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The basics: How climate metrics work

Overview talk by Keith Shine…

Emission metrics:
Simple means to compare the
climate impacts of the emission 
of different species.

Numerous metrics, numerous 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

IPCC 2013 WG1 Ch.8
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The basics: How climate metrics work

Pulse based metrics + convolution impact of any emission scenario

Pulse emissions Sustained emissions 1% per year increase

Temperature response aviation NOx emissions
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Short lifetime of BC and CH4 – the reference gas determines the
behaviour of the normalized metric over time

IPCC 2013 WG1 Ch.8

Should/can we use metrics to 
trade between short-lived and 
long-lived species? 
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″The GWP100 can be used to 
approximately equate a one-off
pulse emission of a cummulative
pollutant and an indefinitely
sustained change in the rate of
emission of an SLCP. ″ 

5



Uncertain radiative forcing translates to large range in metric
values

Bond et al. 2013 (JGR)

Radiative forcing
Emission metrics
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Metric values for global impact depend on the 
region and timing of the emissions due to the short 
lifetime of BC

Regional emissions, 
global response

Collins et al. 2013 (ACP)

Aamaas et al. 2016 (ACP)

BC GTP(20) by emission region

BC GTP(20) by emission region
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Large spatial variability in metrics hidden by 
global averaging

Regional emissions, 
regional response

Lund et al. 2014 (Atm. Environ.)

Collins et al. 2013 (ACP)

NB! Altitude matters!

Aamaas et al. 2017 (ACPD)

ARTP(20) BC summer emissions ARTP(20) BC winter emissions

Regional temperature response to regional BC diesel emissions

ARTP(20) BC 
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Strong hydrological impacts of BC

BC in the atmosphere causes surface dimming 
and changes the vertical temperature profile 
differently than the long-lived GHGs. 

The various hydrological impacts caused by the 
dimming from BC are not captured in metrics that 
are based on global climate forcing or global 
mean surface temperature change.

Samset et al. 2016 (JGR)

CO2
BC

CH4

Temperature (top), precipitation (middle) and hydrological sensitivity (bottom), PDRMIP multi-model mean
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Assessing hydrological impacts – Global Precipitation-change
Potential

Shine et al. 2015 (ESD)

Precipitation change, sustained year 2008 emissions
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Measuring societal impacts
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1. What are the arrays of available metrics for black carbon and methane for the group’s theme (that is 
climate, health, agriculture and economics?

2. Which metrics would be best suited within the UNFCCC / NDC / SDGs context?

3. Which metrics would be best suited in the context of climate finance?

4. How can suggested metrics be used by the various policy communities, such as national or regional 
governments?

5. What are the challenges/barriers for uptake in using some of these metrics in the policy community?

Suggested questions to guide discussions:

12



cicero_klima
cicero.oslo.no
cicerosenterforklimaforskning

m.t.lund@cicero.oslo.no
Thank you
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