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Fyfe et al. (2013), adapted

Trends in Sulphate Deposition Over Greenland
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Black Carbon (BC) Deposition Over Greenland Ice and Snow

BC deposition flux 
at 4 Greenland ice 

core sites 

Namazi et al. (2015)

Observations (McConnell, 2010)
CanAM4.2
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Impacts of Aerosols on Arctic Temperatures 

Observations
CMIP5 Climate Models

= Mainly aerosol

Adapted from Fyfe, von Salzen, Gillett,
Arora, Flato, McConnell  (2013)

Large contribution of aerosols to 
Arctic temperature changes in the 
20th century

Model differences can be largely 
explained by differences in 
aerosol effects
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Key Effects of Aerosols on Climate
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Global Black Carbon Radiative Forcings

Bond et al. (2013)
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Transport of Aerosols to the Arctic

Quinn et al. (2015)
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• Assessment report by Expert Group on Black Carbon and Ozone, 
Arctic Monitoring and Assessment Programme (AMAP, Quinn et 
al., 2015), based on 4 models

• Also addressed impacts of sulphate, organic carbon and ozone

• 7 Regions

• 6 Emission Sectors: Agricultural fires, grass and forest fires, 
energy + industry + waste, domestic, transport, oil + gas flaring

Assessment of the Impacts of BC Emissions on Arctic Climate
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Anthropogenic Emissions of BC from Different Regions

Quinn et al. (2015), adapted



Page 11 – June-19-17

Example: Impact of Black Carbon (BC) 
from Canadian Shipping Emissions on Arctic Temperatures

BC burden (kg/m2)

TOA Radiative forcing 
(W/m2)

Near-surface air 
temperature (°C)

Fully 
coupled simulation
with CanESM4.1

Offline calculation
using Regional Temperature Potentials
∆T = ∑(∆F * λ)= 0.8 ·10-6 °C

Note: Results scaled by factor 105

Emissions
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Equilibrium Temperature Change Attributable 
to Emissions from Different Regions and Sectors

Largest sources of warming from BC:
i. East/South Asian domestic 

emissions
ii. Russian gas flaring emissions
iii. ROW fire emissions

Largest cooling source from SO4: 
Energy + Industry + Waste emissions, 
esp. from E/S Asia

From left to right:
D – domestic
I – industry, energy, and waste
T – transport
W - agricultural waste burning
F – vegetation fires
FL – Gas flaring

Sand et al., Nature Climate Change (2015)
AMAP Expert Group for BC and O3, Quinn et al. (2015)



Page 13 – June-19-17

Temperature Changes per Unit of Emitted Aerosol Mass

From left to right:
D – domestic
I – industry, energy, and waste
T – transport
W - agricultural waste burning
F – vegetation fires
FL – Gas flaring

Mitigation of emissions from 
sources at high latitudes may 
be the most cost-effective 
option for policy makers

Sand et al., Nature Climate Change (2015)
AMAP Expert Group for BC and O3, Quinn et al. (2015)

Arctic temperature sensitivity
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Key Findings of the AMAP Expert Group Assessment

• Emissions from East + South Asia and Russia are the largest 
contributors to BC burdens and radiative forcings in the Arctic

• The best estimate of total Arctic equilibrium surface temperature 
response due to direct radiative effects of current global BC, OC, 
and sulphur emissions is 0.35 °C, where 

0.4 °C is from BC in the atmosphere
0.22 °C is from BC in snow
-0.04 °C is from OC
-0.23 °C is from sulphate

• Per unit emission, the Arctic temperature is most sensitive to 
Russian and Nordic emissions. A large part of this temperature 
increase is due to BC in snow
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Challenge: Large Diversity in Simulations of BC in the Arctic

Vertically integrated
amount (burden)

Near-surface
mixing ratio

results from 11 models for July 2008
(Eckhardt et al., 2015)
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Model Validation: Near-Surface Concentrations in the Arctic

Observed and modelled
near-surface BC concentrations

for five stations for winter/spring (left 
column) and summer/fall (right column)

Eckhardt et al. (2015)

Models tend to underestimate 
near-surface concentrations in 
Arctic, especially during the haze 
season in winter/spring
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Model Validation: Vertical Profiles of BC

Bond et al. (2013)Models tend to overestimate BC 
concentrations in upper troposphere
and lower stratosphere
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Sensitivity of BC Vertical Profiles to Atmospheric Processes

Change in BC vertical profiles
CanAM CESMMean 

Profiles at Alert

(Note different scale)

Upper 
troposphere: 
High sensitivity to 
wet deposition in 
deep convective 
clouds (occurring 
outside the Arctic)

Lower 
troposphere:
High sensitivity to 
wet deposition in 
Arctic layer 
(stratiform) clouds

Mahmood et al. (2015)

CONV_WD: No wet deposition in moist convection
CONV_TR: No moist convective transport and wet deposition
STF_WD: No stratiform (layer cloud) wet deposition
DRYD: No dry deposition
AGE: No aging of hydrophobic to hydrophilic BC
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Conclusions

• Aerosols have masked about half of the warming effect of 
greenhouse gases in the Arctic since 1900

• Through direct radiative effects sulphate aerosols cause cooling 
whereas black carbon aerosols cause warming in the Arctic 

• Effects of BC on Arctic climate are very uncertain due to 
uncertainties in simulated BC concentrations and a lack of 
understanding of impacts of aerosols on clouds

• Future research should focus on aerosol wet scavenging processes 
and aerosol/cloud interactions, preferably during transport of 
pollution to the Arctic

• Workshop on “air Pollution in the Arctic: Climate, Environment and 
Societies (PACES)” in Victoria, BC, June 27-29. 


