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The paper in a nutshell

• Governments, businesses and households worldwide are taking/considering steps
to curb emissions

• This paper:

• Develops a dynamic general-equilibrium, multicountry, multisector, very large-scale
model

• Has clever assumptions to imply a relatively simple solution and a “plug-and-play”
form

• Provides a framework to provide a tool to analyze the impact of different policies
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What they do

• Present the model in detail

• Strengths, simplifying assumptions and solution method

• Consider three policy experiments:

• A modest carbon tax applied uniformly worldwide

→ Limits warming substantially

• A carbon tax that exempts poor countries

→ Too costly and politically challenging

• Decline in relative cost of green energy globally vs in the U.S. and EU only

→ Does not sufficiently reduce fossil-fuel use
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Model: main ingredients

• World economy block

• Regions within countries

• Inputs: workers/consumers, capital, labor, energy

• Energy sources: oil, coal, fracking, green

• Two types of countries: oil vs non-oil (inputs, consumption-goods) producers

• Labor and production inputs (ex-oil) mobile within but not across countries

• TFP: regional and country-specific, impacted by climate change

• Climate block

• Carbon content of energy sources through their impacts on atmosphere, surface, and
deep oceans

• Temperature: global and local temperatures, past emissions
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Policy: a modest uniform carbon tax

• Carbon tax: start at $20/ton and grows at world growth rate

Figure 8: The temperature increases that are associated with different carbon taxes.

These results have important distributional consequences. In Figure 9, we see popu-

lations being moved significantly to the right, and much more so for the no-tax policy.

The implied TFP numbers for large chunks of the world population now near very low

levels, as if hit by several Great Depressions at once.

Figure 9: Global warming lowers productivity substantially in regions where a lot of

people live.

3.2 Non-uniform policy

We now turn to a non-uniform carbon tax. The Pigou principle states that the tax, where

it is applied, should equal the negative externality caused. Since the negative externality

is global—it is the effect of locally emitted carbon on the global temperature—the tax
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• Q1: Which country-list makes a difference? How about taxing the 10 biggest
polluters?

• Q2: Sizable implications for population. Is the no-immigration assumption too
restrictive? How is migration impacted within countries?
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Policy: a non-uniform tax

• High carbon tax on high income countries only (> 25% of world GDP per capita)
→ Impossible to reduce emissions enough

Figure 10: Countries in yellow and red gain from the non-uniform policy, whereas the

countries in blue lose.

losers, is essentially a net zero. The numbers here are all in welfare terms, as measured

by permanent changes in consumption. We see in the “TOT” category that the world as

a whole lose a whopping 3 percent loss. Departures from a globally uniform tax therefore

appears to be an inefficient policy, and the question for policymakers then is if fairness

arguments are worth this much.

Figure 11: The distribution of gains and losses across regions from non-uniform policy.

3.3 Faster technical change in green energy vs. a carbon tax

In the U.S., the climate-change aspects of the Inflation Reduction Act (IRA) boil down to

the hope that green technology, by being produced at lower cost, will compete out fossil
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• Q3: What if the threshold for the carbon was based on emissions?
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Advanced vs emerging economies

• Six largest carbon-emitting countries: United States, Japan, Germany, China,
India, Russia (≈ 75% of world emissions)

• Emerging economies to continue to contribute a large share of emissions*
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We classify these countries into two groups. The first group, including the United States, Japan, and 
Germany, represents large advanced economies, while the second group, China, India, and Russia, 
represents large emerging economies. This classification helps us broadly characterize the paths and 
challenges ahead for these two types of economies, rather than relying on aggregate numbers.  
 
Figure 2 shows emission intensity—
defined earlier as the ratio of total 
emissions to total economic output—
averaged for the advanced economies 
group (solid blue line) and the emerging 
economies group (solid red line). Data 
for Russia is only available since 1960. To 
avoid a large jump in the series at that 
date, we approximate Russian data 
before then using the average of data for 
China and India because all three 
countries follow similar historical paths. 
 
For both groups, we find that emission 
intensity is currently declining, implying 
that all countries are emitting less carbon 
per dollar of output produced relative to 
their respective peak emission intensity. 
In the case of the group of advanced economies, the decline of emission intensity began in the 1920s. For 
the group of emerging economies, the decline started from a lower peak level and took place much later, in 
the 1980s, which aligned with their economic development. 
 
To model these trends of emission intensity, we find that fitting the data to bell-shaped curves again works 
surprisingly well for the two groups, as shown by the dashed lines in Figure 2, as well as at the individual 
country level (not shown). Focusing on the sample up to 2021, the dashed lines show that the bell-shaped 
curves nicely describe the magnitude of the emission intensity’s peak, the timing of when the peak occurs, 
and how quickly emission intensity declines from the peak.  
 
The fitted curves also allow us to extrapolate the emission intensity for each group into the future. These 
projections are reported in Figure 2 to the right of the vertical line marking 2021. One major assumption 
underlying our extrapolation is that emission intensity will continue to decline at the rate dictated by the 
shape of the bell curve; despite the inherent uncertainty in projecting such trends, we believe that using 
history as a guide is a reasonable assumption. 
 

Figure 2 
CO2 emission intensity by country group 

 
Sources: Emissions: Ritchie, Roser, and Rosado (2020), based on Global Carbon Budget 
data. GDP levels: Maddison Project Database, accessed through Our World in Data, and 
authors’ calculations. GDP growth rates and 2019–2021 levels: Organisation for Economic 
Co-operation and Development (OECD). 
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Emission intensity is only one part of the 
equation. The other part is determined by 
the rate at which countries continue to 
grow in the future. Therefore, in Figure 3, 
we present three different scenarios of 
output growth for our two groups. 
 
The first scenario relies on OECD long-
term baseline projections for GDP 
growth for each country in the two 
groups through the year 2050. For the 
advanced economies group, shown in 
blue, the OECD’s average annual growth 
rate is 1.5%. For the emerging economies 
group, in red, the OECD’s average annual 
growth is 6.2%. The second and third 
scenarios assume a quarter percentage point higher and lower annual rates of growth per year, respectively. 
Over 27 years, these scenarios cumulate to 7% higher and lower growth for each group, shown by the upper 
and lower bounds of the shaded blue and red ranges.  

Estimating future emissions 

We now have the two pieces needed to extrapolate emissions to 2050–emission intensity and output 
growth. Taking these pieces together, Figure 4 reports projected emissions by country group from 2021 to 
2050. The solid lines report actual emissions for advanced (blue) and emerging (red) economies. The 
dashed lines show emissions predicted by 
our bell-shaped curve of emission 
intensity in combination with GDP 
projections. The figure also includes 
shaded regions that reflect both the 
uncertainty from the projections of our 
estimated bell curve, using plus and 
minus one standard deviation around the 
projections, and the range of 
assumptions for GDP growth based on 
OECD projections. Finally, we include 
horizontal lines corresponding to the 
2030 emission reduction targets set by 
the countries of each group in accordance 
with Glasgow COP26. The targets were 
submitted as each country’s nationally 
determined contribution to the goal of 
limiting global temperature rise to 1.5°C 

Figure 3 
Projected real GDP by country group 

 
Source: Organisation for Economic Co-operation and Development (OECD). 

Figure 4 
Projected emissions by country group 

 
Sources: Emissions: Ritchie, Roser, and Rosado (2020), based on Global Carbon Budget 
data. GDP levels: Maddison Project Database, accessed through Our World in Data. 
GDP growth rates and 2019–2021 levels: Organisation for Economic Co-operation and 
Development (OECD). Country targets: United Nations (2023). 
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*Arnaut, Jordà, and Nechio (2023) “The Bell Curve of Global CO2 Emission Intensity,” FRBSF Economic Letter 2023-27
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Policy: green energy boost

• At zero cost, price of green technology falls by 2% per year

fuel. To evaluate the promise of such a proposal, we consider two very simple experiments,

both contrasting a global carbon tax with the subsidization of green technology without

taxing carbon. We capture the latter policy by an assumption that—at zero cost of

implementation—the price of green energy falls by two percent per year in terms of the

final good, whereas the relative price of fossil fuel production is unchanged over time.

In the first experiment, we assume that the U.S.-like policy generates the fast green

technology growth everywhere in the whole world, including in poor countries. In the

second experiment, to capture notion that technological knowledge may not spread fully

around the world, we assume that the sped-up green technology growth will occur only

in the U.S. and in the EU. The results of both these experiments are presented in Figure

12.

Figure 12: The temperature increases that are associated with different carbon taxes.

The results are quite shocking. Even when there is a full world spread of relative

green technology growth, which occurs permanently at a two percent higher annual rate,

global warming is almost as high as with no policy at all in the case where only the U.S.

and the EU benefit from it (recall Figure 8. When the entire world benefits, this green

deal is clearly better, but still far less attractive than even a modest, globally uniform

carbon tax. Thus, apparently, even with an elasticity of input substitution between coal

(or the oil composite) and green of 2, green energy is highly impotent at competing out

fossil fuel: it is a very poor substitute for a carbon tax.

34

• Q4: Quite disappointing effects of green technology. What would it take?
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To conclude

• Great and careful paper

• Important lessons and implications for policy

• Plug-and-play form to provide important contribution to our field

• Scope for answering many questions
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