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It was about 20 years ago today when Global Warming Potentials (GWP) became
established as a method for comparing the climate effects of emissions of different
greenhouse gases. Since then they have been going in and out of style. The GWP
was originally presented as a climate analogue to the ozone depletion potential, to
help assess the climate impacts of switching from chlorofluorocarbons to hydroflu-
orocarbons (and related molecules) (Rogers and Stephens 1988; Fisher et al. 1990).
Interest in its wider utility, and in particular its use to compare the climate impact of
emissions of CO2 with non-CO2 greenhouse gases, soon followed (e.g. Lashof and
Ahuja 1990; IPCC 1990).

The First Assessment Report (FAR) of the Intergovernmental Panel on Climate
Change (IPCC 1990) tentatively embraced the concept—as the Convening Lead
Author of the relevant chapter in that assessment, I was interested to re-read what we
had written way-back-when; in particular, I wanted to see whether, with hindsight, I
might have changed anything. I believe that we had many of the necessary caveats in
place but I was particularly struck by one statement (where the square brackets are
my additions for clarity):

“It must be stressed that there is no universally accepted methodology for com-
bining all the relevant factors into a single [metric] . . . A simple approach [i.e. the
GWP] has been adopted here to illustrate the difficulties inherent in the concept.”

But it seems that the die was cast. The IPCC retained the GWP as a metric of
choice. As the Kyoto Protocol is a multi-gas treaty, it requires a method to allow
parties to the protocol to place emissions of different gases on a CO2-equivalent
scale. The GWP (with a 100 year time horizon) was adopted for this purpose. Indeed,
it can be argued that it was the existence of the GWP (or its endorsement by the
IPCC) which led to the Kyoto Protocol being a multi-gas treaty—see e.g. Skodvin
(1999) for a discussion.
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Did something go wrong here? How did “a simple approach” which was “adopted
. . . to illustrate . . . difficulties” become established in a major piece of environmental
legislation, where it had the potential to influence big investment and policy deci-
sions? There are several hypotheses. Were the FAR authors unusually perceptive
and got it right first time? Could nobody come up with anything better? Or has the
IPCC been lax in assessing alternatives and driving the agenda forward? Indeed, has
there been what might be termed an “inadvertent consensus”, so that the IPCC and
policymakers have each perceived that the other was content with the concept and
didn’t apply pressure to fully assess alternatives?

Assuming we can discount the first hypothesis as wishful thinking, the likely
answer seems to be a mixture of the second two. Certainly there has been no shortage
of assessment and criticism of the GWP concept (for example, see earlier Editorial
Comments in this journal (O’Neill 2000, 2003; Smith 2003), Shackley and Wynne
(1997) and Fuglestvedt et al. (2003, 2009) and references therein). The GWP (at
least under the IPCC definition1) is the time-integrated radiative forcing due to a
pulse emission of a given gas, relative to a pulse emission of an equal mass of CO2;
much of the criticism has centred on the meaning, in terms of climate impact, of
CO2-equivalence when calculated using such a method. But the attractions (such as
transparency, ease of application etc) of the GWP seem to have prevailed and the
lack of specificity in what aspect of climate change the GWP actually represents may
have been useful in a policy context.

Criticism of the IPCC might be met with indignance by Working Group 1 (i.e.
physical science) Lead Authors, but the Editorial Comment by Godal (2003) seems
to hit the nail on the head. It is not Working Group 1 that I am criticising. The
problem with IPCC’s handling of emission indices is that it has been handled
almost entirely as a physical science issue; it has failed to involve, in an integrated
manner, the impacts community and, most tellingly, the economics community,
within Working Groups 2 and 3 respectively.

The perspectives and intellectual frameworks that the economics community can
provide in the development of emission metrics seem crucial to me, and some of the
most withering criticisms of GWPs come from this community. Manne and Richels
(2001) (and see the associated News and Views by Bradford 2001) stands very tall in
this regard

Manne and Richels (2001) proposed, instead, “price ratios” which were based on
a so-called aggregate general equilibrium model, which included, for example, sub-
components representing the economy and energy sector, in addition to representa-
tions of the climate system. One important example that they illustrated was for the
case of a climate policy which aims to keep temperature change below some pre-

1Although the IPCC definition is in most widespread use, it is not the only one. Fisher et al. (1990)
defined the GWP as the ratio of the surface temperature change due to a sustained emission of a gas,
relative to the temperature change due to a sustained emission of CFC-11. As pointed out by Fisher
et al. (1990) this is equivalent to the IPCC definition provided the climate sensitivity of the gas and
CFC-11 are the same and an infinite time horizon is adopted; Shine et al. (2005) showed that even for
a time horizon of 100 years, the equivalence is quite close. Rotmans and den Elzen (1992) adopted a
quite different definition of the GWP which, in modern parlance, appears closer to a time-integrated
version of the pulse global temperature change potential—its relationship to the IPCC definition
does not seem to have been explored.
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specified target some time in the far future; in this case, emissions of short-lived
species such as methane would initially have a relatively low value, as emissions
of these species now has little impact on temperatures far in the future; but as the
target temperature is approached, the emissions of the short-lived species grow in
importance, and there should be more incentive to reduce them. A similar result
has also been shown by, for example, O’Neill (2003) and Johannson et al. (2006,
2008). As shown by van Vuuren et al. (2006), this perspective might lead to quite
different decisions on which gases to mitigate, and when, than would be found using
the conventional usage of the GWP (i.e. adopting the same time horizon regardless
of when the emission reductions occur).

I have heard it stated that the Manne and Richels type of approach is the way
emission indices should be constructed. However, while such approaches clearly
gain in intellectual rigour, there is a lack of transparency (at least, when viewed
by this physical scientist); they include assumptions on, for example, marginal
abatement costs, which are highly uncertain and potentially controversial, especially
when applied many decades in the future. Straightforward interpretations of the
resulting outputs do not seem to yet be available—does the behaviour of the resulting
price ratios originate from the physical aspects of the climate system or from the
economics, or some combination of the two? The GWP, at least, is more transparent,
has fewer embedded assumptions and it is easy to understand the behaviour of
numerical values.

But this comes back to the heart of the issue about the IPCC process. The Editorial
Comment by O’Neill (2000) was entitled “The jury is still out on global warming
potentials”; it is an excellent overview of issues, but perhaps what he did not do,
as a barrister might have done, was to ask “who is on the jury?”. In terms of
IPCC assessments, it has been Working Group 1 scientists, myself included, who
have largely stood as judge and jury in this debate and this seems to have bred a
conservative physical science approach and fed the inadvertent consensus.

Fortunately, there are signs that the inadvertent consensus is being challenged.
Together with the other papers cited herein, our attempt to mimic some aspects of
the Manne and Richels (2001) results, using a purely physical science approach, the
Global Temperature Change Potential (GTP) (Shine et al. 2005, 2007), appears to
have had the agreeable effect of contributing to pressure for a renewed debate.

The integral nature of the GWP means that the memory of the emission of a short-
lived but radiatively-strong gas is retained, long after the pulse itself has decayed
to zero. By contrast the pulse form of the GTP calculates the surface temperature
change at some given time after the emission. It has one aspect of “memory” that
the GWP does not (i.e. the thermal inertia of the climate system); however, it is an
“end-point” metric, and so for long-time horizons, the GTP for short-lived gases is
much lower than the GWP. For example, methane has a 100-year GWP of 25, whilst
its 100-year GTP is 4, using the figures from Fuglestvedt et al. (2009).

If you happen to be a country with significant methane emissions, the effect of
using either the GWP or the GTP on overall CO2-equivalent emissions is stark.
As examples, using the most recent data on the website of the United Nations
Framework Convention on Climate Change (unfccc.int) (and excluding land use
change and forestry), Brazil’s methane emissions for 1994 would be 110% of their
CO2 emissions, when CO2 equivalence is calculated using the GWP; for New
Zealand (for 2006) the corresponding figure would be 90%. By contrast, if the GTP
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were used (and I make no claims that the choice of a 100 year time horizon is
defensible—I merely do it for consistency with the Kyoto approach for the GWP),
the figures would be just 15% and 17% respectively.

Hence, it is unsurprising that some countries are raising fresh concerns about
the methodology used to calculate CO2-equivalent emissions, and this has led to
new activity within IPCC (IPCC 2009). This promises to open up the kind of cross-
disciplinary debate and collaboration that I feel has been needed for several years
now.

Many of the issues are discussed in more detail in the assessment by Fuglestvedt
et al. (2009). There is wider realisation that there is no such thing as a “best” metric,
irrespective of its intended use. The design of the metric depends on the policy it
is intended to serve; different choices may be made for policies with specific aims
(such as keeping below pre-specified levels of concentrations, radiative forcing or
temperature) than those like the Kyoto Protocol, which specifies emission targets for
each party but without a clearly-specified aim. There is an understanding that there
needs to be a clear choice of impact parameter (which could be radiative forcing,
temperature change, sea-level rise, economic impact etc), and its characteristic
(integrated over time, value at a particular time, rate of change, etc). There is more
focus on parameter choice within metrics—the stark differences between the GWP
and GTP for the CO2-equivalent emissions cited above could also be obtained using
the same metric but different time horizons (e.g. Skodvin and Fuglestvedt 1997). It
seems to be widely believed that the Kyoto Protocol chose a 100 year time horizon,
because it was the middle one of the three (20, 100 and 500 years) that happened to
be presented in IPCC reports. There is certainly no conclusive scientific argument
that can defend 100 years compared to other choices, and in the end the choice is a
value-laden one. And no matter how uncomfortable the concept of discounting can
be to physical scientists (see e.g. Sherwood 2007), the choice of any time horizon
short of infinity is, de facto, a decision to impose some kind of discounting (albeit
one that depends on the lifetime of the gas in question—see Fuglestvedt et al. 2003).

It is certainly premature to anticipate the demise of the GWP.2 Imperfect though
it might be, it still achieves an important role in allowing the implementation of the
Kyoto Protocol and there would undoubtedly be a cost to changing the method of
calculating CO2-equivalence; importantly, if there was to be a change, it would need
to be done with good cause, it would require widespread consensus, it would need
to be suited to the climate policy that it is meant to serve and it would have to have
some degree of permanence. Further, as shown by Johansson et al. (2006) (see also
O’Neill 2003), integrated climate-economic models indicate a large economic benefit
in adopting a multi-gas approach rather than a CO2-only approach in meeting some
specified temperature stabilization approach; however, they also show that there is
relatively little economic penalty in adopting the GWP to calculate CO2-equivalence,
rather than using their optimised approach (at least on a global level—this may not
be true for individual nations).

The paper by Tanaka et al. (2009) presents a fresh test of the GWP and proposes a
new alternative, which they call the Temperature Proxy Index (TEMP), which goes
some way to having some quantitative assessment of a “best” time-horizon. Their

2Previous reports of the death of the GWP have been greatly exaggerated. Shackley and Wynne
(1997) cite an anonymous scientist referring to “the end of the GWP saga” back in 1996!
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test is to examine how well past temperature changes (1890–2000) can be simulated
when methane and nitrous oxide emissions are replaced with their CO2-equivalent
emissions, when GWPs are used to calculate this equivalence. While this is setting a
test that the GWP may never have been designed to pass, the results are valuable.
Using the 20-year and 500-year GWPs leads to notable departures from a good
fit. While the “Kyoto” 100-year GWP is better, it is not optimal, and systemically
underestimates the observed temperature change. In the case of methane a time
horizon of 44 years produces the best fit; for nitrous oxide, 70 years produces the
best fit, albeit not a very good one.

Tanaka et al. (2009) then introduce a multiplier, TEMP, that is defined as the
multiplier of methane and nitrous oxide emissions which produces the best fit
between observed and modelled temperature change, but without any constraint
that it should correspond to any particular time horizon of the GWP. Hence this
new metric is defined by its ability to pass a pre-specified test, rather than being
driven by some pre-specified view on which aspect of an emission best represents its
consequent climate impact. For methane, the value of TEMP which achieves the best
fit for the 1890–2000 period is the same as the 44-year GWP; in the case of nitrous
oxide, the value is higher than can be obtained with any time horizon of the GWP.
Because the basis of TEMP is a best fit over a given period it can be regarded as an
integrative measure, so in this regard it is closer to the GWP than the GTP. Whether
a time-integrated version of the GTP could also be applied remains an open question.
The numerical value of TEMP depends on the time period that it is required to
simulate—in general, it is higher for short-lived species, for shorter periods. Over
long periods, the persistence of CO2 in the atmosphere means that short-lived gases
are less influential in controlling the temperature.

As Tanaka et al. (2009) acknowledge, a difficulty in applying TEMP in a forward
looking case, as it would need to be for application in climate policy, is that the value
will depend on future scenarios of climate change; however in this respect, it does
not differ from the application of the pulse GTP proposed in Shine et al. (2007).

Given the renewed interest in emission indices, TEMP arrives at an opportune
time. While it is less easy to derive values for TEMP than the GWP (because of its
requirement for a more complex and hence less transparent modelling framework),
its relationship to a clearly-stated behaviour of the climate system might prove to be
an attractive attribute. At the very least, the presence of such an alternative approach
should ensure a more informed debate.

Acknowledgements This work was supported by the European Union’s FP6 Integrated Project
QUANTIFY (Contract 003893). I thank Jan Fuglestvedt and Brian O’Neill for their helpful
comments. Some of my views have undoubtedly been shaped by the stimulating discussions at the
meeting of the IPCC Expert Group on Alternative Metrics in Oslo in 2009 (IPCC 2009).

References

Bradford DF (2001) Time, money and tradeoffs. Nature 410:649–650
Fisher DA, Hales CH, Wang WC, Ko MKW, Sze ND (1990) Model calculations of the relative effects

of CFCs and their replacements on global warming. Nature 344:513–516
Fuglestvedt JS, Berntsen TK, Godal O, Sausen R, Shine KP, Skodvin T (2003) Metrics of climate

change: assessing radiative forcing and emission indices. Clim Change 58:267–331



472 Climatic Change (2009) 96:467–472

Fuglestvedt JS, Shine KP, Cook J, Berntsen T, Lee DS, Stenke A, Skeie RB, Velders GJM, Waitz
IA (2009) Transport impacts on atmosphere and climate: metrics. Atmos Environ. doi:10.1016/
j.atmosenv.2009.04.044

Godal O (2003) The IPCC’s assessment of multidisciplinary issues: the case of greenhouse gas
indices. An editorial essay. Clim Change 58:243–249

IPCC (1990) Climate change: the intergovernmental panel on climate change scientific assessment.
Cambridge University Press, Cambridge

IPCC (2009) Summary report of the IPCC expert meeting on the science of alternative
metrics 18–20 March 2009, Oslo, Norway. IPCC-XXX/Doc.13 (31.III.2009) Available at
www.ipcc.ch/meetings/session30/doc13.pdf

Johansson DJA, Persson UM, Azar C (2006) The cost of using global warming potentials: analyzing
the trade off between CO2, CH4 and N2O. Clim Change 77:291–309

Johansson DJA, Persson UM, Azar C (2008) Uncertainty and learning: implications for the trade-off
between short-lived and long-lived greenhouse gases. Clim Change 88:293–308

Lashof DA, Ahuja DR (1990) Relative contributions of greenhouse gas emissions to global warming.
Nature 344:529–531

Manne AS, Richels RG (2001) An alternative approach to establishing trade-offs among greenhouse
gases. Nature 410:675–677

O’Neill BC (2000) The jury is still out on global warming potentials. Clim Change 44:427–443
O’Neill BC (2003) Economics, natural science, and the costs of global warming potentials—an

editorial comment. Clim Change 58:251–260
Rogers JD, Stephens RD (1988) Absolute infrared intensities for F-113 and F-114 and an assessment

of their greenhouse warming potential relative to other chlorofluorocarbons. J Geophys Res
93:2423–2428

Rotmans J, Den Elzen MGJ (1992) A model-based approach to the calculation of global warming
potentials (GWPs). Int J Climatol 12:865–874

Shackley S, Wynne B (1997) Global warming potentials: ambiguity or precision as an aid to policy.
Clim Res 8:89–106

Sherwood S (2007) Discounting and uncertainty: a non-economist’s view. Clim Change 80:205–212
Shine KP, Fuglestvedt JS, Hailemariam K, Stuber N (2005) Alternatives to the global warming

potential for comparing climate impacts of emissions of greenhouse gases. Clim Change 68:281–
302

Shine KP, Berntsen TK, Fuglestvedt JS, Bieltvedt Skeie R, Stuber N (2007) Comparing the climate
effect of emissions of short- and long-lived climate agents. Philos Trans R Soc, A 365:1903–1914

Skodvin T (1999) Making climate change negotiable: the development of the global warm-
ing potential index. Working Paper 1999:09. CICERO, Oslo, Norway. Available at
http://www.cicero.uio.no/media/194.pdf

Skodvin T, Fuglestvedt JS (1997) A comprehensive approach to climate change: political and scien-
tific considerations. Ambio 26:351–358

Smith SJ (2003) The evaluation of greenhouse gas indices—an editorial comment. Clim Change
58:261–265

Tanaka K, O’Neill BC, Rokityanskiy D, Obersteiner M, Tol RSJ (2009) Evaluating global warming
potentials with historical temperature. Clim Change. doi:10.1007/s10584-009-9566-6

van Vuuren DP, Weyant J, de la Chesnaye F (2006) Multi-gas scenarios to stabilize radiative forcing.
Energy Econ 28:102–120

http://dx.doi.org/10.1016/j.atmosenv.2009.04.044
http://dx.doi.org/10.1016/j.atmosenv.2009.04.044
http://www.ipcc.ch/meetings/session30/doc13.pdf
http://www.cicero.uio.no/media/194.pdf
http://dx.doi.org/10.1007/s10584-009-9566-6

	The global warming potential---the need for an interdisciplinary retrial
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


