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Radiative forcing of BC 

from IPCC-AR5,2014 
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BC is absorbing solar light 



from Stier et al., ACP, 2013 

Schematic of aerosols’ radiative forcing 

Bottom-up  

      Vs.  

          Top-down 



from Bond et al., JGR, 2013 

Schematic of aerosols’ radiative forcing 



Underestimation of Bottom-up 
modelled BC light absorption optical depth (8 models) 

from Bond et al., JGR, 2013 

Model Observation 



Update of the emission inventory 

from Wang et al., PNAS, 2014; Wang et al., EST, 2014 

New BC Emission Inventory (PKU-BC) 

Difference relative to the traditional inventory 

Global BC emissions:  

 PKU-BC: 9.0 Tg / yr 

 MACCity: 7.4 Tg / yr 

  

The new inventory is available at: 

http://inventory.pku.edu.cn/home.html  



Upgrade of the model resolution 

from Wang et al., PNAS, 2014 
Global Model LMDZ-OR-INCA 

Regional Model CHIMERE 



Model simulations 

 Emission inventory:  

      1> a traditional BC inventory based on national data (MACCity) 

 

      2> a highly disaggregated inventory based on super-national data 

(PKU-BC) (Wang et al., EST, 2012a,b, EST; Wang et al., ACP, 2013; 

Wang et al., PNAS, 2014; Wang et al., EST, 2014). 

 

 Model resolutions:  

      1> a coarse resolution of 1.27°latitude by 2.50°longitude 

 

      2> zoomed to a resolution of 0.51°latitude by 0.66° in Asia, and 

disaggregated to 0.1 °by 0.1 °globally using an emission-based 

nonlinear method (Wang et al., PNAS, 2014). This downscaling method 

was validated by the regional CHIMERE model. 

  



Change of the BC light absorption (AAOD)  

by improving the model resolution and 

emission inventory 

from Wang et al., under review 



Comparison of modelled and observed 

BC light absorption (BC AAOD)  

from Wang et al., under review 
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f2:39% 

East Asia 

     NMB: 
 –55% for Asia 

(–54% / –60%) 

Retrieved BC AAOD, ×100 
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f2:55% 
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Locations of AERONET sites toward a 

high bias 

from Wang et al., under review 
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Vertical profiles of BC over the remote oceans 

from Wang et al., under review 
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average VMR 

VMR: volume mixing ratio 



Three methods to estimate the BC 

radiative forcing (RF) 

The “bottom-up” methods (only trust model). 

The “top-down” methods (only trust observation). 

The “data-assimilation” methods (trust both 

model and observation, combining the 

uncertainties). 

from Wang et al., under review 



Uncertainty in the “bottom-up” methods 

from Wang et al., under review 

Emissions: from Monte Carlo simulations (Wang et al., PNAS, 2014); 

 

Lifetime of BC: a relative standard deviation (RSD) of 27% (Bond et al., JGR, 2013); 

 

Mass absorption cross section: MAC of BC varies from 4.3 to 15.0 m2 g-1 among the 

16 models (Bond et al., JGR, 2013). After excluding the maximum and minimum 

values, the average and standard deviation is 8.5±2.2 m2 g-1, so an RSD of 26% is 

applied for the uncertainty of the BC MAC. 

 

Host model uncertainty:  an RSD of 11% (Stier et al., ACP, 2013); 

 

Vertical profiles of BC: an RSD of 13% (Samset et al., ACP, 2013); 

 

 

 



The “top-down” methods 

from Wang et al., under review 

We used a method close to that used in Bond et al. JGR, 2013. The RF of 

BC is scaled based on AERONET and HIPPO observation according to 8 

continental regions and 3 remote oceanic regions. 
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The “data-assimilation” methods 

from Wang et al., under review 

We apply the optimal Bayesian theory to estimate an optimal scaling factor, s, 

which is used to scale the BC AAOD or burden and thus RF from the bottom-up 

method, and its variance, Vs: 
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 Vo is the error variance of the observations; 

 Vm is the error variance of the model from the 

bottom-up method; 

 o is the average of the AERONET or HIPPO 

observations; 

 m is the model average at the AERONET or 

HIPPO locations. 



Estimated radiative forcing of BC and the 

uncertainty range (90% confidence) 

from Wang et al., under review 
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BC RF at a resolution of 10km ×10km 

constrained by observations 

from Wang et al., under review 

   

BC RF, W m
-2

 
0 0.3 0.8 1.5 3 0.5 1 2 4 9 5 6 



Conclusions 

from Wang et al., under review 

1. The bottom-up estimate of BC RF is 0.26 W m-2 by a coarse-resolution model 

and a traditional inventory, and 0.29 W m-2 by a high-resolution model and a 

highly disaggregated inventory. 

 

2. The top-down estimate of BC RF is 0.49 W m-2 by a coarse-resolution model 

and a traditional inventory, and 0.39 W m-2 by a high-resolution model and a 

highly disaggregated inventory. The difference between the bottom-up and top-

down estimates is reduced by using the new inventory and high-resolution model. 

 

3. The data-assimilation estimate of BC RF is 0.40 W m-2 by a coarse-resolution 

model and a traditional inventory, and 0.38 W m-2 by a high-resolution model 

and a highly disaggregated inventory. Importantly, the uncertainty is successfully 

reduced from 0.04-1.02 W m-2 to 0.11-0.85 W m-2, indicating that a positive 

systematical error is removed. 
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