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All economic activity requires energy;

to the extent this energy comes from

fossil fuels, the energy use results in

emissions of carbon dioxide, CO2.
The nature of this link between the

growth in economic activity and car-

bon emissions is a critical question for

climate change.1 Linkage implies that

deep emission reductions will constrain

economic growth; decoupling implies

that deep emission reductions are

possible with little or no effect on

growth. An answer to this question

is important for the United States,

but more crucial for rapidly growing

emerging economies such as China

and India that seek to improve their cit-

izens’ access to low-cost energy while

respecting the need to protect the

global environment.

Shortly before leaving office, President

Obama wrote an article, The Irrevers-

ible Momentum of Clean Energy, that

stressed the importance of ‘‘decou-

pling’’ energy sector emissions from

economic growth.2 He reported that

during the period of his presidency

(2008–2015), CO2 emissions from the

energy sector fell by 9.5% while the

economy grew by over 10%, based on

statistics in the 2017 Economic Report

of the President (ERP-2107).3 Other se-

nior members of his administration

have made similar observations about

the irreversible trend of maintaining

economic growth with lower carbon

emissions.4,5

The most instructive tool for analyzing

this ‘‘irreversible trend’’ and ‘‘decou-

pling’’ is the Kaya identity, which estab-

lishes an ironclad connection between

emissions and economic growth.6

In differential form, the Kaya identity

states that for a region, over any given

time period, the following relation

must hold between gross domestic

product (GDP), Y, energy use, E, and

carbon emissions, C.7
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The Kaya identity decomposes the link-

age between economic growth and
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carbon emission in two links: energy in-

tensity (E/Y) and carbon intensity (C/E).

Energy intensity declines, for example,

when higher energy prices cause firms

to make energy efficiency investments

that reduce the amount of energy

needed to produce product. Carbon in-

tensity declines, for example, when util-

ities shift from coal to natural-gas-fired

generation since coal emits almost

twice as much CO2 per kWe-hr as natu-

ral gas.

Table 1 and Figure 1 present data for

the time period 2008–2015 and projec-

tions for the period 2015–2040, which

satisfy the Kaya sum rules.7 As shown

in the 2008–2015 panel, during this

period, the United States improved en-

ergy and carbon intensity sufficiently

to enjoy modest economic growth

(1.4% annually) and reduced emissions

(�1.4% annually). In contrast, during

this period, China and the world experi-

enced increased carbon emission with

economic growth. While both carbon

and energy intensity improved in China

and globally, the improvement was

insufficient to reduce carbon emissions

over the period.

Short-term trends are not an adequate

guide to the future. Indeed, recently

the International Energy Agency (IEA)

announced that during the period

2014–2017, global CO2 emissions

were stable while economic grow was

positive.9

Projections about future economic

growth, energy and carbon intensities,

and accompanying carbon emissions

are highly sensitive to assumptions

about markets, policy measures, and

technology change. Both the Energy

Information Administration (EIA) and

the IEA offer several scenarios in order

to span the range of outcomes from

different assumptions. The 2015–2040

panel in Table 1 presents projections

for one common scenario, the EIA
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Table 1. Kaya Identity Relationships in Two Time Periods

Fractional Changesa Recent Past: 2008–2015 Future: 2015–2040

US China World US China World

GDP (%) 10.2 109 44 81 193 128

(1.4) (11.1) (5.3) (2.4) (4.4) (3.4)

Energy use
GDP (%) �12.4 �28 �21 �40 �50 �38

(�2.2) (�4.6) (�3.3) (�2.0) (�2.7) (�1.9)

Carbon emissions
Energy use (%) �6.5 �11 �2.5 �5 �18 �9

(�0.7) (�1.6) (�0.3) (0.0) (�0.8) (�0.4)

Carbon emissions (%) �9.7 34.2 11 2.2 21 29

(�1.4) (4.3) (1.5) (0.0) (0.8) (1.0)

Data sourced from Ref.8 All quantities in parentheses represent the annual average % change over that

time period.
aDX/X where X is the quantity in the left-hand column of the table.
‘‘reference case.’’ For the United

States, the EIA ‘‘reference case sce-

nario’’ is reasonable, not disruptive,

and assumes current policies stay in

place throughout the time period; it

projects essentially flat CO2 emissions.

However, Figure 2 demonstrates that

the EIA ‘‘reference case scenario’’ has

over the years overestimated the

amount of CO2 emitted in the United

States and provides a valuable

reminder of the uncertainty of such

projections.10
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For the United States, the Kaya identity

allows only an annual 1% decline in

CO2 emissions from more ambitious

de-carbonization assumptions of a

�1% decrease in carbon intensity, a

�2% decrease in energy intensity,

and 2% annual economic growth. If a

trend as favorable as the annual 1.4%

decline in CO2 emissions experienced

during 2008–2015 (a period of tepid

economic growth) continued until

2050, CO2 emissions in 2050 would

be 56% below 2005, far below the
Periods
80% mid-century Obama administra-

tion target.11

For rapidly growing, emerging econo-

mies such as China, now the globe’s

largest greenhouse gas emitter, the

Kaya identity presents a different stark

reality. China in its submission to the

Paris Accord pledged to reduce CO2

emissions per unit GDP by 60%–65%

from 2005 levels by 2030 (an annual

rate of 4.1%–4.7%). At the pace indi-

cated in Table 1, China may well meet

this target but at the expense of a lower

average annual economic growth rate

of 6%, which does not align with

the economic goals of the Chinese

government.12

The Kaya decomposition shows that

the extent of ‘‘decoupling’’ economic

growth and emissions depends

entirely on reductions in energy and

carbon intensity. The downward trend

in both these quantities is welcome

and likely it is ‘‘irreversible.’’ But the

decline is insufficient to avoid signifi-

cant average global temperature in-

crease in the second half of this cen-

tury. It is misleading to suggest that,

while this trend may create jobs and

benefit the United States, it will suc-

cessfully avoid the risks of climate

change.

Given the size and complexity of the

US and global energy infrastructure, a

stable policy is required to guide pub-

lic and private investments for the

innovation necessary to develop,

demonstrate, and deploy low carbon

technologies in priority areas such as

energy efficiency; smart electricity dis-

tribution systems; CO2 capture utiliza-

tion and disposal; energy storage,

especially batteries; and increase in

the uptake of CO2 by the terrestrial

biosphere.

It seems unlikely that the Trump

administration will pursue this course.

The much celebrated Paris agree-

ment is based on the highly unlikely



Figure 2. EIA Estimates of US CO2 Emissions by Year
expectation that a ground-up interna-

tional process will lead to reductions

in carbon emissions at the necessary

scale and pace, gigatonnes per year.

This nation and the world seek

insurance against the catastrophic risks

of climate change. It is difficult to

be optimistic that mitigation on its

own will protect the globe from the

consequences of climate change. The

United States and the world must

urgently turn to learning how to

adapt to climate change and to

explore the more radical pathway of

geoengineering.
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