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1. Introduction11

Much has been written about how to reduce greenhouse gas emissions and how much that12

would cost (see Riahi et al., 2022, for a review of recent studies) but there is little about13

the implications for the public finances. This is an odd omission. Rapid emission reduction14

requires a major overhaul of the energy sector and energy-intensive activities (IEA, 2021).15

The energy transition will not just affect energy but everything it touches, including tax16

revenue and government spending. IEA (2022), for instance, reports that investment in17

the energy sector needs to double between 2020 and 2030, from 2% to 4% of GDP. This18

paper uses results from commonly-used integrated assessment models to study the impact19

of stringent climate policy on tax revenue and public expenditure, revealing the potential20

size of the carbon industry in the process.21

The climate economics literature has focused on how best to reduce emissions (Dubash et al.,22

2022) and what that would cost (Riahi et al., 2022). Much attention has been paid to the23

technical feasibility of rapid emission reduction (Clarke et al., 2009) and to the required24

transition of energy, agriculture, and transport. The accompanying changes in the public25

sector have been largely ignored, with one exception, namely how to best use the revenues26

from a carbon tax (or permit auction). Using such revenue to reduce other taxes, which27

hold back economic growth or job creation, could result in a double dividend (Goulder,28

1995) or, if the income distribution improves too, a triple dividend (van Heerden et al.,29

2006); Distefano and D’Alessandro (2023) explore a quadruple dividend, adding public debt30

to the mix.31

The multiple-dividend literature is focused on the structure of tax revenue, but ignores its32

size. Indeed, for analytical clarity, these papers assume budget-neutrality. Belfiori and33

Rezai (2023) show that revamped consumption, energy, and income taxes can be a first-34

best policy, correcting the climate externality without an explicit Pigou tax. However, Tol35

(2012a) argues that stringent climate policy may well require an overall increase in tax36

revenue and so lead to an expansion of the state.37

Tol (2012a) defines the Leviathan tax as that carbon tax whose revenue could replace the38

revenue of all other taxes combined.2 Figure 1 shows the Leviathan tax for 2019. It is39

calculated as the greenhouse gas emission intensity of the economy—emissions over out-40

put—times the tax revenue as a share of GDP. Data are available from the World Bank for41

145 countries. Figure 1 ranks these countries by their Leviathan tax, and plots this against42

their share in global emissions. The Central African Republic has the lowest Leviathan tax:43

A carbon tax of $8/tCO2eq would be budget-neutral if all other taxes are abolished. Sweden44

has the highest Leviathan tax: $3,263/tCO2eq. The global average is $242/tCO2eq45

The Sixth Assessment Report of Working Group III of the Intergovernmental Panel on46

Climate Change (Riahi et al., 2022) reports that, according to the median model, a car-47

bon tax of around $100/tCO2eq is needed in 2030 to have a good chance of meeting the48

2Note that no assumptions are made on the desirable level of total tax revenue.

2



2℃target of the 2015 Paris Agreement. India’s Leviathan tax (for 2019) is $95/tCO2eq,49

China’s $96/tCO2eq, and Indonesia’s $102/tCO2eq. Stringent climate policy is therefore not50

just a technical and economic challenge, but a fiscal challenge too.51

Fiscal problems would arise long before the Leviathan tax is reached. Besley and Persson52

(2013) show that fiscal capacity has grown slowly and that the structure of tax revenues53

has developed gradually. Rapid, massive change in tax collection is unprecedented and54

would be difficult, or so the historical record suggests. Climate policy would require two tax55

revolutions. First, taxes should shift to carbon from everything else to drive emissions to56

zero—and then taxes would have to shift back to maintain tax revenue.57

Dowlatabadi (2000) was perhaps the first to warn about possible tax revolts (Burg, 2004,58

Keen and Slemrod, 2021) in the context of climate policy. One example is the 2018 protests59

by les gilets jeunes in France in response to a modest carbon tax on transport fuels (Stoll60

and Mehling, 2021). The carbon taxes needed to meet the Paris targets are not modest—and61

they will need to apply in countries that are not as used to high taxes as France is.62

Throughout the paper, I write about climate policy as if a carbon tax were the sole policy63

instrument. The reason for this is that the models I rely on make this assumption. Although64

the optimal climate policy is a carbon tax, a uniform carbon tax, and nothing but a carbon65

tax (Tol, 2023b), the bulk of past and present climate policies rely on other instruments.66

There is no reason to assume future climate policy will be any different.67

Some of the insights carry over. Cap-and-trade with auctioned permits behaves much like68

a carbon tax, the key difference being that permit prices fluctuate and taxes do not. The69

revenue of permit auctions can be used to reduce taxes.70

If permits are grandparented instead of auctioned, climate policy is like a carbon tax (at71

the margin) plus lump-sum capital subsidies for the recipients of free permits. These capital72

subsidies pose no burden on the fiscal budget as the government costlessly creates the permits73

before giving them away. In this case, taxes cannot be reduced. Instead, the public sector74

expands.75

Subsidies, another popular policy instrument, are negative taxes. Other taxes would need76

to go up substantially if subsidies are used to reduce emissions at the required scale.77

Any technical standard has an equivalent tax (Baumol and Oates, 1971). If standards are78

the policy instrument of choice—as they often are—the tax burden calculated below is a79

measure of the changes needed in the economy. Fiscal implications would be indirect.80

More troublesome than the assumption of a carbon tax is the assumption, again taken from81

the models I rely on, that climate policy will be cost-effective.3 Current climate policy most82

definitely is not (e.g., Grimm et al., 2022). However, this strengthens the argument below. If83

cost-effective policy implies unrealistically large fiscal shocks, then sub-optimal policy (with84

3This paper shies away from a discussion of optimal climate policy targets, which are treated extensively
elsewhere (Nordhaus, 1992, Tol, 1999, 2012b, 2023a).
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the same emissions target) implies even larger shocks. Admittedly, without a carbon tax,85

those shocks may not be to the public finances; they will be to the economy instead.86

The paper proceeds as follows. Section 2 discusses the materials and methods used. Section87

3 presents the results. Section 4 concludes.88

2. Materials and methods89

The IPCC AR6 scenario database contains projections of GDP, greenhouse gas emissions,90

carbon dioxide sequestration, and emission taxes for a range of ex-ante models and a range91

of scenarios with and without emission reduction targets. The database contains a host of92

variables on the structure of energy demand and supply, agriculture, land use, and so on. I93

here only use GDP, gross carbon dioxide emissions, gross carbon uptake, and carbon taxes.94

For most models, results are reported for 10-year intervals until 2100.95

While generally well-structured, the database, unfortunately, does not match baseline and96

policy scenarios; this was added, manually, based on scenario names. Missing rows were97

replaced by missing observations. This then leads to the percentage reduction of GDP and98

emissions from baseline.99

Total carbon tax revenue (subsidy) follows from multiplying gross carbon dioxide emissions100

(sequestration) with carbon taxes.101

As highlighted by Riahi et al. (2022), the models in the database show a wide range of102

results. This is not a surprise, as the models have different structures and use different103

assumptions on economic growth, on relative prices, on technological change, on income,104

price and substitution elasticities, and on reserves, resources and potentials. Some models105

are computable general equilibrium models, others energy system models, and yet others106

are growth, econometric or new Keynesian models. All models have some foresight, many107

perfect foresight. The only commonality is that all models have been used to study future108

climate policy.109

Note that I do not correct the IPCC database for reporting bias (Tavoni and Tol, 2010).110

This omission likely leads to an underestimate of the true cost of climate policy.111

I follow Tol (2014) and compare these ex-ante models to the data, but where Tol (2014)112

relied on a fairly basic statistical analysis, I here use five advanced econometric studies113

of the efficacy of carbon pricing (Rafaty et al., 2020, Kohlscheen et al., 2021, Sen and114

Vollebergh, 2018, Metcalf and Stock, 2020, Best et al., 2020). These ex-post studies use115

different estimators and different samples, but they all study the effect of past climate policy116

on past emissions. The efficacy of a carbon tax is here defined as the percentage emission117

reduction per dollar per tonne of carbon dioxide carbon tax. This measure is reported by, or118

easily derived from the five econometric studies. It is also readily calculated from the data119

in the IPCC AR6 scenario database.120

I use Bayesian statistics to assess the credibility of the different models. I use a non-121

informative prior. The results of the econometric models are the likelihood. Combined, this122
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gives the posterior estimate of the tax efficacy. Alternatively, I shrunk the five estimates123

to a single, combined one (Goldberger, 1986). In a second step, as a prior, I assumed that124

each IPCC model is equally likely. The posterior likelihood of the tax efficacy implies a125

probability that an ex-ante model is able to reproduce observed climate policy as measured126

by the ex-post models.127

While the methods are well-established, this is their first application to the fiscal implications128

of stringent climate policy.129

3. Results130

3.1. Model skill131

Before discussing the key results, I need to establish which model is most credible. This is132

because the range of model range is so large. Some models find that climate policy is too133

cheap to meter, others that it would lead to economic ruin.134

Table 1 shows the efficacy of a carbon price for the 24 models in the IPCC AR6 scenario135

database for which this information was available. Tax efficacy is the percentage CO2136

emission reduction (from baseline) in 2030 divided by the carbon tax or permit price in the137

same year. (Recall that the models assume foresight.) Efficacy differs by three orders of138

magnitude from 0.0042%/$ for ices to 4.8%/$ for coffee.139

At the bottom of 1, five econometric estimates of the same metric are shown (Rafaty et al.,140

2020, Kohlscheen et al., 2021, Sen and Vollebergh, 2018, Metcalf and Stock, 2020, Best et al.,141

2020). Three of these studies agree that a carbon price of $1/tCO2 would cut emissions142

by some 0.1%, higher than 2 of the 24 IPCC models and lower than 21. The other two143

econometric studies find that carbon pricing is more effective. The minimum and maximum144

differ by one order of magnitude.145

The posterior mean, weighted average, or shrunk estimate is a reduction of 0.13% per dollar146

per metric tonne of carbon dioxide. This implies, assuming linearity, that a carbon tax of147

$792/tCO2 would fully decarbonize the world economy.148

The short-run Leviathan tax is discussed in the introduction. It assumes that the imposed149

carbon tax does not affect emissions. Figure 1 also shows the long-run Leviation tax, using150

the central estimate of 0.13% emission reduction per dollar carbon tax. The Leviathan tax151

increases, but not sufficiently so that the IPCC’s $100/tCO2 carbon tax looks materially152

less problematic.153

Only the imaclim model (Crassous et al., 2006, Sassi et al., 2010, Waisman et al., 2012,154

Bibas et al., 2015, Méjean et al., 2019) is close to the majority of the empirical evidence.4155

Indeed, 95.5% of the posterior probability mass goes to imaclim. The posterior probability156

of gemini is 0.5%. The probabilities of the remaining models are very small.157

4I have criticized this model for having so many distortions that it is hard to interpret the results. That
said, the economy is full of distortions.
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3.2. The impact of stringent climate policy158

Table 2 shows the main result. Twelve models in the IPCC AR6 database report scenarios159

that cut global carbon dioxide emissions by 95% or more in 2050. Table 2 shows the carbon160

price and the value of carbon capture and emissions, all averaged across the scenarios for161

each of the models. The carbon price is either the explicit carbon tax, the price of tradable162

permits, or the shadow price of the emissions constraint. The value of emissions is the total163

revenue of either a carbon tax or the auction of carbon permits. The value of carbon capture164

is either the total expenditure on carbon removal subsidies or the sum total spent on carbon165

offsets. Both values are given as a share of GDP.166

The results vary widely. The most optimistic model is again the coffee model. As in Table167

1, this model finds that a minimal carbon tax would completely decarbonize the economy.168

Revenues and expenditures are therefore small too. At the other extreme, dne21 has a169

carbon tax revenue of 3 times GDP, and on top spends 2 times GDP on carbon removal.170

One would hope this is a reporting error rather than a genuine result of what would be a171

mistaken model.172

Discarding the two outliers, carbon tax revenue ranges from 1 to 17% of GDP. This range is173

wide. A tax reform that brings in 1% of GDP by 2050 is feasible. Tax reforms at this scale174

happen regularly (Ortiz-Ospina and Roser, 2016). The high end of the range is more difficult.175

The global average tax revenue was 14% of GDP in 2019.5 An expansion of the public sector176

by 3% in 30 years is doable. Reducing if not abolishing all other taxes would, of course, be177

an election winner—although taxes are rarely abolished (Seelkopf et al., 2021). However,178

as emissions approach zero, the tax base would get narrower and narrower and the carbon179

tax higher and higher, so that the fiscal system becomes increasingly distortionary. As180

emissions go to zero, so does carbon tax revenue—other taxes will have to be reintroduced,181

a politically more challenging prospect.6 imaclim, the most credible model, has total carbon182

tax revenues at 7% of GDP in 2050, replacing “only” half of all other taxes (if government183

budget neutrality is assumed).184

Total carbon removal subsidies, or payments for offsets, range from 0.3% (aim) to 7%185

(grape) of GDP. The model that compares best to the data, imaclim, is at the high end186

of this range. A subsidy that is a few tenths of a percent of GDP is no problem. Climate187

change has been a key concern of many people around the world for decades (Leiserowitz,188

2006, Lee et al., 2015, Rettig et al., 2023)—the vocal protests of a small minority notwith-189

standing. Spending a small fraction of income on solving the climate problem should not be190

a problem. However, expenditure is much larger at the high end of the range, roughly equal191

to expenditures on health care. Public spending on health care is like motherhood and apple192

pie—we all rely on doctors and nurses to heal ourselves and our loved ones, and we all have193

friends and family who work in medicine and who deserve a decent salary. Carbon capture194

is very different. It solves a distant and abstract problem, rather than one that is close and195

5See World Bank.
6In GCAM, emissions fall to zero before 2050. Its fiscal transition is even faster.
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obvious like ill-health. If climate policy is successful, there is not much of a problem to solve196

anymore, making it harder to continue to justify spending large sums of money. In order197

to keep costs down, carbon capture will be done where land is cheap—that is, where few198

people live—and heavily mechanized. Paying 7% of your income in taxes to keep grandma199

alive and your nurse friend in work is one thing. Paying 7% to a multinational company to200

suck carbon dioxide out of the air in a faraway country is something else.201

3.3. Regional results202

The above results are for the world as a whole. The models in the IPCC database also203

report regional results. I restrict the attention to imaclim and one particular scenario204

which reduces emissions by 94% in 2050. The carbon tax is $300/tCO2 in 2030, rising to205

$1,298/tCO2 in 2040 and $2,253/tCO2 in 2050. Figure 2 shows carbon tax revenue and206

sequestration subsidy, as a percentage of GDP, for 2030, 2040, and 2050.207

Global carbon tax revenue is 4% of GDP in 2050, a reasonable number, but 11% in 2030 and208

19% in 2040—underlining yet again the fiscal challenge posed by stringent climate policy.209

The results in Figure 2 are ordered by per capita income in 2010. Carbon tax revenue is210

below the global average in the three richest regions, but above the global average in the211

seven poorest regions—with the exception of almost completely decarbonized India in 2050.212

The carbon tax revenue is very high in the carbon-intensive economies of the Middle East213

and the former Soviet Union.214

The bottom panel of Figure 2 shows the sequestration subsidies. The world total is 0.04%215

of GDP in 2030, rising to 3.8% in 2040 and 15% in 2050. As with tax revenues, the numbers216

are lower for the three rich regions and higher for the seven poor regions. Note, however,217

that it may well be that there will substantial transfers between regions. This is less likely218

with direct subsidies, more likely with tradable permits and offsets.219

That said, Figure 2 highlights the scale of the activity. The sequestration sector would220

occupy almost 15% of the world economy, over 35% of the economy in the former Soviet221

Union.222

3.4. Results for more lenient climate policy223

The above results are for very stringent climate policy. Cutting carbon dioxide emissions by224

95% or more by 2050 is highly ambitious. The major fiscal implications highlighted above225

rapidly disappear for less stringent climate policy. This is because the fiscal implications are226

the product of carbon price and emissions. Take the subsidies for carbon dioxide removal227

first. A more lenient target would mean a lower volume at a lower price. The carbon tax228

revenue would fall too: Emissions would be higher but the carbon price lower; the former is229

linear, the latter exponential.230

Figure 3 illustrates this for the imaclim model for 2050. The top left panel plots the carbon231

price against emission reduction from baseline. The carbon price inches up until emissions232

are halved and then starts rising very quickly. However, emissions, shown in the bottom left233

7



panel, continue to fall steadily. Sequestration, in the bottom right panel, similarly shows no234

profound non-linearity. The top right panel shows the drop in GDP, which accelerates around235

a 50% emission reduction. This accentuates carbon tax revenue and carbon sequestration236

expenditures relative to GDP.237

4. Discussion and conclusion238

Stringent climate policy would pose a substantial fiscal challenge. The global revenue of the239

carbon tax needed to meet the targets of the 2015 Paris Agreement would be larger than240

the revenue of all other taxes combined, while a very large subsidy would need to be paid241

to remove carbon dioxide from the atmosphere. Tax revenues are larger still in poor parts242

of the world. Climate policy by other means than taxes and subsidies would shift, perhaps243

hide, probably exacerbate the fiscal burden.244

The fiscal challenge rapidly shrinks as the emission reduction target becomes less stringent.245

The policy implication is thus to adopt a more lenient climate policy—or rather, as the gap246

between nominal targets and actual climate policy had widened (UNEP, 2022), to adopt247

more realistic rhetoric.248

The implications for research are more profound. Model results show a very large range249

for the costs of future climate policy. This is partly inevitable. The future is inherently250

uncertain. However, the skill of ex-ante models can be tested against over 30 years of251

experience with actual climate policy. This is here done with a single variable, tax efficacy,252

but these models generate many more variables, most of which are directly observed.253

Even before testing their skills, two of the models in the IPCC database report patent non-254

sense. Either the database or the models need to be vetted better. The problems do not stop255

there. Many of the integrated assessment models used by the IPCC do not have a rich repre-256

sentation of the fiscal system—and none report this. Environmental regulation and general257

taxation interact (Sandmo, 1975). Ignoring prior tax distortions leads to unnecessarily ex-258

pensive climate policy (Barrage, 2019). A tax is more distortionary as it rises and its base259

narrows—exactly what happens as emissions approach zero. Ignoring the excess burden in260

the climate policy endgame seems to be a crucial omission in integrated assessment models.261

Unlike tax distortions, tax revolts are unpredictable—but the probability of tax revolts varies262

systematically with observable variables (Dowlatabadi, 2000). Dynamic stochastic general263

equilibrium models are now regularly used to study climate policy (Cai and Lontzek, 2019,264

Van den Bremer and Van der Ploeg, 2021). It strikes me that tax revolts are a key stochastic265

element. Tax revolts may be more likely if the costs of climate policy are distributed in a266

way that is seen to be unfair (Chepeliev et al., 2021, Landis et al., 2021, Vandyck et al.,267

2021, Böhringer et al., 2022, ?) and if assets are stranded and firms go bankrupt (Davis268

et al., 2010, Tong et al., 2019, van der Ploeg and Rezai, 2020, Semieniuk et al., 2022, Flora269

and Tankov, 2023).270

All this complicates climate policy and makes it more expensive. Adding the analytically271

convenient but unrealistic assumption of first-best policy implementation, it appears that272
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policy-makers are ill-advised by the IPCC and its choice of models. More importantly,273

current emission reduction targets may need to be relaxed.274
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Table 1: Carbon tax efficacy according to 24 ex-ante models and 5 ex-post policy evaluations.

model # mean st.err. prob.
coffee 63 4.883% 0.584% 0.000
aim 123 1.103% 0.352% 0.000
image 81 0.802% 0.128% 0.000
remind 286 0.705% 0.045% 0.000
witch 142 0.646% 0.028% 0.000
gcam 47 0.612% 0.082% 0.000
gem-e3 49 0.604% 0.025% 0.000
message 258 0.566% 0.042% 0.000
poles 134 0.544% 0.046% 0.000
farm 12 0.529% 0.060% 0.000
prometheus 6 0.442% 0.065% 0.000
eppa 4 0.373% 0.040% 0.000
bet 14 0.367% 0.054% 0.000
grape 17 0.331% 0.042% 0.000
en-roads 2 0.318% 0.007% 0.000
dne21 34 0.317% 0.030% 0.000
muse 6 0.238% 0.099% 0.000
c3iam 4 0.228% 0.008% 0.000
tiam-ucl 5 0.225% 0.051% 0.000
tiam-ecn 58 0.202% 0.028% 0.000
gemini 5 0.165% 0.051% 0.005
imaclim 51 0.121% 0.021% 0.995
env-linkages 13 0.005% 0.006% 0.000
ices 6 0.004% 0.001% 0.000
Average 24 0.597% 0.194%
Weighted average 24 0.009% 0.001%
Rafaty et al. (2020) 0.110% 1.779%
Metcalf and Stock (2020) 0.125% 0.013%
Kohlscheen et al. (2021) 0.130% 0.030%
Sen and Vollebergh (2018) 0.730% 0.640%
Best et al. (2021) 2.960% 0.987%
Weighted average 0.126% 0.012%

For the selected 24 IPCC models, the table shows the number of emission reduction scenarios and the mean and its standard
error of the carbon tax efficacy, that is, the carbon dioxide emission reduction in 2030 divided by the carbon tax levied in 2030.
The posterior probability that the model agrees with the empirical studies in the bottom rows is in the right-most column.
The table also shows the average across models and the average weighted by the inverse of the squared standard error. For
the 5 empirical studies, mean and standard error of the estimated carbon efficacy are shown, as well as the weighted average
across studies.
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Figure 1: The Leviathan tax for 2019 without (thick blue line) and with emission reduction (thin orange
line
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Figure 2: Carbon tax revenue (top panel) and carbon sequestration subsidy (bottom panel) as a share of
GDP for 10 regions according to the imaclim model and its ADVANCE/2030/WB2C scenario.
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Figure 3: The carbon tax (top left), loss of GDP (top right), gross carbon dioxide emissions (bottom left)
and carbon dioxide sequestration (bottom right) in 2050 as a function of carbon dioxide emission reduction
from baseline according to the imaclim model.
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Table 2: Value of carbon capture and emissions as share of GDP in 2050.

model tax sequestration emissions
$/tCO2 %GDP %GDP

coffee 3 -0.07 0.20
aim 119 -0.29 1.73
gem-e3 385 -0.30 1.07
gcam 1720 -0.31 -4.21
remind 537 -1.76 2.66
image 586 -2.26 3.35
message 823 -2.26 4.83
witch 1204 -3.08 5.84
poles 4601 -4.09 17.08
imaclim 913 -6.56 7.41
grape 1196 -7.09 20.58
dne21 977 -230.08 301.22

For the selected 10 IPCC models, the table shows the gross carbon tax revenue and the total subsidy for carbon dioxide
sequestration for 2050, both as a share of Gross Domestic Product. The carbon tax is shown too.
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