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“Pedigree” 

• Convening Lead Author, Radiative 
Forcing: WG1 FAR and SAR 

• Therefore: partly “to blame” for both 
the GWP and for the values of GWP 
adopted in the first reporting period of 
Kyoto Protocol 

• Also Review Editor (Radiative Forcing) 
of WG1 AR5   



Why metrics? 

• UNFCCC: 

“…policies and measures should …., be 
comprehensive, cover all relevant sources, 
sinks and reservoirs…” 

• Kyoto Protocol:  

a multi-gas approach (or “basket approach”) 
including CO2, CH4, N2O, HFCs, PFCs, SF6  



Metric design 1 

• The metric provides an “exchange rate” to 
allow the climate effect of emissions of 
gas x to be compared with emissions of 
gas y (normally CO2)   

• We can then put emissions of all gases on 
a common scale (“equivalent CO2”) 

• Ideally, the same equivalent CO2 
emissions would produce the same 
climate effect regardless of which gases 
contribute to that equivalent CO2 



Metric design 2 

• An underlying assumption is that metrics 
should be simple to apply without further 
science input 

• They must be flexible enough to incorporate 
new knowledge 

• Ideally they should provide the user with a 
measure of uncertainty 



Choice of climate impact 

IPCC AR5 WG1 Fig 8.27 



Choices for metrics 

• What parameter? e.g. radiative forcing, temperature change, 
sea-level rise, economic impacts, or the rate of change of 
these?  

• What emission? Pulse, sustained,…? 

• What time horizon? 

• Value at a given time  or integrated over a given time 
horizon, and/or discounted? 

The above choices can affect decisions as to whether it is 
(perceived) to be best to cut short-lived or long-lived gases – 
and the choice of metric depends on the policy that it 
aims to fulfil 



Kyoto Protocol use of the Global 
Warming Potential (GWP) 

• The first Kyoto commitment period of Kyoto, uses 
the 100-year time-horizon GWP as given in SAR. 
(AR4 values used in second commitment period) 

• Generally accepted as an appropriate measure by 
the user community 

• At the time of the Kyoto Protocol, the GWP was 
the only metric on offer to the policy community, 
that had been assessed by IPCC 

• There has been a sustained and vigorous debate 
about them in the academic literature (which has 
been referred to in IPCC assessments) 



The Global Warming Potential 
(GWP) - the view from IPCC’s 

First WG1 Assessment Report … 

Section 2.2.7: “It must be stressed that 
there is no universally accepted 
methodology for combining 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 …” 



FAR view on climate metrics was 
based on a very limited literature 



where H is the time horizon 
 
GWP has a strong memory of short-
lived emissions (often 
misunderstood; no climate 
response included) 

100 20 

Radiative Forcing 
(RF) 

The GWP can be related to temperature change in specific 
circumstances e.g. the eventual temperature change due to 
sustained emissions, or the the time-integrated temperature 
change due to a pulse emission  

Definition of 
the GWP 

The time-integrated radiative forcing 
in response to a pulse emission of a 
gas (relative to the same quantity for 
a emission of the same mass of CO2)    



What kind of “equivalence” does 
the GWP give? 

Equivalence of 
emission 
reductions in GWP 
terms does not 
(necessarily) lead 
to equivalence in 
temperature 
change or other 
climate parameters 

Fuglestvedt et al. 2003 Climatic Change 58:267-331 
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Time horizon 

IPCC 1990 presented three time-horizons 
(20, 100 and 500 yr)…  

 ….‘as candidates for discussion [that] 
should not be considered as having any 
special significance’ 
 

SAR GWP20 GWP100 GWP500 

CH4 56 21 6.5 

No compelling scientific argument for selecting 100 
yrs compared with other horizons. Did Kyoto choose 

the middle value of those available? 



History 

• FAR – GWP(20, 100, 500) for about 20 gases; 
no alternative metrics pursued 

• SAR - GWP(20, 100, 500) for about 40 gases; 
no alternative metrics pursued  

• TAR - GWP(20, 100, 500) for about 90 gases; 
no alternative metrics pursued 

• AR4 -  GWP(20, 100, 500) for about 100 gases; 
discussion of an alternative metric, the Global 
Temperature-change Potential (GTP), but no 
values presented 

• AR5 – see next talk!  
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 strong memory 

(often misunderstood; no 

climate response included) 

Large differences between GTP 

and GWP for short-lived 

components 

Temperature response 

Radiative 
Forcing (RF) 

Shine et al., 2005: 



Post-AR4 
Key Conclusions and Recommendations to 

UNFCCC: 

1. GWP is a well-defined metric ... that continues to 
be useful in a multi-gas approach. Shortcomings 
have been identified ... 

2. The effectiveness of the use of a given metric 
depends on the primary policy goal ... The GWP 
was not designed with a particular policy goal in 
mind. Depending on the ...  policy goal ... 
alternative metrics may be preferable ... 

3. The GWP with the time horizon of 100 years is 
used in the Kyoto Protocol. (Its) numerical value 
... can depend markedly on the choice of time 
horizon. The choice of any particular time horizon 
involves value judgments in terms of future 
commitment ...  

4. Timely information on potential future policy 
goals would facilitate research on alternative 
metrics 



 

Workshop report at: FCCC/SBSTA/2012/INF.2 – 
no specific conclusions/recommendations 

http://unfccc.int/methods/other_methodological_issues/items/6737.php 



• There is nothing uniquely good about GWP (100) – 
arguably it is an “accident of birth” that we use it 

• The GWP(100) has enabled multi-gas climate policy 
and has generally been viewed as allowing a cost-
effective approach  

• There would be “costs” in moving away from using 
the GWP(100) to another metric 

• The choice of metric depends on the climate policy 
being pursued. Since Kyoto does not have a 
specific climate target, the choice of GWP(100) 
cannot easily be said to be suitable or unsuitable 

• Perhaps some “mutual satisfaction” between IPCC 
and the policymaking community on the suitability 
of GWP(100) which may have inhibited exploring 
alternatives? 

 

Some personal conclusions   


