysis to equalize welfare across states.

3. Findings
▶ The effectiveness of green input subsidies depends on the relative productivity of green versus

traditional inputs.
▶ For the subsidy to be welfare-improving, the positive externality from green inputs must be

substantial (equivalent to a 4.3% increase in consumption).
▶ Lump-sum tax is least distortionary, followed by capital income tax, and then labor income tax.
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Literature and Contribution

1. Targeted Green Policies
▶ Taxes: Nordhaus and Boyer [2000]; Angelopoulos et al. [2010]; Fischer and Springborn [2011]; Heutel [2012]; Golosov

et al. [2014]; Hassler et al. [2016]; Fried [2018]; Barrage and Nordhaus [2023]; Traeger [2023].
▶ Subsidies: Newell et al. [2019]; Palmer and Burtraw [2005]; Fischer and Newell [2008]; Hassler et al. [2020]; Casey

et al. [2023]; Benkhodja et al. [2023].

→ Contribution: Relative productivity is relevant for green production/input subsidies’
effectiveness.

2. Task-Based Models: Tools for Structural Transformation (Automation)
▶ Key References: Acemoglu and Autor [2011]; Acemoglu and Restrepo [2018]; Hémous and Olsen [2021]; Vona et al.

[2019]; Vona et al. [2018]; Vona [2021].

→ Contribution: Adapt the task-based framework for the green transition.
3. Green Transition and Labor Market

▶ Labor Productivity: Zivin and Neidell [2012]; Fullerton et al. [2012]; Hsiang et al. [2017]; Zivin and Neidell [2013].
▶ Green Policies =⇒ Labor: Martinez-Fernandez et al. [2010]; Bowen and Kuralbayeva [2015]; Popp et al. [2020]; Vona

et al. [2021].

→ Contribution: Focus on green labor input and labor market policy.
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How to think of task-based model?
Binary sectoral approach

𝑓 (𝐾, 𝐿)

Clean
sector

Dirty
sector

Task-based approach

𝑀𝑖𝑛𝑖𝑛𝑔 𝐸𝑉𝐸𝑛𝑔𝑖𝑛𝑒𝑒𝑟𝑖𝑛𝑔𝐴𝑠𝑠𝑒𝑚𝑏𝑙𝑖𝑛𝑔

Labor services(L)

greenness (j)

+ K

A task-based model offers:
• A continuous measure of greenness.
• Dynamic mapping between production

tasks and productive factors.



7/16

Introduction Task-based model Quantitative Analysis Conclusion References

Summary of the Paper

1. Adapt Acemoglu and Restrepo [2018]’s task-based approach to analyze the green transition.
▶ A continuum of tasks, ordered by a greenness index [Vona et al., 2018], is required to produce a

good.
▶ Each task can be performed using either green (labor) input or traditional (labor) input, with

relative productivity varying across tasks [Vona et al., 2019].

2. Environmental quality improves when green inputs are used:

𝑢(𝐶, 𝐿𝑛, 𝐿𝑔) = ln𝐶 + 𝜂 ln(1 − 𝐿𝑔 − 𝐿𝑛) + ln 𝐸 𝐸 = 𝑒
𝜓

∫ 𝑁
𝑁−1 𝑙

𝑔

𝑗
𝑑 𝑗
, 𝜓 > 01

3. Characterize the misallocation of green (labor) inputs by comparing the competitive
equilibrium (CE) to the social planner’s problem (SPP).

4. Evaluate the effectiveness of subsidizing the cost of using green (labor) input.

5. Calibrate the model to analyze how productivity schedules impact subsidy effectiveness.

6. Conduct welfare analysis of the subsidy and explore various funding mechanisms.

1Aghion et al. 2024 uses a similar externality from underlying technology.
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Task-based Modelling Choices

• Core Concept: Tasks are fundamental units of productivity; skills enable task performance.

• Production: Divided into tasks; labor with varying skills competes for tasks.

• Green Tasks: Measured by Vona et al. [2018] using O*NET data.

Greenness𝑘 =
#green specific tasks𝑘
#total specific tasks𝑘

▶ High Greenness: Environmental Engineers
▶ Low Greenness: Mining

• Green skills : Based on General Green Skills measured by Vona et al. [2019].
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Model Structure

• Firms: 𝑌 = 𝐾𝛼𝐿1−𝛼, 𝐿 =

(∫ 𝑁

𝑁−1 𝑡
𝜒−1
𝜒

𝑗
𝑑𝑗

) 𝜒

𝜒−1
, and 𝑡 𝑗 = 𝛾

𝑛
𝑗
𝑙𝑛
𝑗
+ 𝛾𝑔

𝑗
𝑙
𝑔

𝑗
.

• Everything else standard except in task-based model,

𝐿 =

((∫ 𝐽

𝑁−1
(𝛾𝑛𝑗 )𝜒−1 𝑑𝑗

) 1
𝜒

(𝐿𝑛)
𝜒−1
𝜒 +

(∫ 𝑁

𝐽

(𝛾𝑔
𝑗
)𝜒−1 𝑑𝑗

) 1
𝜒

(𝐿𝑔)
𝜒−1
𝜒

) 𝜒

𝜒−1

.

Factor share influenced by 𝐽 is endogeneously determined.

• Key Assumption:
𝛾
𝑔

𝑗

𝛾𝑛
𝑗

is continuously differentiable and increasing in 𝑗 .2

2Definition of green skills based on Vona et al. [2019] are based on the skills required for green jobs in Vona
et al. [2018].
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Competitive equilibrium vs. Social Planner’s Task Allocation 𝐽

• Market allocates tasks based on relative effective costs 𝐽 :
𝛾
𝑔

𝐽

𝛾𝑛
𝐽

=
𝑊𝑔

𝑊𝑛
.

𝑁 − 1 𝑁𝐽

non-green input green input

greenness index(j)

• There exists an environmental benefit of using green inputs on performing tasks:

Households: 𝑢(𝐶, 𝐿𝑛, 𝐿𝑔) = ln𝐶 + 𝜂 ln(1 − 𝐿𝑔 − 𝐿𝑛) + 𝑙𝑛𝐸 𝐸 = 𝑒
𝜓

∫ 𝑁
𝑁−1 𝑙

𝑔

𝑗
𝑑 𝑗
, 𝜓 > 0.

• Given externality, a Social Planner allocates more tasks to green input than what a CE would.

𝑁 − 1 𝑁𝐽𝑐𝑒𝐽𝑠𝑝

SP’s non-green input SP’s green input
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Implementation and Effectiveness

1. Implement 𝐽𝑠𝑝 < 𝐽𝑐𝑒 using the following task-specific green input subsidy:3

𝜏
𝑔

𝑗
=

{
0 if 𝑗 ≤ 𝐽𝑠𝑝

1 − 𝑌𝐿𝑛

𝑌𝐿𝑔

𝛾𝑛 ( 𝑗 )
𝛾𝑔 ( 𝑗 )+𝜓 ≥ 0 if 𝑗 > 𝐽𝑠𝑝

2. Effectiveness of the subsidy depends on the relative productivity schedule:

𝐽 :
𝛾
𝑔

𝐽

𝛾𝑛
𝐽

=
𝑊𝑔

𝑊𝑛

=⇒ 𝑑 ln 𝐽 =
1

𝜖 𝛼̄,𝐽
(𝑑 ln𝜔), where 𝜖 𝛼̄,𝐽 =

𝑑 ln
(
𝛾
𝑔

𝐽

𝛾𝑛
𝐽

)
𝑑 ln 𝐽

.

3Intuition: The subsidy increases the cost-competitiveness of green labor for tasks where it’s less productive
than non-green labor, capturing the added environmental benefits.
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Model Calibration: Parameters

• Standard RBC parameters: 𝛼 = 0.33, 𝛽 = 0.99, 𝛿 = 0.025, 𝜂 = 1; other key parameters:

Parameter Value Description Source
𝜒 ⊕ 1.5 Substitution elasticity between Papageorgiou et al. [2017],

green and traditional input Casey et al. [2023]
𝜓 0.4 Externality weight4 Angelopoulos et al. [2010]

• Relative productivity schedule formulation:
𝛾
𝑔

𝑗

𝛾𝑛
𝑗
=

𝐴· 𝑗𝜈𝑔
𝐵· (1− 𝑗)𝜈𝑛 ; normalize 𝛾𝑛

𝑗
= 1 =⇒

𝛾
𝑔

𝑗

𝛾𝑛
𝑗
= 𝐴 · 𝑗𝜈 .

• Calibration based on:
▶ Vona et al. [2018] findings that green occupations are, on average, higher-skill and less routine-intensive than non-green

occupations.
▶ Productivity elasticity 𝜈 = 2.12 for routine intensity (in line with Acemoglu et al. [2020]) and 𝜈 = 0.67 for skill

intensity (in line with Marczak et al. [2022]).

• Parameters chosen to match:
▶ Green employment estimate of 19.4% [Bowen et al., 2018].
▶ Green wage premium of 2% [Shibata et al., 2022].

4Higher bound typically assigned to public goods in related utility functions; ≡ 1.4% increase in consumption.
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Simulation Results: Effectiveness of Green Input Subsidy
Goal: Subsidize green input cost to allocate more tasks to green inputs, i.e. decrease 𝐽

Fig 1: Relative productivity between green and trad.
inputs across tasks Fig 2: Effectiveness of subsidy in decreasing 𝐽

Key Findings: The effectiveness of green input subsidies depends critically on the relative productivity
of green versus traditional inputs and the initial task allocation threshold, 𝐽.
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Welfare analysis: productivity vs. environmental benefits tradeoff
𝜕W
𝜕𝐽︸︷︷︸

total welfare effect

=
𝜕𝑌

𝜕𝐽︸︷︷︸
productivity effect

− 𝜂

1 − 𝐿𝑛 − 𝐿𝑔

[
𝜕𝐿𝑔

𝜕𝐽
+ 𝜕𝐿

𝑛

𝜕𝐽

]
︸                              ︷︷                              ︸

labor reallocation effect

+ 𝜓 · 𝜕𝐿
𝑔

𝜕𝐽︸   ︷︷   ︸
environmental benefit

Fig 3: Welfare for different values of externality parameter 𝜓
Main takeaway: ∃ productivity and environmental benefit tradeoff; the positive externality needs to be greater than
𝜓 = 1.21(≡ 4.3% ↑ in 𝐶) to be welfare-improving.
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Welfare analysis: comparison of different financing methods
Calculate the necessary % change in initial consumption 𝜔 to equalize welfare across states.

{ [𝑙𝑛(𝜔𝐶 ) + 𝜂 ln(1 − 𝐿𝑔 − 𝐿𝑛 ) + 𝜓𝐿𝑔 ] − [𝑙𝑛(𝐶′ ) + 𝜂 ln(1 − 𝐿𝑔
′ − 𝐿𝑛

′ ) + 𝜓𝐿𝑔
′ ] } = 0, 𝑊𝑙 = (1 − 𝜔) ∗ 100

Fig 4: Tax Sizes for Different Subsidy Rates Fig 5: Welfare costs for financing methods

→ Main takeaway: Lump-sum tax is the least welfare-distorting financing tool.
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Conclusion

• Introduce a task-based GE model with a continuous greenness index.
• Core insight: Markets allocate too few green tasks ⇒ need for corrective subsidies.

• Policy findings:
▶ Design: Focus on sectors where green inputs are nearly as productive; support with

R&D/infrastructure.
▶ Welfare: A 5% subsidy raises welfare if 𝜓 > 1.2; gains increase with task substitutability (𝜒).
▶ Financing: Lump-sum taxes are least distortionary; labor taxes most.

• Implication: Well-targeted subsidies can green production without heavy fiscal cost.
• Next steps: Extend model to include capital, energy, and macro policy tools.
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Understanding Endogeneous threshold

• Endogenous task-threshold: 𝐽 :
𝛾
𝑔

𝐽

𝛾𝑛
𝐽

=
𝑊𝑔

𝑊𝑛
=

(
𝐿𝑛

𝐿𝑔

) 1
𝜒

( ∫ 𝑁
𝐽

(𝛾𝑔
𝑗
)𝜒−1 𝑑 𝑗∫ 𝐽

𝑁−1 (𝛾
𝑛
𝑗
)𝜒−1 𝑑 𝑗

) 1
𝜒

.

Understanding the endogenous threshold 𝐽.
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Structural Estimation Equation of 𝜒
𝑑 ln 𝑠∗𝐿𝑔 = −

[
𝑠𝑇𝐿𝑛 · (− (1 − 𝜒) + 𝑠

𝑓

𝐾
(1 − 𝜎) )

]
𝑑 ln 𝛾𝑛 −

[
(1 − 𝜒) + 𝑠𝑇𝐿𝑔 · (− (1 − 𝜒) + 𝑠

𝑓

𝐾
(1 − 𝜎) )

]
𝑑 ln 𝛾𝑔

+


−𝛾 (𝜒−1)
𝐽∫ 𝑁

𝐽
(𝛾𝑔
𝑗
)𝜒−1 𝑑 𝑗

+ 1

1 − 𝜒
·

(
𝑊𝑛

𝛾𝑛
𝐽

)1−𝜒
−

(
𝑊𝑔

𝛾
𝑔

𝐽

)1−𝜒
𝑃𝐿 (𝑖)1−𝜒

· (− (1 − 𝜒) + 𝑠
𝑓

𝐾
(1 − 𝜎) )

︸                                                                                                             ︷︷                                                                                                             ︸
𝛽1

𝑑𝐽

+


𝛾
(𝜒−1)
𝑁∫ 𝑁

𝐽
(𝛾𝑔
𝑗
)𝜒−1 𝑑 𝑗

+ 1

1 − 𝜒
·

(
𝑊𝑔

𝛾
𝑔

𝐽

)1−𝜒
−

(
𝑊𝑛

𝛾𝑛
𝐽

)1−𝜒
𝑃𝐿 (𝑖)1−𝜒

· (− (1 − 𝜒) + 𝑠
𝑓

𝐾
(1 − 𝜎) )

︸                                                                                                             ︷︷                                                                                                             ︸
𝛽2

𝑑𝑁

+
[
𝑠𝑇𝐿𝑛 · (− (1 − 𝜒) + 𝑠

𝑓

𝐾
(1 − 𝜎) )

]
︸                                        ︷︷                                        ︸

𝛽3

𝑑𝑊𝑛 +
[
1 − 𝜒

𝑊𝑔
+ 𝑠𝑇𝐿𝑔 · (− (1 − 𝜒) + 𝑠

𝑓

𝐾
(1 − 𝜎) )

]
︸                                                     ︷︷                                                     ︸

𝛽4

𝑑𝑊𝑔 −
[
𝑠
𝑓

𝐾
(1 − 𝜎)

]
︸           ︷︷           ︸

−𝛽5

𝑑 ln𝑅.

Here, similar to Baek and Jeong [2023], 𝜎 = 1 + 𝛽5

𝑠
𝑓

𝐾

𝜒 =
𝛽3 + 𝛽5𝑠

𝑇
𝐿𝑛

𝑠𝑇
𝐿𝑛

.
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