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Take — Home’s

 Isregional 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?

» Aecrosols affect solar radiation at earth’s surface and
thus can influence photosynthesis ...

* One outcome may be a change in C-storage by terrestrial
ecosystems.

« Acrosols affect boundary layer dynamics...

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

* Positive/negative feedback?
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Aside: Aerosols, PM, ., and Light Scattering

Estimated Light Scattering Coefficient (550 nm) Light Scattering Coefficient vs. PM2.5 during
vs. D, During Atlanta SuperSite Study During Atlanta Supersite Study
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Haze in China: Early December, 1998




Haze in China: Early December, 1998
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Summary of Fine Particles Measurements;
Yangtze, November, 1999

Average Observations
[PM,] = 102 ug/m®
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D What are the PM sources?

.— What are the PM effects?




What are the PM sources?
What are the PM effects?

Prototype CHINA-MAP MODELING SYSTEM

ECMWEF or CCM
data as initial and
boundary conditions

A 4

/\ Aerosol/Climate /\
RADM P Meteorological Coupled Model Meteorological . Crop

X w REG-CM @ g Yield Mod

With Aerosol

Scheme

Oxidant
Tracer (OH, H>0»)
distribution
(NOx, SOx, m

03, etc)

5 I N2 0 =0 O -0 YO0 =+a IO R~ I ~—~a I ~~ITITAIIN



Reg-Chem-CM

[Can be run in climate or wetsoralagical mode |

ECMWEF or CCM Data
inifial and boundary
meteorological
conditions
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Observed PM, ; Composition
(Linan) (PM, 5 ~ 100 ug/m®)
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Single scattering albeda (surface, MNov.)
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Need for an additional heterogeneous SO,-to-SO,~
conversion pathway ...
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Radiative forcing exceeds 60 W/m? ...

Surface SW incident diff in 95jul (dird} — watt/m2
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Significant aerosol-induced

temperature decreases Ground?;?gnperatslgqe diff 1]{;15D95ju|1§glr5) —13; 50 o

predicted from ‘direct effect’ in
regions of China where records
indicate downward temperature
trends ...
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Evidence of the ‘Indirect Effect’?
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Is perturbation to physical climate only environmental

consequence of aerosol loadings? toce Sy AU AN LI T e
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PM and PAR 1in China

PAR/cos(u) = 448 — 80t/cos(u)
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Simple ‘Rule of Thumb”
— PAR ~450cos(un) — 80t

For each 0.1 increment 1n T,
PAR reduced by ~ 8 W/m?

In Eastern China
— 1~02-09
— So APAR ~ 15 — 70 W/m?
PAR ~ 250 — 500 W/m?
— So APAR/PAR ~ 5 —30%



Regional Haze and Photosynthesis

» We estimate that acrosols are reducing surface solar irradiance by ~ 5-30%
»Does that have any effect on photosynthesis?
»Crop yields

»C storage in forests
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Brief Primer on Photosynthesis
-- 2-Step Process --
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Carboxylation:
Rubisco or nutrient
limited step

Phosphorylization: Light limited step




Regional Haze and Photosynthesis

Effect of aerosols depends upon whether photosynthetic rates
are 1n light-limited regime.
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Regional Haze and Photosynthesis

Effect of aerosols depends upon whether photosynthetic rates
are 1n light-limited regime.
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Regional Haze and Photosynthesis:
The Simple Picture

»In fact, agricultural ficld data generally show that for each 1% reduction j—ﬁa-
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.

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

Effect of aerosols depends upon whether photosynthetic rates
are 1n light-limited regime.

1D p\ez:olyxodios g

»In ecosystems with nutrient
limitation (e.g., unmanaged

ecosystems) plants can not routinely S | e —
increase carboxylase or rubisco ‘
activity.

oE

£ = 0f

=]
3
T

» Under these conditions, sunlit
leaves are generally in the light

saturated regime, while shaded or-
leaves are not. !

hwoy (@ cp|l.; 2,

Shaded leav

yaiw| | opou wojs'y (hwa| w 3

» Thus, an increase in aerosols could
cause an increase or decrease in o
productivity...

| L I
00k Oog oog 0Ol

I-, £

T *m Iyl .eanpibonl

- bediozds apersv k00 o oolislimizs lo =8 00 mid
FEodies gl boe © 3 - seslyxodies Yo zloval sa1ddi 16 1 soncibel
-brosoe belsse me “nobsnges debh* o zmed lvidgowolds g\sasl
wlmmi



Less radiation, but more efficient use of the radiation
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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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Regional Haze and Photosynthesis

Photosynthesis models with static leaf properties predict both
increases and decreases depending upon conditions...

Norman Model (constant N)
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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
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Fig. 3. Relstionship between sccumuisted dry matter yield and accumulated intercepied shortwawe
radistion during the regrowth period for (s) bluegrass and h]pmmkrfmwninﬁlhm[l.{-]
r? = 0-93, (b) r* = 0-96] and beneath birdguard [M, (a) r* = 0-99, (b) r* = 0-96] and sclarweave
[A, (a) r* = 0-97, () r* = 0-83].



Regional Haze and Photosynthesis

Experimental results often indicate increasing C uptake with increased
diffuse radiation ...but, up to a point
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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.

— EC (6 ug/m*3)
- - - -IM (60 ug/m*3)
EC+IM

5 10 15 20 25 30

Estimation of light transmission at leaf surface with time due
to dry deposition of elemental carbon (EC) and insoluble
mass (IM) based on measurements in the Yangtze Delta
region of China



Conclusions

* Anthropogenic emissions produce large fine
particle loadings over much of eastern China
— PM ~ 100 ug/m?
— ~50% 1s organic C
— In summer and fall mineral aerosol 1s a small
contribution to total scattering
— Significant gradients on spatial scales of ~ 100 km

— Impact on terrestrial biosphere may be signficant
« Agriculture
« Carbon storage



