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1 Introduction  

With the rapid development of the Chinese economy since 2000, sulfur dioxide, SO2, emissions from China have 

been of increasing global concern. There have been indications that the emission growth rate slowed around 2005 

and that emissions began to decrease after 2006, mainly due to the wide application of flue-gas desulfurization 

devices in power plants. However due to the differences in growth rate among the many Chinese Provinces, it 

remains to be seen whether this decreasing trend can be verified for the entire domain. In this study we use space-

based observations of SO2 columns from the Ozone Monitoring Instrument on board the Aura satellite, OMI/Aura, 

to derive monthly top-down SO2 emissions over China via inverse modeling with the CHIMERE chemical transport 

model. The driving SO2 emissions have been provided by the Multi-resolution Emission Inventory for China (MEIC) 

model. In MEIC, the SO2 sources are further partitioned among industry, power and residential provenances. This 

study aims at providing updated SO2 emissions, based on satellite observations, which may later be used to update 

existing chemical transport model results.  

During the past decade or so, with the rapid improvement of satellite instrumentation as well as novel algorithmic 

development, the monitoring of atmospheric pollutant emissions on a global scale has shifted turned towards the 

satellite community. Especially China, with its rapid economic growth, became a focal point of many studies, 

especially for the NOx family of gases [e.g. Zhang et al., 2007; Gu et al., 2014]. In this framework the estimation of 

sulphur dioxide, SO2, emissions over China, as provided by satellite observations is attempted. The methodology 

followed, discussed in Section 3, requires an existing, apriori, emission inventory [presented in Section 2.1], 

chemistry-transport modelling of said emissions in order to extract an SO2 modelled field [Section 2.2] and the 

satellite SO2 observations [Section 2.3.] The calculated top-down emission field is presented and discussed in 

Section 3.1 whereas the final, aposteriori, updated emission inventory is shown in Section 3.2.  

2 Data and Methodology 

2.1 The MEIC emission inventory 

The Multi-resolution Emission Inventory for China, MEIC, compiled by Tsinghua University, Beijing, China, is a 

production-based inventory, updated from the widely used INTEX-B data set (Zhang et al., 2009). The inventory 

covers 31 provinces or autonomous regions, 10 pollutants, such as SO2, NOx, CO, PM 2.5, PM10, ammonia, organic 



  

MarcoPolo 

  

REF : D1.1 
ISSUE : 1.0 
DATE : 07 October 2016 
PAGE : 5 of 19 

  

carbon, etc., and 700 emission source categories. In this study, the 2010 SO2 emission inventory has been extracted 

from the http://www.meicmodel.org repository on a monthly basis and a 0.25°x0.25° grid. The SO2 emissions, in 

Mg/month, are provided for four sectors: power, industry, residential, and transportation. The domain studied 

here spans from 102°E to 132°E and from 15°N to 55°N.  In Fig. 1, the emission separated in the four sectors are 

given for the month of August 2013, with industry and power [first row] producing the highest yields, followed by 

residential consumption [bottom left] and transportation [bottom right.] 

 

Fig. 1. The MEIC emission inventory for August 2010 in Mg per month for four sectors: upper left, industry; upper 

right, power; lower left, residential and lower right, transportation. Please note the different colour scales. 

2.2 The OMI/Aura SO2 observations  

Daily OMI/Aura planetary boundary layer SO2 observations for year 2013 and the same domain discussed above 

have been provided by the Belgian Institute of Aeronomie, BIRA, algorithm [Theys et al., 2015]. OMI is a nadir, UV-

Vis-viewing instrument, on board the Aura satellite with a local solar overpass time of 13:30L.T. and a 13 km x 25 

http://www.meicmodel.org/
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km pixel size [Levelt, et al., 2006]. The retrieval of SO2 vertical column densities, VCDs, using the BIRA algorithm is 

achieved by applying the Differential Optical Absorption Spectroscopy technique to the measured spectra in the 

312–326 nm wavelength range. 

The observations were filtered for high solar zenith angles over 70°, high cloud fractions over 20% and, using robust 

algorithm flagging, were averaged onto a 0.25°x0.25° monthly grid using a 0.75° smoothing average box. In Fig. 2, 

left, an example of the month of August 2013 is shown where the SO2 load in Dobson Units, D.U., is given. 

  

Fig. 2. Left. The OMI/Aura area weighted gridded mean SO2 observations for August 2013 in D.U. Right: The 

CHIMERE model SO2 output for August 2013 in D.U. based on the MEIC emissions shown in Fig. 1.  

 

2.3 The CHIMERE model SO2 output  

CHIMERE is an Eulerian off-line chemistry-transport model, CTM (Menut et al., 2013). External forcings are required 

to run a simulation: meteorological fields, primary pollutant emissions and chemical boundary conditions. Using 

these input data, CHIMERE calculates and provides the atmospheric concentrations of tens of gas-phase and 

aerosol species over local to continental domains (from 1 km to 1 degree resolution). In this work, the CHIMERE 

model version v2013b was applied to the domain 102°E - 132°E and 15°N - 55°N for year 2013 for a 0.25°x0.25° 
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resolution. The anthropogenic emission inventory used in this CHIMERE run is the MEIC inventory discussed in 

Section 2.1, whereas the biogenic emission results from the Model of Emissions of Gases and Aerosols from Nature, 

MEGANv2.1, dataset (Guenther et al., 2012.) The meteorological input has been extracted from the European 

Centre for Medium-Range Weather Forecasts, ECMWF, operational data. The output SO2 profile is given in 8 

vertical levels, from surface up to 500hPa, which were integrated using the standard atmospheric equations to 

produce SO2 columns in D.U. The month of August 2013 is shown as example in Fig. 2, right.  

 

Fig. 3. The top-down emission method applied to the month of August 2013. Upper left, the OMI SO2 load in D.U.; 

upper right, the CHIMERE SO2 model output in D.U.; lower left, the MEIC apriori SO2 emissions and lower right in 

Mg/Month, the top-down SO2 emission inventory in Mg/Month. 
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3 Results 

3.1 Calculating the top-down emission inventory 

𝑬𝒕 = 𝜠𝒂 ∗
𝜴𝒕

𝜴𝒂
    Equation 1 

Following the mass balance method (Leue et al., 2001) as described by Martin et al. (2003 and 2006), the top-down 

SO2 emission inventory, Et, may be calculated as a function of the apriori emission inventory, Ea, a CTM SO2 field, 

Ωa, based on the same apriori emissions and the satellite SO2 observations, Ωt, as shown in Eq. 1. In our case, Ea is 

provided by the MEIC emission inventory [Section 2.1], Ωa by the CHIMERE model output [Section 2.3] and Ωt by 

the OMI/Aura BIRA data [Section 2.2]. The associated top-down SO2 emission inventory error, εt, is calculated 

according to Eq. 2, where, εa, denotes the error in the apriori emission field, Ea, assumed here to be 50% of the 

original emissions and εΩt denotes the error in the OMI SO2 observations calculated as discussed in Theys et al., 

2015.  

 

𝜺𝒕
𝟐 = (

𝜴𝒕

𝜴𝒂
∗ 𝜺𝒂)𝟐 + (

𝜠𝒂

𝜴𝒂
∗ 𝜺𝜴𝒕)𝟐    Equation 2 

The top-down emission inventory is given in the bottom left panel of Fig. 3 in Mg/month [bottom right] for the 

month of August 2010. The OMI SO2 observations are shown in the upper left, where any white areas within the 

domain studied denote areas of no satellite observations for that month. In the upper right, the CHIMERE SO2 

model output is presented, where areas in purple denote near-zero SO2 concentration.  In the bottom left, the 

MEIC apriori SO2 emissions are shown for all four sectors totaled. As expected, the top-down emissions follow 

closely the patterns of the apriori emissions albeit with higher absolute levels and also high emissions in regions 

where the satellite observations note a strong SO2 source and the CHIMERE model was not able to capture that 

load.  
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3.2 Calculating the aposteriori emission inventory 

 

The calculated top-down emission inventory, Et, may be combined with the apriori emission inventory, Ea, to 

provide an aposteriori emission inventory, Ep, following the maximum likelihood theory and a log-normal 

distribution of errors. In Equation 3 the calculation of the aposteriori emission inventory is given, and its associated 

errors in. Equation 4. Hence, in this methodology, the original bottom-up emission inventory is integrated with 

the top-down satellite observations, weighted by their respective errors, and using modeling outputs as 

background field, in order to constraint, update and provide new emissions estimates. It also follows that since 

the apriori emission field is weighted by the top-down emission field error, and vice versa, the aposteriori will 

depend mostly on the apriori should the errors of the top-down be too large, and vice versa. In that way, it is 

assured that at locations where the satellite observations are too sparse or the information content in the SO2 

load too low, the aposteriori emission field will revert back to the apriori.  

 

𝐥𝐧 𝐄𝐩 =
𝐥𝐧 𝐄𝐚 (𝐥𝐧 𝛆𝐭)𝟐 + 𝐥𝐧 𝐄𝐭 (𝐥𝐧 𝛆𝛂)𝟐

(𝐥𝐧 𝛆𝐭)𝟐 + (𝐥𝐧 𝛆𝐚)𝟐
 

                              Equation 3 

  

 

(𝐥𝐧 𝛆𝐩)−𝟐 =  (𝐥𝐧 𝛆𝐭)−𝟐 + (𝐥𝐧 𝛆𝐚)−𝟐                               Equation 4 

An example of the aposteriori emissions calculated with the methodology and input parameters discussed above 

is shown in Fig.  4. For the month of August 2010, the original, bottom-up, MEIC emission field is shown in the top 

left, whereas the aposteriori emissions in the top right. Theie percentage differences and their absolute 

differences are shown in the bottom row, left and right, respectively. 
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Fig.  4. The original, bottom-up, MEIC emissions [upper left] compared to the aposteriori emissions calculated in this work 

[upper right] are shown for August 2010 in Mg/month. The percentage differences and the absolute differences are shown in 

the bottom row, left and right, respectively.  

4 Conclusions 

In this work, the first step towards creating a satellite-based emission inventory for the SO2 load over China has 

been presented using the month of August 2010 as example and input from the CHIMERE CTM, the MEIC emission 

inventory and the OMI/Aura observations. The technique applied has already been verified in previous works, 
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mainly for NOx, and is furthered into calculating an aposteriori emission inventory which may then be used as input 

to a CTM run in lieu of the apriori emission field.  

Description of emission inventory provided to MarcoPolo 

The aposteriori SO2 emissions for year 2014, in the domain from 102°E to 132°E and from 15°N to 55°N, in a 

0.25°x0.25° spatial resolution and monthly temporal resolution, have been provided to the MarcoPolo project and 

can be found at http://www.marcopolo-panda.eu/wp/data/inventory/MarcoPoloInventory_v0.1.zip.  

The netcdf data files contain the following structure: 

 Dimensions  
o lat = 129  
o lon = 121  

 Attributes  
o author = "MariLiza Koukouli"  
o contact information = "mariliza@auth.gr"  
o institution = "Laboratory of Atmospheric Physics, Aristotle University of Thessaloniki"  
o time frame = "2014"  
o sector classification = "total emissions"  
o emis_cat_name = "sulphur dioxide emissions"  
o source_type_name = "sulphur dioxide emissions"  
o pollutant_description = "updated sulphur dioxide emissions based on the CHIMERE model running 

the MEIC emissions and the OMI/Aura observations"  
o unit_emissions = "Mg/month"  
o nodata_value = "-9999.0"  

 Variables  
o float emissions(lon, lat)  

In Appendix I and Appendix II the emission inventory is presented for the full twelve months of 2014.  

 

  

http://www.marcopolo-panda.eu/wp/data/inventory/MarcoPoloInventory_v0.1.zip
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Appendices.  

Appendix I. The monthly emission fields as calculated in this work over China for year 2014. From left to right and top to 

bottom, the twelve months of the year are shown. In each panel: top left, the OMI/Aura SO2 load in D.U.; top right, the 

CHIMERE SO2 load in D.U.; bottom left, the aposteriori emissions in Mg/month and in the bottom right, the difference to the 

apriori MEIC emissions in %.  
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Appendix II. The monthly emission fields as calculated in this work over China for year 2014. From left to right and top to 

bottom, the twelve months of the year are shown. In each panel: top left, the MEIC apriori emissions in Mg/month; top right, 

the aposteriori emissions in Mg/month; bottom left, the difference between emission inventories in Mg/month and in the 

bottom right, the difference in %.  
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