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Take – Home’s

• Is regional air quality affecting climate?
• Of course: regional haze …

• Aerosol impact on climate is one outcome of regional air
pollution.

• Could air quality interactions with climate affect
projections of climate change?
• Aerosols affect solar radiation at earth’s surface and

thus can influence photosynthesis …
• One outcome may be a change in C-storage by terrestrial

ecosystems.
• Aerosols affect boundary layer dynamics…

• Change in relative humidity can in turn affect aerosol
radiative properties.

• Positive/negative feedback?
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Estimated Light Scattering Coefficient (550 nm)
vs. Dp During Atlanta SuperSite Study

Light Scattering Coefficient vs. PM2.5 during
During Atlanta Supersite Study

• Aerosols having diameters > 2.5 µm
do not contribute to light scattering

• PM2.5 mass is responsible for light
scattering

Aside: Aerosols, PM2.5, and Light Scattering
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Haze in China: Early December, 1998



Haze in China: Early December, 1998



1999/2000 12-Month Yangtze Delta
Field Experiment
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Summary of Fine Particles Measurements;
Yangtze, November, 1999

Average Observations
[PM2.5] = 102 ug/m3

[AOD] = 0.6
[w] = 0.9

OC
49.2%

Others
0.8%

  Na
  3.3%

NH4
9.5%

NO3
8.5%

SO4
23.5%

EC
5.3%



What are the PM sources?

What are the PM effects?



Prototype CHINA-MAP MODELING SYSTEM 
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What are the PM sources?

What are the PM effects?





Obs:
~ 0.6



Observed PM2.5 Composition
(Linan) (PM2.5 ~ 100 ug/m3)

OC
49.2%

Sodium
3.3%

Ammonium
9.5%

Nitrate
8.5%

Sulfate
23.5%

Others
0.8%

EC
5.3%

Model-calculated PM Composition
(Linan) (PM ~ 75 ug/m3)

OC
31%

EC
7%

Ammonium
10%

Nitrate
18%

Sulfate
34%



Obs:

~100
ug/m3



Obs:
~ 0.9



Obs:
~ 1 ppbv/ppbv

Need for an additional heterogeneous SO2-to-SO4
=

conversion pathway …



Radiative forcing exceeds 60 W/m2 …



Significant aerosol-induced
temperature decreases
predicted from ‘direct effect’ in
regions of China where records
indicate downward temperature
trends …



Evidence of the ‘Indirect Effect’?

ISCCP COD vs. Model AOD

Model COD vs. Model AOD
   with and without indirect effect



Is perturbation to physical climate only environmental
consequence of aerosol loadings?
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PM and PAR in China

• Simple ‘Rule of Thumb”
– PAR ~ 450cos(µ) – 80τ

• For each 0.1 increment in τ,
PAR reduced by ~ 8 W/m2

• In Eastern China
–  τ ~ 0.2 - 0.9
– So ΔPAR ~ 15 – 70 W/m2

• PAR ~ 250 – 500 W/m2

– So ΔPAR/PAR ~ 5 – 30%
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Regional Haze and Photosynthesis

% Reduction in Surface Solar Radiance

We estimate that aerosols are reducing surface solar irradiance by ~ 5-30%

Does that have any effect on photosynthesis?

Crop yields

C storage in forests



Brief Primer on Photosynthesis
-- 2-Step Process --

Phosphorylization:  Light limited step

Carboxylation:
Rubisco or nutrient

limited step



Regional Haze and Photosynthesis

Effect of aerosols depends upon whether photosynthetic rates
are in light-limited regime.



Regional Haze and Photosynthesis

Effect of aerosols depends upon whether photosynthetic rates
are in light-limited regime.

If there are adequate nutrients (e.g.,
N), plant will simply increase
carboxylase or rubisco activity as
light intensity increases to optimize
productivity.

 Under these conditions, increase
in aerosols should decrease
productivity…



Model-Calculated Yields (Nanjing)
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Regional Haze and Photosynthesis:
The Simple Picture

In fact, agricultural field data generally show that for each 1% reduction
in irradiance, there is ~ 1% reduction in crop yields

Crop response models for rice and wheat tuned to conditions appropriate
for agricultural fields in China indicate a similar effect.

Implication: Mitigation of aerosols and regional haze in China could produce a 5-30%
increase in optimal crop yields in China.



Regional Haze and Photosynthesis:
The More Complex Picture

Effect of aerosols depends upon whether photosynthetic rates
are in light-limited regime.

In ecosystems with nutrient
limitation (e.g., unmanaged
ecosystems) plants can not routinely
increase carboxylase or rubisco
activity.

 Under these conditions, sunlit
leaves are generally in the light
saturated regime, while shaded
leaves are not.

Thus, an increase in aerosols could
cause an increase or decrease in
productivity…

Sunlit leaves

Shaded leaves



Regional Haze and Photosynthesis
It is possible that aerosols and regional haze cause an increase in
photosynthesis (and C storage) under some conditions.
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Less radiation, but more efficient use of the radiation



Regional Haze and Photosynthesis

Norman Model (constant N)
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Photosynthesis models with static leaf properties predict both
increases and decreases depending upon conditions…



Regional Haze and Photosynthesis

Experimental results often indicate increasing C uptake with increased
diffuse radiation …

Subtropical field
experiment for
grasses using
‘solarweave’ as a
surrogate for
clouds/aerosols



Regional Haze and Photosynthesis
Experimental results often indicate increasing C uptake with increased
diffuse radiation …but, up to a point



Regional Haze and Photosynthesis
Also important to bear in mind that increases in C uptake do not
necessarily translate into increased grain yield --- it depends on C
allocation …

Experiment on Sunflowers Using Solarweave
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Another Complication: Insoluble particles

SEM image of particles deposited
to an SEM grid mounted on leaf in
Yangtze Delta region of China
over 2-week period.
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Conclusions

• Anthropogenic emissions produce large fine
particle loadings over much of eastern China
– PM ~ 100 ug/m3

– ~ 50% is organic C
– In summer and fall mineral aerosol is a small

contribution to total scattering
– Significant gradients on spatial scales of ~ 100 km
– Impact on terrestrial biosphere may be signficant

• Agriculture
• Carbon storage


