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Minimize J to obtain a-posteriori emissions x 

Method 
Continuous halocarbon observations are carried 
out at the sites Shangdianzi (SDZ), China, and 
Gosan (GSN), Korea, as part of the AGAGE 
network. Combined with atmospheric transport 
simulations providing emission sensitivities and a 
Bayesian inversion technique we derive regional 
halocarbon emission estimates for China. In 
contrast to previous regional scale studies for 
Eastern Asia, we have improved our transport 
simulations by using more highly resolved 
meteorological input data. In addition, the 
resolution of the inversion grid close to the 
observatories was increased to better account for 
the influence of nearby sources. To assess the 
uncertainty related to the transport model a 
“mini-ensemble” of two transport simulations was 
run using either ECMWF IFS or NCEP GFS analysis 
to drive FLEXPART (V9.01, Stohl et al., 2005).  
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Introduction 
Depending on their chlorine and bromine content 
and their global warming potentials halocarbon 
emissions are either regulated under the Montreal or 
Kyoto protocol. China, categorized as an Article 5 
country under the Montreal protocol, was required to 
phase out the use of long-lived chlorine-containing 
chlorofluorocarbons (CFCs) and halons by 2010, while 
total consumption of hydrochlorofluorocarbons 
(HCFCs) will be frozen in 2013 and phased out by 
2030. Top-down emission estimates using continuous 
halocarbon observations and atmospheric modelling 
offer the opportunity to verify the phase-out process. 

Time series yo of selected halocarbons observed at (red) 
SDZ and (blue) GSN. 
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A-priori emission distribution xa of HCFC-22 as derived from country 
totals (Wan, et al. 2009) broken down by population distribution.  

Example of emission sensitivity M for site SDZ as obtained 
by FLEXPART backward simulation. 

Model/Observation covariance  
One critical parameter in the inversion setup is the model/observation covariance 𝜎𝑜. 
We tested three different methods to derive the covariance matrix.  
Iterative: Following the publication by Stohl et al. (2009) the model/observation 

uncertainty was estimated iteratively from the average RMS error of the previous 
emission field (starting with the a-priori simulation). Off-diagonal elements in the 
covariance matrix were neglected. 

Constant:  Similar to Thompson et al. (2011) a constant model uncertainty was 
estimated from the average three-day running standard deviation of the 
observations. Off-diagonal elements follow exponential decay with distance in time 
and a length scale of 0.5 days. 

Ensemble: The model uncertainty was estimated from the “mini-ensemble” of 
transport simulations (ECMWF IFS vs. NCEP GFS).  

Gosan 

Shangdianzi 

Sensitivity inversions: HCFC-22 
Results for the 6 sensitivity inversions (2 meteorologies x 3 covariance designs) were 
derived for each species and year. 
Total a-posteriori country emissions varied only moderately between the sensitivity 
inversions (as shown for HCFC-22), but differences in the spatial emission pattern were 
pronounced (not shown). The inversion performance (as indicated by the above- 
baseline correlation before and after inversion) was in general better for the 
simulations using ECMWF meteorology. 
We took the mean a-posteriori of all sensitivity inversions as our final result, while its 
uncertainty was estimated as the uncertainty range given by all sensitivity runs.  

Total Chinese halocarbon emissions for the years 2008 – 2010: A posteriori estimates: 
colored bars (numbers at top) including uncertainty range as black lines. A priori 
estimates: thick orange lines, uncertainty range in grey. Note the logarithmic scale!  
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Emission trends 
Most Montreal gases that were banned in 2010 show declining emission 
“trends”, in agreement with bottom-up estimates. Emissions of CFC-12 and CCl4 
are somewhat greater than bottom-up values, but also show a decrease since 
2009. Our inversion estimates of HCFC-22 emissions  reveal a decrease in 
Chinese emissions since 2010 although the bottom-up inventory expects an 
increase until the freeze in 2013. 
The inversion performed best in terms of RMS reduction and correlation 
between observations and a-posteriori simulations for CFC-11 and CCl4, while 
weak performance for H-1301 can also be seen by very limited uncertainty 
reduction in the a-posteriori compared with the a-priori emissions.  

Correlation coefficient R2 between 
observations and (dark) a-posteriori 
and (dimmed) a-priori simulations. 

Chinese HCFC-22 emissions for different sensitivity 
runs: (colored and error bars) a-posteriori, (thick 
orange lines, grey bars) a-priori and uncertainty.  
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