Improving Air Quality (and weather)
Predictions via Closer Integration of
Observations and Models
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v'Trend toward closer
linkages of weather,
atmospheric composition,
and climate related services
v'Information needed at
higher resolution (and longer
lead times) to address
societal needs

v'Further improvements
require advances in
observing systems, models
and assimilation systems



Atmospheric Composition Matters: To Air
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Current Air Quality Models have appreciable
prediction skKill
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Major sources of
uncertainty in AQ Model et Dep ofiN
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KORLSS-AQ

PM Is most important in AQ —
AOD assimilation is the

Current fOCUS. Testing the Impact of GOCI

AOD Assimilation UIOWA/UCLA WRF-Chem forecasting
system
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-salt & NOy

Air Pollutants also Impact Weather & Climate --
Aerosol composition matters

Back Scattering (Cooling)

Absorption
(Atmospheric Warming)

Absorption
(Column
‘Warming)

Change cloud
properties

Forward
Scattering

Dimming of Surface
Surface Cooling

MISS
2%

» Aerosols mask about 50%
of the forcing of GHGs.

»BC acts like CO2 with
about 50% of forcing as
CO2, but with a much

shorter atmospheric lifetime.

» Aerosols impact
atmospheric stability, PBL
height — absorption plays a
critical role

Traps sunlight and heats the air

Reflects sunlight like mirrors and cool

a) BC emissions (Tons/yr)

b) BC Atmos Heating (W/m?2)

c) Dimming due to ABCs (W/m?) M|

Leading to less photosynthetic
energy at the surface, changes in
clouds, winds and surface
temperatures

V. Ramanathan, and G. Carmichael, Nature Geos. 2008
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Overarching Objective - Improve Prediction Capabilities via
Incorporating/Integrating Composition, Weather and
Climate

Earth Systems Modeling Approach

DRIVERS INPUTS PROCESSES OUTPUTS SOCIETAL BENEFITS
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( Composition and Weather Forecasting
MM (CAMS at ECMWF)
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Results summarized in Benedetti and Vitart, MWR,

Rank probability skill score

Prognostic
aerosols

T T
day 5-11 day12-18 day19-25 day26-32

Weekly periods
[JProg1 [ Prog2 [ Persistence

Scorecard Weekly means - RPSS
PROG1 - CONTROL1

N. Hemisphere

w1l w2 w3 w4 wi
™ . . .
. -« @ e .
. -
- - -
e @ ® °
. e .
L
® @ .
o @ -
e 0O
- L ] . -
- [ ] .
] . -
. e ® .
° - @
(] L [ ] -
. -
B
e - ™
[ J L]

Scorecard Weekly means - RPSS
PROG2 - CONTROL1

N. Hemisphere Tropics
wl w2 w3 wa wil w2 w3 w4
. Y - ® . [ ]
. ® .
- o 09
-0 @
[ ] . o . . -
. .
e @ e o @
L - L]
< e e - - .
e @ - - ® -
- @ . - . s @
. . @ o .
o o 9O B
e @ o o e o @
e ©® @ o
. . e o . .
- o @ @ .
- @ @ e
e @ - o .
o ® » e .

@ Pos.sign. @ Pos.

¢ Neg. not sign.




Models Constrained With Observations Play Increasing
Important Roles In Research and Applications

;@ v'Need for More
aerosol and
atmospheric
composition data for
use in assimilation

v'"New observations
/5, streams are in the
I pipe-line ...

<ot v'Need to improve our

Little experience with coupled models! forward models
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Putting the pieces together
Emission inversion and
feedbacks (UCLA/IOWA)

v" WRF with aerosol-aware microphysics (AAM): 96 hrs

m Based on Thompson and Eidhammer (JAS, 2014) and :

Saide et al. (JGR, 2016), 12km resolution HSRLZ data from ER'Z alrcraft (Sept 22nd)
m  Smoke emissions constrained in near-real time using

Saide et al. (GRL 2015) over 6 regions for 8 hour intervals I
m  Simulations turning on and off fires to assess aerosol- ;;f

cloud-radiation interactions '?jf

m  Source identification

m  Full chemistry (gases and aerosol composition)
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There is also the issue of improving predictions
of aerosol composition

Model evaluation: Olympic park
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Park et al.,
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Source Attribution (sector/region/anthropogenic) is
Becoming an Important Component of Air Quality
Predictions

Arctic surface concentration (ug m?)

Arctic BC sectors
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Improving Air Quality Predictive Capabilities
Exciting Times Ahead!!

Improving predictive skill

Resolution

v'Trend toward closer linkages of weather,
atmospheric composition, and climate related
services

v'Information needed at higher resolution (and
longer lead times) to address societal needs

v'Further improvements require advances in
observing systems, models and assimilation
systems

v Need to continue to develop Earth System
approach

v Atmospheric composition observing system is
expanding in important ways (e.g., GEMS,
TEMPO)

v ACCP offers a great opportunity to advance
our capabilities to understand and model
aerosol processes and their interactions with
weather and climate
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Application #5. Severe Storm (tornado)
Pred | Ctl on Saide et al., 2014 in review
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Assimilation results: + & - biases

reduced
WRF-Chem WRF-Chem

*Assimilate
MODIS Terra N

e Aerosol mass
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changed
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Coupled Size-Resolved Model Configuration
to Study New Particle Formations

No nucled, no ¢loud
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Impacts of New Particle Formation on Short-term Meteorology and Air Qual
Determined by the NPF-explicit WRF-Chem in the Midwestern United State:

Can Dong’, Hitoshi l\latsuiz, Scott Spak’, Alicia Kalafut—Pettibone‘, Charles Stanier'”

8% Decrease in surface PM2.5 and
13% decrease in PM2.5 sulfate




How observations are used for atmospheric composition applications?
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Scarcity of data --
common need to enhance observing
system

Good News: The global observing systems
for atmospheric composition are growing

Satellites
(LEQ & GEQ)
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An overarching goal of research is to enable
Predictive Capability (54S; R20)

Predictive Capability

CHEMISTRY RESEARC’

Remembering Yesterday, Understanding Today,
Anticipating Tomorrow
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FIREX-AQ: Fire Influence on
Regional to Global Environments
Experiment - Air Quality

+07/20

-1 07/25

- 07/30

Objective:

Provide comprehensive
observations to investigate
the impact on air quality
and climate from wildfires
and agricultural fires across
the continental United
States.

- 08/04

- 08/09

+108/14

- 08/19

- 08/24
More info:
https://esrl.noaa.gov/csd/pr
ojects/firex-aq/

08/29
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https://esrl.noaa.gov/csd/projects/firex-aq/

Cross-section at 48°N

500 mb

Impacts of plume rise process
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Collocated Water

NASA - Aerosol, Clouds, Convection Vapor, Cloud and

Precipitation

and Precipitation (A-CPP) Study yQbseryations [

in Severe
Storms

High
Cloud
Climate

Absorpion, direct

Cloud & Precipitation
Development &
Evolution

Transporting
Cloud And
Precipitation
Water To Upper

and indirect

L ACCP provides transformative
\space-based and syborbital

etrServations of essential
~_cloud, precipitation and
““aerosol pfeeesses, leading to
improved predictions of
ey eather, air qualit

Determining
Low Cloud ~ E ' Extreme

Climate ) - Precipitation
Feedback ' -




