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§ Robust literature measuring the causal effect of environmental policy changes, often 
measuring cost per ton of CO2 abated

§ Comparing estimates of cost per ton suffers from three limitations:

1) Input assumptions differ across papers
- Grid and vehicle emissions differ drastically over time (and across space) 
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§ Robust literature measuring the causal effect of environmental policy changes, often 
measuring cost per ton of CO2 abated

§ Comparing estimates of cost per ton suffers from three limitations:

1) Input assumptions differ across papers

2) “Cost” per ton of CO2 abated has at least 3 conceptually distinct and (often conflated) 
definitions in the literature
-  Resource cost per ton; government cost per ton; social cost per ton
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§ Robust literature measuring the causal effect of environmental policy changes, often 
measuring cost per ton of CO2 abated

§ Comparing estimates of cost per ton suffers from three limitations:

1) Input assumptions differ across papers

2) “Cost” per ton of CO2 abated has at least 3 conceptually distinct and (often conflated) 
definitions in the literature

3) “Cost per ton” methods each fail to fully capture welfare consequences
-Treatment of inframarginal transfers and non-CO2 benefits
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§ This paper: Extend and apply the Marginal Value of Public Funds (MVPF)       
framework to study the welfare impacts of US spending and revenue-raising policies 
addressing climate change

𝑀𝑉𝑃𝐹 =
𝑁𝑒𝑡	𝐵𝑒𝑛𝑒𝑓𝑖𝑡𝑠	𝑡𝑜	𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠

𝑁𝑒𝑡	𝐺𝑜𝑣𝑒𝑟𝑛𝑚𝑒𝑛𝑡	𝐶𝑜𝑠𝑡

The MVPF of Policies Impacting Climate Change 



§ This paper: Extend and apply the Marginal Value of Public Funds (MVPF)      
framework to study the welfare impacts of US spending and revenue-raising policies 
addressing climate change

𝑀𝑉𝑃𝐹 =
𝑁𝑒𝑡	𝐵𝑒𝑛𝑒𝑓𝑖𝑡𝑠	𝑡𝑜	𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠

𝑁𝑒𝑡	𝐺𝑜𝑣𝑒𝑟𝑛𝑚𝑒𝑛𝑡	𝐶𝑜𝑠𝑡

The MVPF of Policies Impacting Climate Change 

Net Benefits to Individuals

• Transfers

• Global and local environmental benefits

• Learning by doing externalities

• Profits



§ This paper: Extend and apply the Marginal Value of Public Funds (MVPF)       
framework to study the welfare impacts of US spending and revenue-raising policies 
addressing climate change

𝑀𝑉𝑃𝐹 =
𝑁𝑒𝑡	𝐵𝑒𝑛𝑒𝑓𝑖𝑡𝑠	𝑡𝑜	𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠

𝑁𝑒𝑡	𝐺𝑜𝑣𝑒𝑟𝑛𝑚𝑒𝑛𝑡	𝐶𝑜𝑠𝑡

The MVPF of Policies Impacting Climate Change 

Net Benefits to Individuals

• Transfers

• Global and local environmental benefits

• Learning by doing externalities

• Profits

Net Government Cost

• Upfront policy cost

• Impact of behavioral response on government 
budget (i.e., “fiscal externality”)
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§ Suppose: Policy 1 has 𝑀𝑉𝑃𝐹! = 1 and Policy 2 has 𝑀𝑉𝑃𝐹" = 2

– More spending on Policy 2 financed by less on 1 increases social welfare iff       
prefer to take $1 from Policy 1 beneficiaries to give $2 to Policy 2 beneficiaries

– Can be transparent about a preference for equity

– Can compare across policy domains (Hendren and Sprung-Keyser, 2020)
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The MVPF of Policies Impacting Climate Change 

The willingness to pay for a small increase in the subsidy, dτ, is given by WTP = xdτ + Vdx

- Monetary value of the subsidy (holding behavior fixed due to the envelope theorem), and the second 
term is the WTP from the change in the environmental externality.

- These two terms are sufficient for measuring WTP if we assume perfect competition and full pass-
through.
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The MVPF of Policies Impacting Climate Change 

The net cost to the government of the subsidy has two terms: Cost= xdτ + τdx

- The first term holds x fixed and the second term captures the fiscal impact of the change in x.
- This cost, τdx, is paid by the government but is not valued by individuals due to the envelope theorem.
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The MVPF of Policies Impacting Climate Change 

• where ϵ = dx/dp . p/x is the price elasticity of demand so that −ϵ is the 
percentage change in consumption of x in response to a 1% increase in the 
consumer price.

• policies with high MVPFs tend to have higher magnitudes of the price 
elasticity,−ϵ, higher environmental benefits per dollar of spending on the good, 
V/p, and lower preexisting subsidies, τ/p.
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The MVPF of Policies Impacting Climate Change 

Net benefits for a subsidy = MVPF x Size (cost) of the policy



§ Construct MVPFs for a comprehensive set of spending and revenue-raising policies 
affecting greenhouse gas emissions rigorously evaluated using RCT or quasi-
experimental methods

§ Journal search from 2000–2024 in 18 journals and NBER working papers 2018+

§ Full sample of 96 policies
– 40 Subsidies: Wind, solar, EVs, HEVs, appliance rebates, vehicle retirement, weatherization
– 11 Nudges and Marketing Policies (243 RCTs): Home Energy Reports (HERs), other nudges
– 31 Revenue-raisers: Gasoline/fuel taxes, critical peak pricing, and cap and trade auctions. 
– 14 International Policies: Cookstoves, deforestation prevention, rice-burning prevention, energy 

efficiency rebates

Sample 



§ Use a consistent method to translate causal effects into benefits and costs

§ Translate behavior (e.g., purchase new EV) into externality (e.g., CO2, etc.)
– Vehicle externalities (VMT, MPG, lifespan), Grid composition (AVERT, EPA 2024)

§ Translate externality into monetary valuations
– SCC of $193 in 2020 with 2% discount rate, robustness to $76 and $337
– Local pollutants using AP3 with $9.5M VSL (Tschofen, Azevedo, and Muller 2019)

§ For each policy, construct two types of MVPFs 
– In-Context using measures from time and place where policy occurred
– Baseline analysis as if the policy was implemented nationally in 2020 (assuming elasticities 

generalize)

Data and Approach
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Nudges to reduce electricity use have high MVPFs (3+) in places with dirty grids, but 
lower (<1) in clean grid areas (e.g. CA and Northeast) 

Taxes on polluting goods (e.g., gas taxes) are relatively efficient (MVPFs < 0.7)

Spending on international policies can deliver the largest MVPFs in our sample, even 
considering only US-benefits and costs

Common cost per ton metrics do not fully capture these lessons and often yield different 
rankings across definitions

Investments that directly displace dirty electricity production have highest MVPFs 
(5+ for wind PTCs; 3-4 for residential solar; 1.5 for EVs; others ~1)
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Electric Vehicles: Example MVPF

§ Consider an EV subsidy studied by Muehlegger and Rapson (2022)

§ Use zip code variation in subsidies as part of the California Enhanced Fleet 
Modernization Program

§ Estimate a price elasticity of demand of -2.1 and find that 85% of subsidy is passed to 
consumers

§ How do we construct the MVPF? Consider a $1 increase in federal EV subsidies in 
2020.
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•  VMT (Zhao et al. 2023; NHTS 2017)
•  Counterfactual car fuel economy (Holland et al. 2016; EPA ATR)
•  Lifespan (Greene & Leard 2023)
•  Upstream damages (Masnadi et al. 2018; US GGES)
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Electric Vehicles: Global Environmental Benefits
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Local damages (gasoline minus grid externalities)
•  NOX, PM2.5, HC, CO, SO2, NH3 
•  AVERT, EIA, Argonne National Lab, Jacobsen et al. (2023), 

and NEI
•  AP3 for valuations (Tschofen, Azevedo, and Muller 2019)

Electric Vehicles: Local Environmental Benefits
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Learning By Doing in Battery Production
Battery Price per kWh (Way et al., 2022)
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Cumulative Production, GWh

Cost, $/kWh

$5,000/kWh

~$140/kWh

Consider a model where prices are function of cumulative production
[van Bentham, Gillingham, and Sweeney (2008); Bistline, Mehrotra, and Wolfram (2023)]

Provide new sufficient statistics characterization of LBD benefits
1. Increases in future environmental benefits (DE)
2. Reduction in future prices (DP)
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Fiscal Externalities = −𝜖 ∗ 85% %
&
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MVPFs of Climate Subsidies
Category Average



MVPFs of Climate Subsidies 95% CI

SCC $76     SCC $337     No LBD     US vs RoW     No Profits     Energy Savings     In Context Non-Marginal   



MVPFs of Climate Subsidies: $76 SCC 95% CI
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MVPFs of Climate Subsidies: Excluding Learning by Doing
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MVPFs of Climate Subsidies: IRA levels
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MVPFs of 243 RCTs of Home Energy Reports

§ Consider Home Energy Reports (HERs) 
developed by Opower

§ Focus on regional variation in MVPF due to 
differences in grid emissions
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Implications for weighting and the double dividend

Weighting
§ Gap between income tax MVPF and gas tax MVPF may be the result of different 

implicit welfare weights across types of beneficiaries. 
§ The Federal gas tax has not increased since 1993. 

– If ignore all the environmental effects of gasoline and only consider the effect of gas taxes on 
accidents and congestion, our estimates suggest an MVPF of 0.95 associated with the gas tax. 

– This is 14% lower than the MVPF around 1.1 typically observed for tax changes on low income 
individuals (Hendren & Sprung-Keyser 2020). 

§ This suggests an implicit welfare weight on drivers that is higher than the weight on 
the earnings of a typical low-income individual.

Double dividend
§ Can tax pollution and can offset other non-distortionary taxes, although pollution taxes 

are smaller and more narrow 
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The MVPF of Cap and Trade

§ Examine cap and trade policies in the context (time and place) where they were 
implemented. 

§ Consider the effect of a reduction in permits auctioned

§ Examine Regional Greenhouse Gas Initiative (RGGI). Find permit reductions raised 
revenue while also producing net benefits for individuals
– Formally, the MVPF < 0 in this context 

§ Estimates align with those from the European Emission Trading System (ETS)

• First term: firms’ WTP to avoid the increase in permit prices induced by a reduction in 
permit supply. This is offset by the environmental damages avoided, V(1−L), due to a 
one-unit change in the number of permits auctioned. 

• On the cost side, the government receives the mechanical revenue from the higher 
prices,−xdp/dx > 0, but also loses p in revenue from the forgone permit no longer 
auctioned.

• p does not appear in the numerator due to the envelope theorem: the marginal firm 
holding a permit has a marginal abatement cost equal to the permit price.
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Cookstoves in Kenya: Berkouwer and Dean (2022)

§ Berkouwer and Dean (2022) study subsidies for “improved” 
cookstoves in Kenya
– Paper finds each $30 subsidy removes 7 tons of CO2

§ Many IAMs/SCC models suggest CO2 affects US 
productivity
– Implies CO2 has US benefits and affects US tax revenue 
– Baseline SCC calculations: $3.70 of the $193 falls on US government 

§ Net cost to the government would be $30 – 7*3.7 = $4
– “US-only” MVPF of 4.91; Global MVPF of 50

§ However, large variation in estimates of the effect of 
cookstoves and other international subsidies

International MVPFs International MVPFs – US Only
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§ Distributional Incidence 
– Excluding non-US benefits à MVPFs near 1 for most US-based subsidies
– Subsidies and taxes disproportionately affect the rich

§ Publication Bias 
– Papers with t-stats > 1.96 are 2X more likely to be published
– Adjusting for this using Andrews and Kasy (2019) does not meaningfully affect conclusions 

§ Non-Marginal analysis 
– Evaluate how MVPF varies for 1st vs. last dollar of subsidy/tax and consider non-marginal policy changes 

corresponding to EV, Residential Solar and Wind policies under the IRA
– Relative orderings and broad magnitudes remain unchanged

Additional Analyses in the Paper
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Implied pub. bias: 2.364
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resource expenditures

• Focuses on products rather 
than policies 

• Omits cost to government of 
inframarginal transfers
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Cost Per Ton Metrics

Resource Cost Per Ton

• Measure public and private 
resource expenditures

• Focuses on products rather 
than policies 

• Omits cost to government of 
inframarginal transfers

Government Cost Per Ton

• Focus on government cost 
(inclusive of FE) 

• Includes costs but ignores 
benefits of inframarginal 
transfers

• Omitted benefits prevent 
SCC comparison

Social Cost Per Ton

• Social cost = government 
cost – private benefits – non-
CO2 social benefits

• Ignores opportunity cost of 
inframarginal transfers

• Independent of policy take-
up (just like resource costs 
per ton) 

Example



MVPF Versus Cost Per Ton

MVPF Resource Government Social

Subsidies

Wind Produc+on Credits 5.870 -103 46 -32
Residen+al Solar 3.862 -77 90 -67
Electric Vehicles 1.445 -458 1,356 -415
Appliance Rebates 1.164 -2 474 111
Vehicle Re+rement 1.047 987 876 148
Hybrid Vehicles 1.012 577 5,892 -38
Weatheriza+on 0.978 194 779 207

Nudges and Marke;ng

Opower Elec. (166 RCTs) 2.548 -41 77 70

Revenue Raisers

Gasoline Taxes 0.671 -104 -770 -64

Cost Per Ton

No LBD MCF
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Conclusion

1

2

3

4

5

Nudges to reduce electricity use have high MVPFs (3+) in places with dirty grids, but 
lower (<1) in clean grid areas (e.g. CA and Northeast) 

Taxes on polluting goods (e.g., gas taxes) are relatively efficient (MVPFs < 0.7)

Spending on international policies can deliver the largest MVPFs in our sample, even 
considering only US-benefits and costs

Common cost per ton metrics do not fully capture these lessons and often yield different 
rankings across definitions

Investments that directly displace dirty electricity production have highest MVPFs 
(5+ for wind PTCs; 3-4 for residential solar; 1.5 for EVs; others ~1)



Why does this all matter?

1.3
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Investments that directly displace dirty 
electricity production have highest MVPFs 
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MVPFs of Environmental Policies Versus Other Policy Categories

Smaller than direct investments 
in low-income children



MVPFs of Environmental Policies Versus Other Policy Categories

Smaller than direct investments 
in low-income children

Higher than most 
spending on adults



MVPFs of Environmental Policies Versus Other Policy Categories

Taxes on polluting goods are 
more efficient



Contributions

Apples vs. apples comparison of all climate policies (taxes, permits, nudges, subsidies) 
using the new tools in public finance

Generate a way to incorporate learning-by-doing benefits into welfare appraisal and  
public finance more generally  

1

2

3

4

Provide a new framework for how climate fiscal externalities might be important for 
welfare appraisal, especially for international policies

Demonstrate theoretically and empirically that cost per ton is not a good approach for 
measuring the change in welfare for tax and subsidy policies  



Thank you!



Thank you!
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Aside: Determinants of the Social Cost of Carbon

§ Damages in IAMs are generally driven by a mix of health and productivity effects, broadly 
defined 
– Ex: GIVE (Rennert et al. 2022), DICE (Barrage and Nordhaus, 2023)
– Other models focus exclusively on impacts on GDP (Nath et al. 2024; Bilal and Kanzig, 2024);

§ This distinction might not matter for the concept of the SCC, but it matters for the 
government costs of climate policy
– The US government has an equity stake in US productivity

§ Our approach:
– Use 50/50 productivity-mortality split (Rennert et al. 2022)
– Allocate productivity in proportion to US share of GDP (Nordhaus, 2017)
– Apply a 25.5% tax rate

§ Result: $3.70 of the $193 of the SCC falls on US government
International MVPFs International MVPFs – US Only
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Implied pub. bias: 2.364
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MVPFs of Climate Subsidies (Excluding Profits)
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MVPFs of Climate Subsidies (Including Energy Savings)
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MVPFs of Climate Subsidies (US vs Rest of World)
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MVPFs of Climate Subsidies (In Context)
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MVPF Resource Government Social

Subsidies

Wind Produc+on Credits 3.851 -42 69 -8
Residen+al Solar 1.446 4 237 83
Electric Vehicles 0.961 963 2,422 283
Appliance Rebates 1.164 -2 474 111
Vehicle Re+rement 1.047 987 876 148
Hybrid Vehicles 0.998 659 6,041 43
Weatheriza+on 0.978 194 779 207

Nudges and Marke;ng

Opower Elec. (166 RCTs) 2.548 -41 77 70

Revenue Raisers

Gasoline Taxes 0.673 -104 -768 -62

Cost Per Ton
MVPF Versus Cost Per Ton Excluding Learning by Doing 
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MVPF 0% DWL 10% DWL 30% DWL 50% DWL

Subsidies

Wind Produc+on Credits 5.870 -32 -24 -15 -6
Residen+al Solar 3.862 -67 -48 -31 -14
Electric Vehicles 1.445 -415 -259 1 260
Appliance Rebates 1.164 111 159 254 349
Vehicle Re+rement 1.047 148 235 411 586
Hybrid Vehicles 1.012 -38 555 1,749 2,942
Weatheriza+on 0.978 207 285 441 596

Nudges and Marke;ng

Opower Elec. (166 RCTs) 2.548 70 78 93 109

Revenue Raisers

Gasoline Taxes 0.671 -64 -140 -294 -448

Net Social Cost Per Ton

MVPF Versus Cost Per Ton Excluding Learning by Doing 



MVPFs of HERs 
With 49% Energy 

Savings
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Stock and Gillingham 
(2018)

Resource cost per ton

Government cost per ton
social cost per ton

Government cost per ton

Government cost per ton
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§ Regulation and Cap-and-Trade [Link]
– Can use MVPF framework to compare regulation to tax/subsidy
– Can construct MVPF of auctioned permits in Cap and Trade systems

§ Distributional Incidence [Link]
– Excluding non-US benefits à MVPFs near 1 for most US-based subsidies
– Subsidies and taxes disproportionately affect the rich

§ Publication Bias [Link]
– Papers with t-stats > 1.96 are 2X more likely to be published
– Adjusting for this using Andrews and Kasy (2019) does not meaningfully affect conclusions 

§ Non-Marginal analysis [Link]
– Evaluate how MVPF varies for 1st vs. last dollar of subsidy/tax and consider non-marginal policy 

changes corresponding to EV, Residential Solar and Wind policies under the IRA
– Relative orderings and broad magnitudes remain unchanged

Additional Analyses in the Paper
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