Identification and Separation of Aeros
Impact on the Climate of China
(some findings in US as a reference)
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Emission Trend: China

China GDP Since 1960

In billions, current prces

$6,000
]

$4,000

$2,000 -

‘0 -—

1960 1970 1980

1940 2000 2010
Source: NBSC 2010 Warld Bank 2011

Phenomenal growth in the Chinese
economy since the 1980s.

Largely driven by expansion in
manufacturing, investment, and

urbanization.

Large growth electricity generation and

coal production (~70% of total energy

consumption).

Environmental issues just started to catcl

the attention of the general public.
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of Tropospheric Aerosols:

An International Regional Experiment (EAST-AIRE)




East Asian Study of Tropospheric Aerosols&
Impact on Regional Climate (EAST-AIRC)
Phase Il, 2008-2012, JGR Special Section Il (35)
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East Asian Study of Tropospheric Aerosols&
Impact on Cloud and Precipitation (EAST-AIRcp),
Phase 111, 2013-2017, JGR Special Section 111
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Temperature Trends in China

Temperature trend :
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Separating the effects of greenhouse, urban heat
iIsland and aerosol from temperature records
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Aerosol’ s Radiative Influences on Atmos. Heating & Stability
Direct, Semi-direct & Thermodynmic Effects

Originated from the alteration of
radiation by aerosols, cloud
formation is affected by 3 means:

1) Reduction of evaporation due
to reduced solar radiation,

2) Increase of atmospheric
absorption to make atmosphere
sub-saturated or burn off cloud
droplets,

. 3) Alteis-atmospheric Stabilityto..~
tgsemseglter convective energy :
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CASE 1 : low aerosol CN concentration and high aerosol single scattering albedo
aerosol CN concentration: 4763/cm3, SSA 10um: 0.905, SSA 1um: 0.906
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CASE 2 : high aerosol CN concentration and high aerosol single scattering albedo
aerosol CN concentration: 6525/cm3, SSA 10um: 0.847, SSA 1um: 0.814
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Aerosol Loading and Temperature Inversion

Inversion Frequency (%)
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under Clear Sky from 2001 to 2009
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Aerosol Absorption and Temperature Inversion

Inversions Frequency and Aerosol Single Scattering Albedo
(two hours before sunset ) under Clear Sky from 2001 to 2009
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PBL Depth
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Extended effect of aerosol microphysical
effect: aerosol invigoration
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Another poorly accounted factor in ARF estimate
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As CN increases, high clouds occurred more frequently but

low clouds occurred less frequently
L1 et al. (Nature-Geo, 2011)
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Changes of Cloud Fract

Aerosol Number Concentration
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Fan J. et al., PNAS, 110, 2013

The increased CTH
and CF result from:
(a) larger amount of
detrained cloud
mass in the
polluted clouds;
(b)Much smaller ice
particle size leads
to much slower
dissipation of
stratiform/anvil
clouds resulted
from smaller fall
velocity.



Long-term mean of Aerosol induced
Changes in Cloud Radiative Forcing
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0.45 Wm-
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Does this help explain the systematic

discrepancy between ferward and inversion
- methods in deriving aerosol indirect forcing TR
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Wind Speed Changes

Plain: weakening, Mountain
A

top: strengthening
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Thunderstorm Changes in W. Central China
(BC Aerosol Dominant)

Log (Afternoon/rest of the day thunderstorm days)
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Southeast China: Sulfate Aerosol Dominates
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Aerosol Impact on Cloud Vertical Structure
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Impact of Aerosol on Diurnal
Variation of Storms
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Long-term and Global Evidences of
Aerosol’s Impact on Precipitation
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Daily Averaged Visibility [km]

Precipitation & Visibility
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Clean (or polluted without absorbing aerosols)
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Polluted with absorbing aerosols
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Summary

1. Aerosol can affect a wide range of meteorological
variables in various ways, pending on meteorological
regimes and aerosol properties.

2. Absorbing aerosol suppresses convection, cloud and
thunders, whereas non-absorbing yet hygroscopic aerosol
suppresses thunders

3. More extensive and accurate aerosol and meteorological
observations are needed to verify the seemingly casual
relations.

4. Systematic approach is needed to tackle with the
complex problems.
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