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CO, emissions from fossil-fuel burning and industrial processes
have been accelerating at a global scale, with their growth rate
increasing from 1.1% y~1 for 1990-1999 to >3% y~' for 2000-
2004. The emissions growth rate since 2000 was greater than for
the most fossil-fuel intensive of the Intergovernmental Panel on
Climate Change emissions scenarios developed in the late 1990s.
Global emissions growth since 2000 was driven by a cessation or
reversal of earlier declining trends in the energy intensity of gross
domestic product (GDP) (energy/GDP) and the carbon intensity of
energy (emissions/energy), coupled with continuing increases in
population and per-capita GDP. Nearly constant or slightly increas-
ing trends in the carbon intensity of energy have been recently
observed in both developed and developing regions. No region is
decarbonizing its energy supply. The growth rate in emissions is
strongest in rapidly developing economies, particularly China.
Together, the developing and least-developed economies (forming
80% of the world’s population) accounted for 73% of global
emissions growth in 2004 but only 41% of global emissions and
only 23% of global cumulative emissions since the mid-18th cen-
tury. The results have implications for global equity.

carbon intensity of economy | carbon intensity of energy | emissions
scenarios | fossil fuels | Kaya identity

Atmospheric CO; presently contributes ~63% of the gaseous
radiative forcing responsible for anthropogenic climate
change (1). The mean global atmospheric CO; concentration has
increased from 280 ppm in the 1700s to 380 ppm in 2005, at a
progressively faster rate each decade (2, 3).* This growth is
governed by the global budget of atmospheric CO, (4), which
includes two major anthropogenic forcing fluxes: (i) CO, emis-
sions from fossil-fuel combustion and industrial processes and
(i) the CO; flux from land-use change, mainly land clearing. A
survey of trends in the atmospheric CO, budget (3) shows these
two fluxes were, respectively, 7.9 gigatonnes of carbon (GtC) y~!
and 1.5 GtC y~! in 2005 with the former growing rapidly over
recent years, and the latter remaining nearly steady.

This paper is focused on CO, emissions from fossil-fuel
combustion and industrial processes, the dominant anthropo-
genic forcing flux. We undertake a regionalized analysis of
trends in emissions and their demographic, economic, and
technological drivers, using the Kaya identity (defined below)
and annual time-series data on national emissions, population,
energy consumption, and gross domestic product (GDP). Un-
derstanding the observed magnitudes and patterns of the factors
influencing global CO, emissions is a prerequisite for the
prediction of future climate and earth system changes and for
human governance of climate change and the earth system.
Although the needs for both understanding and governance have
been emerging for decades (as demonstrated by the United
Nations Framework Convention on Climate Change in 1992 and
the Kyoto Protocol in 1997), it is now becoming widely perceived
that climate change is an urgent challenge requiring globally
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concerted action, that a broad portfolio of mitigation measures
is required (5, 6), and that mitigation is not only feasible but
highly desirable on economic as well as social and ecological
grounds (7).

The global CO; emission flux from fossil fuel combustion and
industrial processes (F) includes contributions from seven
sources: national-level combustion of solid, liquid, and gaseous
fuels; flaring of gas from wells and industrial processes; cement
production; oxidation of nonfuel hydrocarbons; and fuel from
“international bunkers” used for shipping and air transport
(separated because it is often not included in national invento-
ries). Hence

F = Fsgig + Friquia + Fcas T+ Frare

~35% ~36% ~20% <1%
+ FCement>+ FNonFuelHC + FBunkers s [1]
~3% <1% ~4%

where the fractional contribution of each source to the total F
for 2000-2004 is indicated.

The Kaya identity®® (8, 9) expresses the global F as a product
of four driving factors:

A

where P is global population, G is world GDP or gross world
product, E is global primary energy consumption, g = G/P is the
per-capita world GDP, e = E/G is the energy intensity of world
GDP, and f = F/E is the carbon intensity of energy. Upper- and
lowercase symbols distinguish extensive and intensive variables,
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