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Air quality is a global problem
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World Bank: ~$5 trillion
in welfare losses in 2013

Up to 50% of crop yield can be lost to
ozone pollution (e.g. VanDingenen, 2009)

an in-service Airbus aircraft in the framework of the MOZAIC pro-
gramme during the flights. From the measured MOZAIC vertical
ozone profiles, we used the lowest altitude value available for the
locations in Central-West Africa (Lagos, Abidjan, Douala).

The error bars on the measured values represent the standard
deviation on the station monthly means. They do not include the
individual station’s standard deviations on higher temporal scales,
nor the analytical uncertainty.

In general, the model is reproducing reasonably well the
monthly mean ozone concentrations in regions where quality-
controlled ozone monitoring programs are routinely running
(Central Europe, U.S.A., Japan). During the summer months, the
modelled 10 m concentrations fall within 1 standard deviation of
the observations and the seasonal trend is well reproduced. Also for
South-East Asia and Southern India we find a satisfactory model
performance. In Northern India and the two African regions, the
model is significantly overestimating the observed ozone levels.
This is particularly of concern for S.-India seen the expected impact
on crop losses. The reason for the worse model performance in
these regions is not clear a priori. Uncertainties in the emission of
ozone precursors may be an important factor, as well as the
reduced model resolution over Africa. But also the observational

data may not adequately represent the regional-scale ozone
concentrations. In fact, out of the 4 N.-Indian measurement
stations, 3 are located in densely populated urban areas where
ozone levels may be suppressed by local titration, whereas the 4th
is a regional station however using a passive sampler as measure-
ment technique.

Indeed, more recent air pollution measurements in the peri-
urban and rural areas around Varanasi in the Indo-Gangetic plane
(Agrawal et al., 2003) show that summer average ozone concen-
trations may span from 10 to 58 ppbV, depending on the location
relative to the nearby city. In contrast to this, the S.-Indian obser-
vations are obtained in peri-urban locations, and in this case the
agreement with the model is much better.

We also evaluated the model performance in reproducing
monthly accumulated AOT40 and monthly averaged M7 for those
locations where hourly ozone data are available (Europe, US and
Japan). Results are shown in Fig. 7 (M7) and Fig. 8 (AOT40). Note
that for these metrics, obtained during daytime only, the vertical
gradient becomes less pronounced than for the monthly means,
because of the better vertical mixing of the boundary layer. For M7,
the agreement between model and measurements is excellent for
south-west and south-east US, the Mediterranean area, and central
Europe. For the US Great Lakes region, spring time M7 is under-
predicted by 15–20 ppbV but summer months are well reproduced.
For Japan, the summer months are significantly over-predicted by
up to 20 ppbV. Modelled M7 (as is the case for M12 and the
monthly mean) appears not to be very sensitive to the ozone
sample height.

The picture looks similar for AOT40 (Fig. 8), but differences
between model and measurements are amplified as a consequence
of the cumulative nature of the metric in combination with a non-
zero threshold (Tuovinen et al., 2007). In particular for Central
Europe, the difference between model and measured AOT40 is
disturbingly high; other regions are performing better. Table 3

Table 3
Regionally averaged modelled-to-measured ratio of both metrics during the months
May–June–July, at a model height of 30 m and 10 m above the surface respectively.

Region M7, 30 m M7, 10 m AOT40, 30 m AOT40, 10 m

SW US 1.03 1.01 1.02 0.95
SE US 1.23 1.20 1.25 1.12
US Great Lakes 0.87 0.83 0.60 0.44
Mediterranean 1.07 0.99 0.98 0.73
Central Europe 0.97 0.95 0.37 0.25
Japan 1.33 1.21 1.71 1.27

Fig. 9. Average relative yield loss from 2 metrics for the 4 crops, year 2000.
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GEOS-CF model produces near real-time air quality forecasts

christoph.a.keller@nasa.gov

Ozone

Nitrogen Dioxide

Carbon Monoxide

GEOS-FP

GEOS-Chem



Global Modeling and Assimilation Office
gmao.gsfc.nasa.govGMAO

National Aeronautics and Space Administration

Model has low bias compared to OMI NO2 observations
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Also low bias in (surface) carbon monoxide CO
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Toward an air quality modeling system in the NASA GEOS model
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GEOS-5 data 
assimilation system:
à Weather
à Aerosols

GEOS-Chem
composition 

forecast model

Chemical data 
assimilation: 

O3, NO2, CO, …

Air Quality Modeling System
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The GEOS chemical data assimilation system

christoph.a.keller@nasa.gov

OMI

MOPITT

Data Assimilation System (GSI)

GEOS-5

Ø Based upon GEOS-ADAS (GSI)

Ø Joint assimilation of NO2, CO, O3

Ø Weakly coupled (no covariances)

Ø 6-hour assimilation window
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Assimilate independent NOx scale factors for three layers
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boundary layer free troposphere

stratosphere

NOx scale factor
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NO2 assimilation reduces model-observation mismatch
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Ø Are we now overestimating NO2 over polluted regions?
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Impacts of ozone assimilation are primarily seen in stratosphere
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Boulder, 2013-07-25
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CO: improved comparison against surface observations
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Assimilation of NO2 and CO exacerbates tropospheric ozone bias
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Local hour Local hour

Analysis

Ø Improved diurnal cycle, but (background) ozone increases
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Data assimilation system for tropospheric constituents
• Impacts of joint assimilation of O3, NO2 and CO:

• Weak observational constraint in current configuration
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http://tempo.si.edu

www.esa.int

✓ Reduction of CO bias 
✓ Better spatiotemporal representation of NO2

✗ Further increase of tropospheric ozone


