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Background

Multiple sources

Short lifetime

Climate response

Terrestrial impacts

Bond et al., 2013, JGR



Background

Main transport pathways of air pollutants to the Arctic 
(AMAP, 2011)



Shindell

 

et al., 2008

Background

Ensemble model simulations of Arctic black carbon

All models strongly 
underestimated BC 
concentrations in the 
Arctic



Liu, et al, 2011

Background

wet scavenging
schemes are 
revised to 
improve model 
performance

Across-the-board adjustments such as altering
 

wet scavenging rates may 
improve biases in one region

 

but make them worse in another
 

(Bond
 

et al., 2013).



Motivations

Arctic black carbon simulation problems:
Large diversity of modeling BC among

 

different models (Shindell
 

et al., 2008)
Strong underestimation of BC in Arctic (Shindell

 

et al., 2008; Koch et al., 2009)
Improper wet scavenging parameterizations (Bourgeois et al., 2011; Liu et al., 2011)

NPRI

USEPA NEI

EMEP

Major emission source regions 
for Arctic black carbon:

Europe (EMEP)

United States (USEPA NEI)

Canada (NPRI)

Russia
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Gas flaring: a missing BC source

(Dmitry Volkov, 2008)

Russia possess the largest natural 
gas reserves of 24% in the world as 
of 2009.

Russia is the top 1 gas 
flaring country



Gas flaring BC emission factor measurement

Courtesy:http://www.unep.org/ccac/Portals/50162/docs/ccac/initiatives/oil_and_gas/Sky
 %20-%20LOSA.PDF (taken from slides by Prof. Matthew Johnson from Carleton Univ.)

In situ
 

measurement of gas flaring BC 
emission factor

 
(Johnson et al., 2013)

Sky-LOSA
 

: Line-Of-Sight Attenuation 

of sky-light 

Significant difference of BC EF from different flares

EF measured by Sky-LOSA is not appropriate for 
emission estimation (i.e. unit in g/s)

Need mass of black carbon per mass of fuel burned 



Estimation of gas flaring EF and emission in Russia

laboratory scale flare experiment
(McEwen and Johnson, 2012)

Composition of the associated gas in Russia

64.14 
MJ/m3

45 MJ/m3



BCflaring

 

= Volume * EFflare

Volume : Gas flaring volume of Russia in 2010 was 35.6 BCM
 

(billion cubic meters)

The BC
 

emission from Russia’s gas flaring
 

in 2010
 

is estimated to be 81.0 Gg. 

Estimation of gas flaring EF and emission in Russia
 

(cont.)

EFflare

 

= 0.0578 × HVAPG

 

–
 

2.09 

2.27 Russia



Spatial distribution of gas flaring BC emission

Gas flare areas (red polygon)
 retrieved from satellite (U.S. Air 

Force Defense Meteorological 
Satellite Program (DMSP) 
Operational Linescan

 

System 
(OLS))

Spatial allocation proxy 
(contour)

 

nighttime lights 
product 
Data source: NOAA NGDC

Major gas flaring regions:

Yamal-Nenets

Khanty-Mansiysk

Major gas flaring regions:

Yamal-Nenets

Khanty-Mansiysk

Major gas flaring regions:

Yamal-Nenets

Khanty-Mansiysk

Major gas flaring regions:

Yamal-Nenets

Khanty-Mansiysk

Major gas flaring regions:

Yamal-Nenets

Khanty-Mansiysk

Spatial distribution of gas 
flaring BC emission (0.1*0.1 
degree)



5.4%
13.1%

20.3%

25.0%

36.2%

Gas flaring Residential Transportation
Industry Power plants

Russian anthropogenic BC emissions by sectors

 Residential

 Transportation

 Industry

 Power plants

Year 2010:
Russian anthropogenic 

BC = 224 Gg/yr

1.1%

23.6%

27.3%

37.9%

10.1%

0.8%2.4%3.3%
2.8%

90.7%

Urals
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Arctic black carbon modeling domain
Hemispheric CMAQ（H-CMAQ）

Terrain 
HT (m)

Arctic Circle (north of 
66°33′44″ N°)

CMAQ v5.0.1
Meteorological Input:

 
WRF

 

V3.5.1

Projection:
Polar

Horizontal

 

Spacing:
180*180

 

(108

 

km * 
108

 

km)

Vertical Spacing:
44

 

layers

Gas

 

chemistry:

 
CB05

Aerosol mechanism:

 
AERO5

Simulation

 

year:
2010

IC/BC:

 
GEOS-Chem

 

v9-01-

 
03



Default global anthropogenic BC emission inventory:Default global anthropogenic BC emission inventory:
EDGAREDGAR

 
((EEmission mission DDatabase for atabase for GGlobal lobal AAtmospheric tmospheric RResearch) esearch) HTAPv2HTAPv2

 ((HHemispheric emispheric TTransport of ransport of AAir ir PPollution)ollution)
 

20102010
 

[  [  0.0.11
 

°×°× 0.0.11
 

°°]]
Industry Industry ++

 
power plant + traffic + residentialpower plant + traffic + residential

 
+ shipping + air+ shipping + air

Biomass Biomass burning burning emissionemission::
GFEDv4sGFEDv4s

 
((GGlobal lobal FFireire

 
EEmissionmission

 
DDatabaseatabase) ) [  [  0.20.255

 
°×°×

 
0.20.255

 
°°]]

Black carbon emissions inputs

HTAPv2 BC Russian
 

BC (kg/m2/yr)



NMB: 
8.32%

NMB:     
-25.9%

NMB:    
-29.3%

Model performances in US, W. Europe and China

IMPROVE 
(167sites, 2010)

(6 sites, 2010)

(5 Finland sites, 
2004 -

 

2008)

CAWNET      
(18 sites, 2006)

ng/m3 μg/m3



Observational
 

sites in Russia and the Arctic

AERONET (Russia)

Moscow
(55.7 °N, 37.5 °E)

Zvenigorod
(55.7 °N, 36.8

 

°E)

Yekaterinburg
(57.0 °N, 59.5

 

°E)

Tomsk
(56.5 °N, 85.0

 

°E)

Yakutsk
(61.7 °N, 129.4

 

°E)

Ussuriysk
(43.7 °N, 132.2

 

°E)

Arctic sites

Barrow, USA
(71.3 °N, 156.6

 

°W)

Alert, Canada
(82.5 °N, 62.3

 

°W)

Zeppelin, Norway
(78.9 °N, 11.9

 

°E)

Tiksi, Russia
(71.6 °N, 128.9

 

°E)



Model performance in Russia

51% 50%

31% 24%

17% 2%



MISR: The Multi-angle Imaging SpectroRadiometer

Model performance in Russian flaring source regions

MISR AAOD: 0.0053; CMAQ AAOD: 0.0045;   NMB: -
 

14.0%



Role of Russian BC emissions in the Arctic

Improvement of modeled BC levels are mainly found during the Arctic Haze 
periods, i.e. December –

 
March. 



Role of gas flaring in triggering the high BC episodes



Gas flaring contribution as a function of measured BC

Gas flaring from Russia contributes an increasing fraction as the measured BC 
concentrations at the Arctic increase.

Y

 

= 0.63X

 

+ 28.5

R2 =  0.50
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Monthly BC dry deposition perturbations 

JUN

DEC

BC dry deposition (RUS –
 

HTAP)

g/hectare/month ratio (unitless)

ratio:   (RUS –
 

HTAP)/RUS



Monthly BC dry deposition perturbations 



Conclusions 


 

Russian black carbon emissions are strongly underestimated, 
e.g. gas flaring.


 

By using the new Russian BC emission as model input, the 
model performance could be significantly improved against 
observations. Previous studies by revising

 
the physical processes 

in the model could be misleading.


 

Gas flaring is a crucial emission source contributing to the high 
BC episodes in the Arctic although its source area is limited within a 
small region.


 

The role of Russian emission on the BC surface level and 
deposition in the Arctic has been significantly underestimated and 
even overlooked in some regions.
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