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Diverse sources of natural and anthropogenic 
aerosols in Northern Eurasia
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Climate radiative forcing of atmospheric aerosols

Intergovernmental Panel on Climate Change (IPCC, 2001) 
global mean radiative forcing (W/m2): 2000 relative to 1750



Climate radiative forcing of atmospheric aerosols 
has a complex spatial distribution

Model predicted direct radiative forcing of main aerosol species

and associated temperature changes (Hansen et al)

The need for studies on a regional case-by-case basis



Biomass and fossil fuel burning is a large source of 
carbonaceous aerosols and highly uncertain

Increasing frequency of biomass burning 

in Northern Eurasia
Regional emissions of black carbon 

from fossil fuel burning            
(Novakov et al., 2003)

Higher emissions of carbonaceous aerosols 
as well as trace gases (CO, CO2, etc)

Control of fossil-fuel particulate black carbon and organic matter, possibly the 
most effective method of slowing global warming (Jacobson, 1992)



Atmospheric dust 

Long-range transport of Asian dustDrying up of the Aral Sea

Increasing frequency of dust storms in China 



The need for an integrative framework

Quantification 
of sources, 

transport and 
impacts of 

dust

Land use change 

Surface data 
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Vegetation cover/ 
soil moisture Atmospheric transport models



NEESPI science questions:

• What are the magnitude and spatial/temporal 
distribution of the radiative forcing caused by 
atmospheric aerosols over Northern Eurasia?

• How did the sources, distributions and properties of 
aerosols in Northern Eurasia change in recent years, 
and to what extent are these changes attributable to 
natural variability and human causes? 

• How will the future land-use and land cover changes, 
industry development and other human-induced 
changes affect emissions of different aerosol types 
in Northern Eurasia? 



Aerosols and the hydrological cycle

Dirty clouds: 

more reflection of solar radiation 
and less rainfall

Clear clouds

NEESPI science question:
What are the effects of changes of aerosol concentrations and 
properties on the formation of clouds, precipitation, and the 
overall hydrological cycle in Northern Eurasia?



Acid rain

 Forested area 
(in million ha) 

Growing stock 
(in billion m3) 

Sulfur 
European Russia 21.5 2.8 

      Asian Russia 210.0 24.5 
Total 231.5 27.3 

Nitrogen 
European Russia 1 0.2 
Asian Russia 87 11.4 

Total 88 11.6 
 

Forest area and growing stock at risk from 
sulfur and nitrogen depositions in Russia 

(Nilsson and Shvidenko, 1999)



Arctic haze

NEESPI science question:
How do atmospheric aerosols affect the terrestrial and aquatic 
ecosystems in Northern Eurasia?



Air pollution and human health

“…What does the future hold for us?
Smog filled skies and poison cars,
And broken land with useless dust 
And nature’s beauty behind bars…”

Even kinds these days 
know about health 

impacts caused by air 
pollution



Adverse impacts of aerosols on human well-being

Health impact

Aerosols cause decrease in solar 
radiation in the photosynthetically 
active region (0.4-0.7 µm) reducing 
photosynthesis

Agriculture impacts

Fine aerosol 
particles  are 
responsible for 
causing the greatest 
harm to human 
health. Inhaled deep 
into the lungs, they 
can cause breathing 
and respiratory 
problems, irritation, 
inflammation and 
cancer

Particle size

Reduction in 
productivity

Deposition of particles on the 
plants shields solar radiation

NEESPI science question:
How will the projected changes in atmospheric aerosols and 
air pollution affect air quality and human health in Northern Eurasia?



Focus on  aerosols

Strategic Plan for the Climate Change
Science Program New Priorities for the 21th Century –

NOAA Strategic Plan



The need for NEESPI

• Climate change and population development in the 21th 
century are expected to cause increases in atmospheric 
aerosol concentrations.  There is a clear need for improved 
knowledge of interactions between changing atmospheric 
aerosols and the Earth System to increase confidence in 
our understanding of how and why the climate and 
environment have changed

• By focusing on Northern Eurasia, NEESPI will provide 
breakthroughs in understanding the roles of atmospheric 
aerosols and air pollutants in climate change at the regional 
and global scales that are unlikely to be achieved without a 
focused inter-agency initiative 
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