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Atmospheric chemistry models are key to

understand air pollution & climate change

WHOQO: air pollution is largest
environmental health risk
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AAP: Ambient air pollution; Amr: America, Afr: Africa; Emr: Eastern Mediterranean, Sear: South-East Asia, Wpr:

WHO, 2014

Western Pacific; LMI: Low- and middle-income; HI: High-income.




Atmospheric chemistry models are key to

understand air pollution & climate change

Potential economic loss due to increase in
surface ozone concentration (crop loss)
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The GEOS-Chem chemical

transport model
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Model capabilities:

* Atmospheric chemistry, aerosol microphysics, CO,, methane, mercury, various tracers
* 1980-present GEOS meteorological data, past and future climates (GCMs)

* Horizontal resolution: 0.25°%0.3125° (native), 1/2°x2/3°, 2°x2.5°, 4°x5°, other grids

* Flexible implementation of new emission inventories (HEMCO)
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GEOS-Chem as an Earth System
Model module
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GEOS-5 12km nature run
with GEOS-Chem

Surface Nitric Acid
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Chemical data assimilation of

tropospheric constituents in GEOS-5

GEOS-5 Earth System Model




GEOS-Chem improves tropospheric

ozone assimilation
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 PCHEM: parameterized chemistry scheme (operational)




Low bias in OCO-2 retrieval (?)




Chemical data assimilation Is a
ondition

boundar

problem
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Species error correlations

differ from concentration correlations

* Error correlations reflect
uncertainties in dynamics

e ‘Chemical’ error correlation
Is difficult to quantify based
on traditional ensembles

Ozone-CO Concentration Correlation

50°N
40° N R
30°N o R v &=
> Y.
b0 | E——— G- : 8 N' g
120°W 100°W 80°W 60°W
Ozone-CO Error Correlation
o S
y : a1
/o] Ny 8 S . ey B € - e
1 A |
CTONE U o SRERRARE e - %
= /] -
5 08
20° N 0 G TS T
120°W 100°W 80°W 60°W
| M |

08 -06 -04 02 00 02 04 06 0.8

Correlation Coefficient (R)

Zoogman et al., 2014




Coupling to ocean & land iIs crucial

for boundary conditions

Sea salt aerosols Biogenic compounds

a. MODEL-STD: 5200 Tg/yr b. MODEL-SST: 4600 Tg/yr c. SS emissions (ocean)
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Atmospheric chemistry is sensitive

to model resolution

Isoprene emissions
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» (Weakly) coupled GEOS-5 chemical data
assimilation system under development

» Special emphasis on boundary conditions
(emissions) needed

 Applications: OSSE (nature run), reanalysis

@ christoph.a.keller@nasa.gov




GEOS-Chem'‘s boundary conditions are

someone else‘s research career

N/

GEDSS 47L O, for Jul 2005 L=1 (0.3 km)




Thank you



GEOS-Chem within GEOS-5 successfully

reproduces ozone

Column Ozone (July 31, 2013)
GEOS-5 GEOS-Chem




GEOS-Chem improves tropospheric

pressure [hPa]

ozone assimilation
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Coupled GEOS-Chem/GEOS-5 Performance
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