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01 Introduction

(Kim, 2015 GEMS Science meeting)
• Geostationary Environmental Monitoring Spectrometer (GEMS) 

• onboard Geostationary Korea Multi-Purpose Satellite-2B (Geo-KOMSAT-2B) 
• UV-Visible imaging spectrometer 
• 1000 channels / 300-500 nm wavelength range 
• 1hour temporal resolution

• Mission Objectives of GEMS
• To provide measurements of atmospheric chemistry precursors of aerosols 

and ozone over Asia
• To monitor transboundary pollution, Asian dust, and air quality 
• To quantify radiative forcing of aerosol and ozone
• To improve our understanding on interactions between atmospheric 

chemistry and meteorology and the globalization of tropospheric pollution
• To improve air quality forecast by constraining emission rates and 

assimilating chemical observation data
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(Computer simulation of wind-blown pollutants 
over East Asia. Credits: NASA)

• Atmospheric gases have complex interactions that are impacted by 
natural and human source such as traffic, power generation, industry and 
agriculture. 

• Need to develop a air quality prediction of transboundary air-pollution at 
regional scales.

• Modeling interaction of trace gases with weather requires employing coupled 
meteorology-chemistry models. 

• Data assimilation (DA) with coupled meteorology-chemistry models
• Assimilate both meteorological and chemical data.
• Be hard due to interactions among meteorological and chemical variables. 

(Bocquet et al., 2015). 
• High nonlinearity and flow-dependent forecast errors.

Meteorological
processes

Chemical
transformations
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• Objective: Application of meteorology-chemistry coupled data assimilation using GEMS synthetic 
radiance observations

• Assimilate direct radiance  typically used in NWP
• Assess the potential value of satellites observation, before their launch.

• In this study, we assimilate synthetic radiance observations using Maximum Likelihood Ensemble 
Filter (MLEF) with Weather Research and Forecasting model with chemistry (WRF-Chem). 

• In order to produce synthetic GEMS radiances, we use a radiative transfer model (RTM) and a high-
resolution WRF-Chem forecast that begins at different time from the assimilation experiments.
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Maximum Likelihood Ensemble Filter 
(MLEF; Zupanski, 2005; Zupanski et al., 2008)

• Hybrid ensemble-variational DA
• Advantage to flow-dependent error 

covariance and nonlinear capability
• MLEF already has a capability to 

assimilate operational meteorological 
observations (GSI forward operator).
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Cross-correlation between chemical and meteorological variable
• Main mechanism for improved analysis are cross-variable correlations of ensemble error covariance

- benefit of meteorological observations on chemistry
- benefit of chemistry observations on meteorology
- both are needed for improved forecast
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Advanced analysis update 
in a coupled meteorology-chemistry system
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Experimental design

Nature run
WRF-Chem
Experiment for synthetic observations
Higher resolution: 7.5 km / 51 layers

ℎ _

ℎ = GEMS radiative transfer model
= observation error (Gaussian)

312.2, 318.6, 331.2, 380,0 440.0 nm

DA
WRF-Chem-MLEF
Experiment for assimilation
32 ensembles, 6-hour assimilation window
Lower resolution: 30 km /51 layers
Control variables: 
- O3, NO2, SO2, HCHO 
- meteorological variables (geopotential, dry air 
mass, temperature, winds, and water vapor mixing 
ratio)
Observations:
GEMS synthetic radiances (Nature run)
NOAA atmospheric observations
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Degrees of Freedom for Signal (DFS)
• Entropy reduction due to observations (Rodgers, 2000)

- How many degrees of freedom are taken from the 
system by assimilation.
- Larger DFS  stronger impact 
- Uncertainty is significantly reduced over the domain, 
especially over the Korea, the Liaodong peninsula, the 
Heilongjiang, and the eastern Mongolia.

Figure. Degrees of freedom for signal (DFS) valid at 06:00 UTC, 10 May 2010. The 
units are non-dimensional.
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Chemistry analysis increments (xa-xb)

Figure. Analysis increment of chemical variables valid on 06:00 UTC, 10 May 2011 at 850 hPa for O3, NO2, and SO2. Units are ppmv.

O3 at 850 hPa (ppmv) NO2 at 850 hPa (ppmv) SO2 at 850 hPa (ppmv)

• GEMS synthetic observations and meteorological observations have an important impact over 
eastern China, and Korea. 

• O3 shows the biggest analysis increments compared to other chemical variables.
• Chemistry analysis increments show flow pattern. 
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Meteorological analysis increments (xa-xb)

Figure. Analysis increment of meteorological variables valid on 06:00 UTC, 10 May 2011 at 850 hPa for wind, temperature, and vapor.

Wind at 850 hPa (m/s) Temperature at 850 hPa (K) Water vapor at 850 hPa (g/kg)

 Meteorological variables show adjustments over the Nature run domain.
 Temperature and wind are correlated where they show strong change.
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Analysis increments (xa-xb)

Wind at 850 hPa (m/s)

 Evidence of cross-correlation
 Wind and ozone show cross-correlation in several region.

O3 at 850 hPa (ppmv)
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• Radiance data assimilation system coupled with WRF-Chem is developed and assessed for the 
potential impact of GEMS radiance assimilation to improve air quality prediction. 

• The results show
– Chemical and meteorological initial conditions are successfully updated by MLEF. 
– GEMS synthetic radiances and meteorological observations decrease the uncertainty of the WRF-Chem

forecast. 
– Analysis increments suggest assimilation of radiance observations impact on both chemical and 

meteorological variables. 
• We have concluded assimilation of GEMS radiances and meteorological observations can 

improve the air quality forecast.
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