
Cryosphere Mitigations Actions Report: 
Preliminary results and plan 

Elisabetta Vignati 
European Commission, DG Joint Research Centre 

On behalf of  

Luca Pozzoli, Rita Van Dingenen, Greet Maenhout (JRC) 
Drew Shindell, Greg Faluvegi (NASA) 
Zig Klimont (IIASA) 
Pam Pearson, Svante Bodin (ICCI) 



Outline 

•  Short lived Climate forcers 

•  Starting point of this work and plan 

•  Mitigation Actions 

•  Regional effects 

•  A larger picture   

2 July 4, 13 



Short Lived Climate Forcers: impacts 
on Cryosphere 

3 July 4, 13 

7

Short-lived Climate Forcers
Carbon dioxide (CO2) is the main driver of global 
climate change, but black carbon (or soot), ozone, 
and methane may have a combined e!ect comparable 
to those of carbon dioxide, both in the Arctic and 
globally. While there is still considerable uncertainty 
regarding the magnitude of e!ects from these sub-
stances, these forcers of climate change do not stay in 
the atmosphere nearly as long as carbon dioxide, and 
thus will respond more quickly in the short-term to 
reductions in emissions. Part of the powerful Arctic 
impact of these short-lived forcers comes from their 
seasonal nature, with the strongest impacts coming 
from late winter to mid-summer. "erefore, while re-
ductions in carbon dioxide emissions remain essential 
for long-term global (and Arctic) climate stabiliza-
tion, reducing emissions of short-lived climate forcers 
has the potential to slow warming in the near-term. 
By delaying the onset of spring melt, for example, 
reductions in short-lived climate forcers could slow 
Arctic warming and ice melt and ‘buy time’ while 
the longer-term benefits of carbon dioxide reductions 
take e!ect. Each forcer has unique characteristics im-
portant to designing appropriate mitigation measures. 
Reductions would additionally benefit the health 
of Arctic residents and, indeed, people around the 
world, providing another reason for prompt action.

Black carbon, methane, and ozone may be 
substantial contributors to Arctic warming
Black carbon consists of small, dark particles emitted 
into the atmosphere from ine#cient burning, such as 
wood stoves and diesel engines. It warms the Arctic 
in two ways. First, a haze layer of dark particles in the 
atmosphere absorbs sunlight, which contributes to 
overall global warming including that occurring in the 
Arctic. Most of the black carbon that reaches the Arctic 
is emitted from sources in the northern mid-latitudes. 
Second, some of the airborne black carbon that reaches 

the region is deposited onto ice and snow, resulting in 
a darkening of the surface. Since dark surfaces absorb 
more solar radiation, this enhances melting. Recent 
extensive modeling indicates that the majority of the 
black carbon deposited in this manner comes from 
northern latitudes. In Greenland, up to 80% of black 
carbon is from such sources, divided equally between 
North America and Europe. On Arctic sea ice, the 
figure is 70%, with a greater proportion coming from 
Europe and perhaps northern Asia.

Further sampling of snow and ice in the Arctic will 
help validate these modeling results. Because deposi-
tion in late winter and spring has the greatest impact 
on the spring melt, seasonal reductions in emissions, 
such as reductions in springtime burning in agricul-
tural areas, will be particularly important. 

Ozone, which is important in the stratosphere for 
protecting the Earth from ultraviolet light, also occurs 
in the lower atmosphere or troposphere. It is formed by 
chemical reactions between various pollutants, includ-
ing carbon monoxide, nitrogen oxides, and organic 
compounds such as methane. In the troposphere, 
ozone is a harmful pollutant and a greenhouse gas. 

�Short-lived climate forc-
ers such as black carbon, 
methane and ozone may 
have warming e!ects similar 
in magnitude to the long-
lived greenhouse gases 
such as CO2. Estimates of the 
warming due to SLCFs are 
still very uncertain and need 
to be further re"ned.

�Polar ice re#ects light 
from the sun back to space 
(a). Darker, soot-covered ice 
re#ects less light and, thus, 
enhances warming (b).
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Short Lived Climate Forcers: impacts 
on health and food production 
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Our starting point 

•  UNEP Assessment reports: 16 identified measures, 
implemented by 2030 

•  Health and crop benefits are substantial avoiding 
premature deaths and loss yields of maize, rice, wheat 
and soybean 

•  Substantial regional climate benefits: e.g. in the Arctic, 
for the Himalayas and South Asian monsoon 

•  The identified measures are all currently in use in 
different regions around the world 
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The current development 
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•  To better inform actions aimed at cryosphere regions, 
modeling SLCF impacts in snow and ice regions 

•  Using same models as UNEP/WMO Assessment to assess 
regional cryophere impacts- NASA-GISS, ECHAM, FASST 
(JRC) …..PLUS:  Hadley Center Model 

•  Looks at impacts measure-by-measure and regionally 
with cryosphere lens and expertise 



Mitigation actions: 
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•  Cookstoves - Fan Assisted 
•  Cookstoves - 50%LPG/50% biogas 
•  Diesel – onroad (EURO VI) 
•  Diesel – offroad (EURO VI corresponding requirements) 

•  Biomass heating stoves –  pellets (with seasonality) 
•  Coal heating stoves – briquettes 
•  Oil and Gas Flaring (with spatial resolution) – Best 

Practice 
•  Open Burning – 50% reduction  

and measures reducing methane emissions 



The results are shown as 

difference between: 

2030 scenario with reduction 
measures  

    - 
2030 reference scenario  
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Regional impacts – effects on health 
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- Includes PM2.5 only, ozone effects much lower 

- all components are considered equally toxic 

- logarithmic PM2.5 Concentration Response Functions 
(Anenberg et al.  2012)  

- scaled down to 1X1 degree resolution using population 
data (population 2005 data) 

- no indoor air pollution effect 

- premature deaths (cardio-pulmonary + lung cancer)  



Regional impacts – effects on health 
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Regional impacts – effects on food 
production 
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Impact on direct aerosol forcing 
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Regional contributions to Arctic  
BC deposition 
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Regional contributions to Arctic  
BC deposition 
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Regional contributions to Arctic  
BC deposition 
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Net Forcing in Polar Regions: 
Cookstoves 
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Climate (co-)benefits at regional and 
global scale 
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Thanks for your attention! 


