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No single metric can accurately 

compare all consequences of 

different emissions, and all have 

limitations and uncertainties. 

From Summary for Policymakers  
 



Key Messages on metrics: 

Metrics do not define policies or goals  
 

…. but facilitate evaluation and implementation of multi-gas policies 

to meet particular goals 

 

All choices of metric contain implicit value-related judgements 
 
 

The Global Warming Potential (GWP) and Global Temperature 

change Potential (GTP) have limitations, and there are 

inconsistencies related to indirect effects and feedbacks 

 

GWP is not directly related to a temperature limit (e.g., 2°C target) 

 

 

 
 



No single metric for all applications 



Many applications: 

• Climate agreements 

• Emission trading 

• Climate policy assessments  

• Trade-offs in policy making 

• Design and operation (e.g. aircraft) 

• Information about properties of 

components  and uncertainties 

• Scientific studies 



Many applications: 

• Climate agreements 

• Emission trading 

• Climate policy assessments  

• Trade-offs in policy making 

• Design and operation (e.g. aircraft) 

• Information about properties of 

components  and uncertainties 

• Scientific studies 

Fuglestvedt et al., 2010 Collins et al., 2010 

GTP20 

-2 0 2 4 6 8 10

Power

Industry

Aviation

On-road

Off-road land

Shipping

Household fossil fuel

Animal Husbandry

Agriculture

Agr. Waste burning

Biomass burning

Waste/landfill

T(50 years) for pulse emissions from the World

T (mK)

 

 

Synthetic

SO2

CO

VOC

NOx

N2O

CH4

CO2

Shindell et al., 2009 



What is new since AR4? 

No recommendation for metric choice is given in AR5 

 

Uncertainties emphasized and better quantified  

 

Point to inconsistent treatment of indirect effects / feedbacks 

 

Point to implicit value-based judgments 

 

Assessed alternatives to GWP 

 

Updated values of both GWP and GTP for > 200 compounds 



Although it has several known shortcomings, a 
multi-gas strategy using GWPs is very likely to 
have advantages over a CO2-only strategy 
(O’Neill, 2003). Thus, GWPs remain the 
recommended metric to compare future 
climate impacts of emissions of long-lived 
climate gases. 

Statement on GWP in IPCC AR4  



… provides an assessment that 
focuses on the scientific aspects and 
utility of emission metrics. Extending 
such an assessment to include more 
policy-oriented aspects of their 
performance and usage such as 
simplicity, transparency, continuity, 
economic implications of usage of one 
metric over another, etc., is not given 
here as this is beyond the scope of 
WGI. However, consideration of such 
aspects is vital for user assessments. 
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GWP: Based on pulses of 
different gases 
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Integrated up to chosen 
time horizons (H) 
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GWP: Based on pulses of 
different gases 
 
Integrated up to chosen 
time horizons (H) 

Then normalized to AGWP for CO2: 
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Then normalized to AGWP for CO2: 

GWP has a strong and «artificial» memory. 

Often misunderstood; no climate response included. 
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Time horizon 
IPCC 1990 presented three time-horizons 
(20, 100 and 500 yr)  

  

SAR GWP20 GWP100 GWP500 

CH4 56 21 6.5 

Kyoto Protocol: 100 years 
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 strong memory 

(often misunderstood; no 

climate response included) 

Radiative Forcing (RF) 
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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: 



Myhre et al., 2013, AR5 

Temperature responses for total anthropogenic emissions for a one year emissions 

Application of (A)GTP – an example 



In previous reports: 20, 100 and 500 years. 
 

Values for 500 years not presented in AR5 
Long-term effects addressed in other ways 

> 200 gases 

We also give AGWP and AGTP to separate  
out changes due to reference gas CO2 

Metric table from AR5 



Changes in GWP100 values since AR4 

CH4: 25  28 

 
N2O: 298 265 

 
SF6: 22 800 23 500 

 
HFC143a: 4470  4800 

 

HFC245fa: 1030  858 

WHY HAVE 

THEY 

CHANGED? 



The reference gas: CO2 

Response to an instantaneous 
emission of CO2 

 

Shows how much remains in the atmosphere 



The reference gas: A moving target 
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The reference gas: A moving target 



Why has the GWP for methane changed since AR4? 



+ + 6% 

+ 6% 

+ + 20% + + 13% 
12  12.4 yrs 0.25 

 .5 

 

 

Why has the GWP for methane changed since AR4? 



User related choices 

• Discount rate 

• Global vs regional 

• Inclusion of indirect 
effects/feedbacks? 

• Background conditions 

Scientific uncertainties 

• Radiative efficency (Wm-2/kg) 

• Lifetime of non-CO2 components 

• Impulse response function for CO2 

• Climate sensitivity and impulse 
response function for ΔT  

Factors affecting the metric values 

For a change in time horizon from 20 to 100 years for CH4:  
 
GWP: 84  28 
GTP: 67  4  

• Impact (RF, ΔT, …) 
• Time horizon 
 



Effects of scientific uncertainties (5 to 95% uncertainty range) 

 
CH4:  GWP20: ±30%                        GWP100: ±40%  
 

The uncertainty is dominated by CO2 and indirect effects.  
 

For gases with lifetimes of a few decades: in the order of ±25% 

and ±35% for 20 and 100 years.  

 

For gases with lifetimes of a century or more: order of ±20% 

and ±30% for 20- and 100-year horizons.  
 

 

 

GTP for CH4: ±75%  
 
 

 

Are the uncertainties in GTP larger than for GWP? 



Implict value judgements in metrics 

Weighting of effects over time 



Implict value judgements in metrics 

Weighting of effects over time 



Limitation:  

Inconsistent treatment of climate-carbon feedbacks 
 

Previously: Included for CO2 but not for non-CO2 components 



Limitation:  

Inconsistent treatment of climate-carbon feedbacks 
 

Previously: Included for CO2 but not for non-CO2 components 

CH4: GWP100 = 28  34     GTP100 = 4  11 

N2O: GWP100 = 265  298   GTP100 = 234  297 

AR5 includes this tentatively: 



… review and assess the metrics for SLCF – 

give overviews of metric values in the literature – 

we do not «adopt» or recommend these values 



Global emissions weighted by GWP and GTP for different horizons 



Scientific performance 

Assessment of metrics for policy making 

Policy performance & benefits 



SUMMARY 

• Metrics do not define policies or goals; facilitate imple-
mentation of multi-gas policies to meet particular goals 

• GTP and GWP fundamentally different 

• No single metric for all applications 

• AR5: No clear recommendation as in AR4 

• Choices of metric contain implicit value-related judgements 

• GWP not directly related to a temperature target  

• The GWP and GTP have limitations; inconsistent treatment 
of indirect effects and feedbacks 

• There are alternatives to the current implementation of the 
multi-gas policies (multi-basket; gas-by-gas) 


