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Black carbon emissions from China 

l  China contributes 25% of 
global BC emissions 
n  1.3 Tg in 1995,1.1–1.5 Tg in 

2000, 1.8 Tg in 2006 

l  All inventories have high 
uncertainty over China 
n  Bottom-up emission 

inventories reported 
uncertainties ranging from 
187% to 484% in China (Street 
et al., 2003; Zhang et al., 2009; Lei 
et al., 2011) 

n  Main sources from coal and 
biofuel combustion 

Anthropogenic emissions  

Open burning emissions 

Bond et al., 2004 



Surface observations as top-down 
constraints on BC emissions 

Koch et al., 
ACP, 2009 

GISS model simulation Surface observations 

Site location Temporal 
resolution 

Model 
resolution 

Conclusion on 
emissions 

Koch et al., 
ACP, 2009 16 rural/urban Annual mean 4×5° Underestimated 

by 50%  
Kondo et al., 

JGR, 2011 
1 coastal  

outside China hourly mean 81×81 km 
 Accuracy 
within 30% 

Fu et al., ACP, 
2012 10 rural Monthly mean 0.5×0.667° Underestimated 

at least by 60% 

Wang et al., 
ACP, 2011 

18 rural/selected 
urban Annual mean 2×2.5° 

Chinese 
emissions need 
to be doubled 



Need careful analysis of model discrepancies 

l  Accuracy of emission data concerns not just 
annual total emissions 
ü  Seasonal distribution 
ü  Spatial distribution 

l  Emission data are not the only source of model 
biases 
ü  Representativeness of observations 
ü  Grid resolution  
ü  Removal processes (wet deposition)  
ü  Chemistry 
ü  Transport 
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Model description 

Emiss ions

C onvection

TransportDry	  depositon

Wet	  deposition
Horizontal 
resolution

0.5º×0.667º

C hemistry
Hydrophobic BC would be 

transformed to hydrophilic BC in 
an e-folding time of 1.15 days

Anthropogenic emission: Zhang et al.,2009
(north Chian with monthly variation, south without)

Open burning emission: GFED3 
All emitted BC: 80%hydrophobic, 20%hydrophilic

Wesley,1989

Liu et al.,2001 GEOS-5 assimilated 
meteorology fields

Nested-grid GEOS-Chem model  



Continuous BC observations at two rural sites 
(Tsinghua University) 

l   The color shading indicates   
     anthropogenic BC emissions     
     in  2006 (Zhang et al., 2009) 
 
l   At a 590 nm wave length  
    channel, the results of COSMOS  
    and Aethalometer agree quite  
    well with R2 of 0.94 (Miyazaki et  
    al., 2008) 

Miyun site  (Wang YX et al., JGR, D24304, 2011) 
l  Northeast of Beijing city, mountain area 
l  Optical method (COSMOS) 
l  Measurement period: April – November, 2010 

Chongming site 
l  Northeast of Shanghai city, on Chongming island 
l  Optical method (Magee Aethalometer) 
l  Measurement period: April – October, 2010 

Sites locations 

Miyun Site 

Chongmin Site 



Model results 

µg m-3 

Simulated annual-mean surface BC and previous rural observations 
(Dan et al., 2004; Zhou et al., 2006; Cao et al., 2007; Zhang et al., 2008)  



Sites choices: 5 long-period rural sites 

µg m-3 



Sites choices: 5 long-period rural sites 

µg m-3 

obs     
 model 



Model results at the continuous sites 

 

Obs: 2.05 µg m-3  

Mod: 1.88 µg m-3  

R2 = 0.37 

 

Obs: 1.09 µg m-3  

Mod: 1.11 µg m-3  

R2 = 0.36 

 

Miyun 

Chongming 



Influence of representation errors 

Miyun Monthly Data 

hourly BC Observations 

bias due to resolution 

O
bs

 --
 M

od
el 0 

To reduce the representation error 
a)  Increase the sample size  
b)  Consider the influence of 

transport patterns (monthly  
hourly) 

c) Reduce the influence of high 
pollution events not captured 
with the model’s coarse res. 

Upper 5% of 
CO and SO2  



Use of BC/CO slope 

Observed dBC/dCO             Emitted BC/CO 

dBC/dCO depends on:  

l  Emission types 

l  Wet deposition 

dBC/dCO  

CO 

diesel  
gasoline 

w/ rain 

BC 



Influence of wet deposition 

dBC/dCO  versus regionally average precipitation（AP, mm） 

Miyun Chongming 

Obs:  Influence of wet deposition  >  transport 
Mod: Influence of wet deposition  <  transport 

Average Precipitation (mm) Average Precipitation (mm) 



BC/CO ratio of the residential sector most 
uncertain 

Miyun 
Obs dBC/dCO: 0.0044 
Mod dBC/dCO: 0.0092 

Chongming 
Obs dBC/dCO: 0.0054 
Mod dBC/dCO: 0.0075 

Main source of BC & CO in YRD 
Residential  0.0165 
Industry       0.0074 
Transport     0.0063 

Main source of BC & CO in NCP 
Residential  0.0291 

Industry  0.0076 
Transport  0.0068 

BC/CO from residential sector is a factor of 3 too high!  



Influence of data selection method on 
emission estimates 

Miyun Data selection Chongming 
-9% Monthly mean +42% 

-11% Hourly mean  -22% 

-18% +Exclude high points -13% 

-16% +Exclude precipitation 
(AP < 1 mm) 

-21% 

dMOD/dOBS 



Top-down evaluation of Chinese BC 
emissions 

Evaluation method 
Ø  For Miyun and Chongming: Use finally calculated dMOD/dOBS 

Ø  For the other 3 sites: Use dMOD/dOBS calculated by monthly data 

Uncertainties (RSS error of the following) 
Ø Uncertainty of measurement instruments 

Ø Standard deviation of the correlation slope 

Ø  For 2 continuouse sites: Uncertainties between different data  

selection 

    For 3 monthly sites: Difference between hourly and monthly at 

Chongming site 



Bias of BC emissions estimated by model 

Bias of bottom-up BC emissions 
estimated by the model (5 regions) 

NEC  
+27%±71%  

CSC  
+36%±76%  

NCP  
-33%±22%  

CC  
-74%±74%  

YRD  
-27%±19%  

u  The biases are 
around 30% in most 
regions 
 
u  All biases are 
less than the 
inventory’s 
uncertainty of 208% 
 
u  Average bias of 
the 5 regions is 
about  
-14% 



Conclusions 

Ø  Estimated bias of emissions can be very different 
using continuous measurement instead of monthly 
mean in the top-down analysis 

Ø  Observed dBC/dCO is heavily influenced by 
precipitation but modeled dBC/dCO is not, indicating 
the model’s wet deposition of BC is too low 

Ø  The bias of BC inventory is around +/-30% in China, 
depending on region 

Ø  The residential sector needs to have a lower share in 
the total emissions of BC or a much lower  BC/CO 
emission ratio in both NCP and YRD regions 



Measurement results 
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Location Site Spring Summer Fall Winter Method Reference 
Beijing 
(Miyun) Rural 1.81 2.37 2.17 -- Optical This work 

Shanghai 
(Chongming

) 
Rural 1.11 1.35 0.80 -- Optical This work 

Beijing 
(Pinggu) Rural -- 4.5 -- -- Thermal Dan et al., 

2004 

Beijing 
(Changping) Rural -- 2.37 -- -- Optical Zhou et 

al., 2009 

Beijing 
(BNU) Urban  -- 5.7 -- 15.2 Thermal Dan et al., 

2004 

Beijing 
(PKU) Urban 6.2 6.4 8.8 6.7 Thermal Han et al., 

2009 

Shanghai 
(Taicang) Rural 5.47 -- -- -- Optical Zhou et 

al., 2009 

Guangzhou Urban -- 4.7 -- -- Thermal Verma et 
al., 2009 

Summary of measurement results compared with some of previous observations,  
average BC concentrations are in µg/m3 
 



Influence of wet deposition 

Precipitation at Miyun 

l  The precipitation in the model shows moderate 

correlation with ground observations, R2 = 0.47 

l  The model underestimates total precipitation by 17% 

at Miyun, 40% at Chongming 


