
 The direct GWP of a gas x is calculated as the ratio of 
the time-integrated radiative forcing from a pulse emission 
of 1 kg of that gas relative to that of 1 kg of a reference gas

 
(2.5)

where TH is the integration time (the time horizon) over which 
the calculation is performed. The gas chosen as reference is 
generally CO

2
, although its atmospheric decay function is sub-

ject to substantial scientific uncertainties (IPCC, 1994). 
 The numerator of Equation (2.5) is the absolute GWP 
(AGWP) of a gas. In practice, the AGWP is calculated using 

the following procedure: 

 
       (2.6)

where, ax is the radiative forcing due to a unit mass increase 
of the gas x distributed according to its expected steady-state 
distribution for continuous emission, ΔBx(t) is the change in 
burden due to the pulse emission, and τx is the lifetime of the 
perturbation of species x.
 The calculation is performed over a finite period of time 
to facilitate policy considerations. The integration time ranges 
from 20 to 50 years if atmospheric response (e.g., surface tem-
perature change) is of interest, or from 100 to 500 years if a 
long-term effect (such as sea-level rise) is to be considered. 
 Substances with very long lifetimes, such as PFCs and 
SF

6
, have contributions that may exceed these time scales, and 

hence the use of GWP may be inadequate for these species. 
Conversely, one should be cautious about using the derived 
GWP values for gases with lifetimes shorter than 5 years that 
may not be uniformly mixed in the atmosphere, although the 
concept may be used to some extent for short-lived species and 
can be applied to the calculation of indirect contributions as ad-
dressed in Section 2.5.3.

2.5.2 Calculation of radiative forcing 

The radiative forcing due to a change in the abundance of a 
greenhouse gas is the net (down minus up) irradiance change 
(in watts per square meter, W m–2) at the tropopause induced by 
this perturbation. It is calculated using a forward radiative-trans-
fer code that computes the irradiance at different atmospheric 
levels, with the infrared absorption spectrum of the molecule as 
a key input. Calculation can be performed using simplified as-
sumptions (clear-sky instantaneous forcings) or using improved 
schemes that take into account cloud coverage and allow strat-
ospheric temperatures to re-adjust to radiative equilibrium (ad-

Box 2.2. Definitions of radiative forcing and global warming potential (GWP)

Radiative forcing
• The radiative forcing quantifies the ability of a gas to perturb the Earth’s radiative energy budget.
• Definition: The radiative forcing of the surface-troposphere system due to the perturbation in or the introduction of gas 

is the change in net (down minus up) irradiance (solar plus longwave, in W m–2) at the tropopause, after allowing for 
stratospheric temperatures to re-adjust to radiative equilibrium, but with surface and tropospheric temperatures and other 
state variables (clouds, water) held fixed at the unperturbed values.

Global warming potential (GWP)
• The global warming potential is a relative index used to compare the climate impact of an emitted greenhouse gas, relative 

to an equal amount of carbon dioxide.
• Definition: The global warming potential is the ratio of the time-integrated radiative forcing from a pulse emission of 1 kg 

of a substance, relative to that of 1 kg of carbon dioxide, over a fixed horizon period. 
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Figure 2.7. The time evolution of the radiative forcing (in W m–2) 
associated with the decay of a pulse emission, released into the 
atmosphere at time t = 0, of various gases with an atmospheric lifetime 
spanning 1.4 years (HFC-152a) to 50,000 years (CF4) (see also Figure 
2.2). The 20-, 100-, and 500-year time horizons (TH) used for GWP 
calculations are shown by vertical lines.
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