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Shutting down fossil-fuel production

sites before available reserves are

depleted or the useful life of the capital

equipment exhausted is a necessary

consequence of ambitious climate pol-

icy.1,2 Yet, if unanticipated by the inves-

tors in these assets, it also leads to a

loss on their investment, so-called

stranded assets.3 Governments in rich,

Western countries may water down

their climate policies for fear of the so-

cial repercussions of such asset strand-

ing as these policies hurt oil and gas

companies. In particular, pension plans

invested in capital markets that are

already underfunded could be at risk

of falling even shorter of meeting their

present and future pay-out obliga-

tions.4 The current push to expand fos-

sil-fuel investments in both Europe and

the United States as a result of the

reduced gas supplies from Russia,

following Russia’s invasion of Ukraine,

only serves to underscore the worry of

diluted climate ambition. As the valua-

tions of oil and gas companies soar,

their importance for the health of

pension savings only grows.

However, it is unclear how socially rele-

vant such asset stranding would really

be. Are most people invested through

their pension or is interest in excessive
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fossil-fuel production concentrated

among a small group of affluent inves-

tors? Although there is good evidence

that the richest few percent of individ-

uals and households account for the

bulk of carbon emissions through their

consumption and investments,5,6 the

distribution of ownership of fossil-fuel

assets and infrastructure at risk of

stranding is much less analyzed.

We argue that governments should not

be deterred by the risk of stranded fos-

sil-fuel assets because any resulting

wealth loss that causes economic hard-

ship can be compensated at low cost.

For an exploration of the distribution

of stranded assets, we combine for the

first time detailed macroeconomic and

financial network modeling data on

the value and location of financial

ownership of oil and gas stranded as-

sets7 with estimates of the financial

asset and overall wealth distributions8

for the United States and European

countries. Stranded assets are modeled

as the present value of potentially lost

profits from over 40,000 oil and gas

fields as investor expectations realign

to a lower-carbon future. Losses are

traced to ultimate owners, i.e., the per-

sons and governments that own stocks

in oil and gas companies through

shares and funds. Losses for persons

living in the United States and Europe

exceed $500 billion (US dollar) in a ‘‘me-

dium’’ expectations realignment to a

world of about 2�C warming (Figure 1).

The financial asset size distribution is

assembled from income tax records,

wealth surveys, and national accounts

data, and made comparable across

countries by following Distributional

National Accounts guidelines.9,10 As

a first approximation, we assume

that each wealth fractile is allocated

stranded assets to non-government ul-

timate owners in proportion to its share

in the national distribution of financial

assets, a wealth elasticity of stranded

assets equal to one. That is, $1 invested

by the bottom 50% of persons by

wealth has the same probability of
stranding as $1 invested by the top

1%. This certainly does not mean that

the bottom 50% owns the same abso-

lute amount of stranded assets as the

top 1% (Figure 1), because of very large

inequalities in financial asset ownership

and savings between groups. For

instance, the top 1% in the United

States owns 39% of all US financial as-

sets, whereas the bottom 50% owns

less than 4% of them (Table S1). For

robustness, we consider three alterna-

tive expectation realignments that

lead to different totals and distributions

of stranded assets as well as different

elasticities of stranded assets reflecting

potential biases in investment portfo-

lios across the wealth distribution (Fig-

ure 2, see also Notes S1 and S2 and Ta-

ble S2).

Unequal losses

In the United States, of an estimated

$350 billion in stranded assets, only

3.5% of the total hits the poorest half

of the population and one-third the

bottom 90%. The remaining two-thirds

split roughly equally between the top

1% of wealth holders and the next 9%

(Figures 1A and S1). Overall losses in

Europe are estimated at around $200

billion and are similarly skewed. Given

the extremely high level of concentra-

tion of financial assets at the top of

the distribution (apart from Germany,

the top 10% hold 70–90% of the total

depending on countries, i.e., much

more concentrated than incomes, or

than real estate), one would need to

make extreme assumptions on the rela-

tive weight of stranded assets in lower

income groups’ portfolios to counter-

balance this first-order effect. Even

when introducing a strong fossil fuel

and, by extension, stranded asset port-

folio bias to lower wealth groups, the

top 10% typically still hold most losses

(Figures S2 and S3).

Although affluent persons own most

losses in absolute terms, these are small

compared to their wealth. Stranded as-

sets in Figure 1 amount to less than one



U
SA

Eu
ro

pe

0 50 100 150 200 250 300 350

A
Top 1% wealth owners
Next 9%
Middle 40%
Bottom 50%

U
K

0 20 40 60 80

B

Fr
an

ce

0 5 10 15 20 25 30

C

G
er

m
an

y

0 2 4 6 8 10 12

D

Ita
ly

0 2 4 6 8 10

E

USD billion

Figure 1. Distribution of stranded assets across the wealth distribution

Partition of country or regional stranded assets by wealth fractile for (A) Europe as a whole and the United States, and (B)–(E) four major European

countries. Middle 40% corresponds to the group of the population between the bottom 50% and the top 10% of the population. Next 9% corresponds to

the group between percentiles 90 and 99.
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percent of the net wealth of the top 1%

(Figure 2, right panel, green disks). This

group corresponds to adults each own-

ing, on average, several million US dol-

lars (Figure 2, bottom). Even under the

most severe asset-stranding scenario,

consistent with oil and gas demand in

a world limiting global warming to

1.5�C and a portfolio bias of affluent

persons toward fossil fuels, their losses

would be less than 2% of their wealth

(Figure 2, right panel, dark blue

squares). Stranded assets as a share of

net wealth tend to be even lower for

the next 9% and the middle 40% of

wealth owners because financial assets

make up a smaller share of their wealth,

which is largely composed of housing

assets.

Turning to the bottom 50% of the distri-

bution, we find losses ranging from

0.05% to 1%, in continental European

countries, to 4%–5% of total net wealth

in the US, and even higher under some

portfolio bias scenarios. A key observa-

tion is that the bottom 50% own little

net wealth to start with, independently
of any potential stranded assets losses.

Therefore, even small absolute losses

can be substantial as a share of net

wealth. Relatively high losses as a share

of net wealth in the United States and

the United Kingdom can be explained

by low levels of bank deposits of the

poorest 50% as compared to other

countries (deposits are not exposed to

stranded asset losses in our framework).

Conversely, in these two countries the

bottom 50% have substantial assets as

pension contributions in capital mar-

kets relative to deposits, and such

pension investments are exposed to

asset stranding (Table S1). This con-

trasts with French, German, and Italian

pension systems, which are mostly in-

dependent of capital market valuations.

Social repercussions and

compensation

Our results reveal two distinct social

outcomes of asset stranding. First, top

wealth groups own most of the losses

yet appear to be protected by their

considerable overall wealth. Stranded

assets might extend beyond upstream
fossil fuels, but fossil fuels are the

most directly affected industrial sec-

tors. Neglected losses in sectors that

use fossil fuels as inputs, rather than

outputs, could be of comparable

magnitude according to one study11

(for comparison with other stranded

fossil-fuel estimates see Note S3).

Moreover, other sectors that use fossil

fuels as an input, rather than as their

output, have more substitution oppor-

tunities (from petrol to electric vehicle

manufacturing, for instance). As such,

aggregate stranded asset losses in

those sectors could be counterbal-

anced by an increase in the value of

other portfolio positions.

Second, less affluent groups, particu-

larly in the United States and United

Kingdom, could be tipped (deeper)

into net negative wealth, increasing

risks of personal bankruptcy, and suffer

pay-out reductions from defined contri-

bution pension schemes. Because

adults are unequally exposed, e.g., 9%

of British pension funds have

completely divested from fossil fuels,12
Joule 7, 1383–1393, July 19, 2023 1385
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the losses for those who do sustain

them exceed the averages in Figure 2.

In continental European countries, cur-

rent high inflation rates arguably pose

a bigger threat to the value of financial

assets. Still, those groups who are

most exposed to stranded assets and

have little capital could experience eco-

nomic hardship.

These two outcomes generate a key

insight for ambitious climate change

mitigation: governments could com-

pensate socially relevant asset devalua-

tion at low cost. For instance, compen-

sating all stranded assets of the

bottom 50% under medium losses (Fig-

ure 1), would cost $9 billion in Europe

and $12 billion in the United States.

These amounts are lower than the

recent German government bailout of

the utility Uniper for $15 billion,13 or

anticipated compensation to investors

insured under the Energy Charter
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Treaty against losses caused by climate

policy of up to $20 billion.14 Even

doubling compensation figures to

extend equal protection to all groups

would keep compensation figures

modest. Figures S6 and S7 present

what fully compensating each group

would cost, expressed as a share of

gross domestic product (GDP) and na-

tional wealth. Compensating all losses

incurred by the least affluent 90% of in-

dividuals would cost between 0.1-1.2%

of GDP and 0.02-0.3% of national

wealth, depending on country.

Funding options

Funding for compensation could be pro-

cured in several ways. A modest price of

$13/MTCO2e on US carbon emissions

would raise about $74 billion per year

over the next decade15; compensating

the bottom50%would only use one-sixth

of one year’s revenue and thus leave

enough funds to also avoid regressive
redistribution from the pricing via, e.g., a

carbon dividend.16 In some countries,

financing could also result frompushback

against investor treaties, such as the En-

ergy Charter. If some of these treaties

were abolished, a portion of the savings

could be redistributed. Finally, financing

could also bedonedirectly by redistribut-

ing wealth. A modest progressive wealth

tax on the top 0.005% of the population

(2% on the net wealth of persons owning

over $100m and 3% on persons owning

over $1bn) could compensate the totality

of strandedasset losses inabout 2 years in

the United States and less than 3 years in

Europe8 (Table S3).

High-income country governments are

expected take bold climate action. The

prospect of stranded assets, and their po-

tential impacts on low- and middle-class

capital owners, is no credible deterrent

to doing so. Stranded assets appear

to be disproportionately concentrated
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among the verywell-off and losses can be

compensated at relatively low cost

among the poor. Our results remain

limited by little data transparency and

availability on these important matters.

We stress that increasing governments’

statistical capacity to better track

stranded asset ownership will be impor-

tant for implementing fair decarboniza-

tion policies. If such compensation can

be carried out, the main political eco-

nomic challenge to be overcome is

lobbying by affluent fossil-fuel interests

to protect their wealth at risk. In principle,

these investors should be able to hedge

their portfolios against excessive expo-

sure to stranded fossil-fuel assets. We

stress that this analysis focuses solely on

financial capital ownership and its distri-

bution in affluent countries—that is,

we leave aside the question of loss of

labor incomes as well as that of other

macroeconomic impacts, which could

be analyzed in future work. Analyses

of macroeconomic impacts in less

affluent, oil-exporting countries find that

those countries can face greater macro-

economic challenges associated with

stranded assets, even if these are smaller

in absolute numbers.17 We also note

that it would be important to investigate

more precise portfolio holdings across

thewealth distributionwithmoregranular

data. Given the limited variation in shares

of wealth lost even under strong portfolio

bias, we suggest that our results here pro-

vide a robust first-order approximation

over possible outcomes.

DATA AND CODE AVAILABILITY

Figure and data code will be availbale

with Zenodo upon publication at

https://doi.org/10.5281/zenodo.

7008065.

SUPPLEMENTAL INFORMATION

Supplemental information can be found

online at https://doi.org/10.1016/j.
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