
Soot on Snow 
 
Introduction 
Recent reductions in sea ice thickness, the disintegration of Arctic and Antarctic ice-
shelves, and widespread melting of permanent snow and ice has been attributed to rising 
global temperature; the consequence of humanity releasing heat-trapping greenhouse 
gases into the Earth’s atmosphere.  However, the burning of fossil fuels releases not only 
greenhouse gases, but also particulate matter or aerosols.  Microscopic “soot” aerosol are 
~0.01 – 0.1 µm in diameter and contain light absorbing “black carbon”.  Since aerosol are 
the “seeds” upon which cloud droplets and ice crystals form, these light absorbing aerosol 
are incorporated into rain and snow and deposited to the Earth’s surface.  When they fall 
onto sea-ice, ice caps, and glaciers, these microscopic soot particles absorb a small 
percentage of the Earth’s incoming solar radiation and enhance melting.  Thus two 
independent effects, rising temperature and the deposition of soot, which have the same 
cause, the combustion of fossil fuels, are altering the Earth’s hydrological cycle by 
accelerating the melting of the Earth’s permanent snow and ice.   
 
What’s at Stake - Highlights several of Earth’s beautiful landscapes whose permanent 
snow and ice are threatened by climate change.  As you view these images, please ask 
yourself, “How will these ecosystems change as a result of our action, or inaction?” 
 
Natural Processes - Contains photographs of naturally occurring boreal forest fires, 
which release both greenhouse gases and soot to the atmosphere.  Created and 
extinguished by ordinary weather patterns, boreal forest fires in Canada and Siberia are 
usually intense, but short-lived, and represent a natural cycle of forest regeneration. 
 
Man’s Influence - Includes photographs of atmospheric pollution, which can be 
transported long-range to locations where there is little or no local pollution, e.g. the high 
Arctic.  Unless suitable energy alternatives can be found, carbon based fuels will 
continue to produce greenhouses gases and light-absorbing black carbon. 
 
About the Photographer and the Photographs 
Dr. Cameron S. McNaughton is an Assistant Researcher at the University of Hawaii.  
During and after his PhD he has logged more than 700 hours aboard NASA and NSF 
research aircraft as a flight scientist specializing in-situ measurements of the 
microphysical, optical, and chemical properties of atmospheric aerosols.  The direct and 
indirect effects of aerosol on climate were identified by both the 2001 and 2007 IPCC 
reports as the single largest source of uncertainty in humanity’s efforts to model the 
Earth’s radiation balance.  These photographs were taken during a series of international 
scientific experiments generously funded by the following organizations. 
 

    



Part I – What’s at Stake 
 
 
 

 
Axel Hieberg Island in Canada’s high Arctic, April 8th, 2008.  Note the blocks of ice that 
have calved off the foot of the receding glacier (middle-bottom), the melt feature and 
stream (bottom-right). 
 



 
Coast of Ellesmere Island in Canada’s high Arctic, April 9th, 2008.  Ice shelves totaling 
more than 300 km2 have calved off the coast of Ellesmere Island in the last 5 years. 



 
The NASA DC-8 and NASA P3-B (foreground) flying in formation during an instrument 
intercomparison at 100 meters above the Arctic Ocean on April 8th, 2008.  These 
atmospheric science laboratories measured trace gases, aerosols, as well as short and 
long-wave radiation during ARCTAS, one of NASA’s contributions to the International 
Polar Year.  The experiment was designed to study natural atmospheric phenomena as 
well as man’s influence the composition of the Arctic atmosphere. 



 
Maroon Bells, Aspen Colorado, September 28th, 2008.  Semi-permanent snow and ice, 
seen here near the cliff-base, provide a year-round supply of water for mountain streams, 
habitat for trout and other aquatic organisms.  Farther downstream these rivers provide 
water for the arid Southwestern United States.  How will climate change affect the 
abundance of water in the Rocky Mountains? 



 
 

 
Volcán Parinacota (6348 m) and Lago Chungará (4517 m), one of the world’s highest lakes, on 
the border between Chile and Bolivia, November 16th, 2008 (top - courtesy of Mingxi Yang, 
University of Hawaii).  Precipitation during austral-summer and melting glaciers during winter 
recharges groundwater aquifers and supplies water to river valleys in the Atacama Desert, the 
driest inhabited place on Earth (bottom).  How will climate change affect the abundance of 
water in the Andes? 



Part II – Natural Process 
 
 
 

 
West Lake Athabasca Fire Complex, Saskatchewan Canada, July 9th, 2008.  Though 
intense, boreal forest fires are short-lived (days to weeks) and are a natural part of the 
forest regeneration process. 



 
West Lake Athabasca Fire Complex, Saskatchewan Canada, July 10th, 2008.  These fires 
were started naturally by lightening and were allowed to burn out-of-control until they 
began to threaten nearby settlements.



Pyroconvective forest fire plume, Saskatchewan Canada, July 6th, 2008.  
Intense heat from the forest fires below causes smoke to rise in violent 
updrafts.  As the smoke penetrates the top of the boundary layer, water 
vapour begins to condense on the particulate creating a smokey-cloud 
like the brilliant white cumulous cloud captured here.  Pyroconvective 
clouds from boreal forest fires can reach altitudes of 6-12 km and can be 
transported across the entire Northern Hemisphere. 
 



Part III – Man’s Influence 
 
 
 

 
Smoke layer above Western Alaska, April 6th, 2008.  Climate models and satellites 
tracked this layer of smoke as it was transported long-range across the Pacific from 
Southeast Asia.  The smoke was generated in agricultural fires set by farmers in 
Southeast Asia who were preparing their fields for spring planting. 
 



 
Arctic Haze over the Brooks Range Alaska, April 13th, 2008.  Arctic Haze is a winter- 
and spring-time build-up of man-made atmospheric pollution in the Arctic atmosphere 
that can persist for weeks.  In addition to reducing visibility, light absorption by black 
carbon in the pollution leads to heating of the Arctic atmosphere and enhances the 
melting of permanent snow and ice.  When the black carbon is deposited to the snow and 
ice via precipitation, it continues to accelerate melting by absorbing sunlight in the 
snowpack. 
 



 
A layer of pollution girdles Mt. McKinley (right) and Mt. Foraker (left) in the Alaskan Mountain Range, May 9th, 2006.  With peaks 
of 6194 meters and 5304 meters they are the highest and 6th highest mountains in North America, respectively.  This layer of 
anthropogenic pollution was transported long range from the urban-industrial regions of East Asia. 
 
 



  
 
Air pollution in the Valley of Mexico, home to more than 20 million 
people, March 2006.  Mexico City is the 4th largest of the world’s 25 
megacities.  At an altitude of more than 2000 meters, the valley is 
surrounded by mountains including Volcán Popocatépetl (5410 m) and 
Volcán Iztaccíhuatl (5230 m) the 5th and 8th highest mountains in North 
America (top-left and right).  Mexico City’s unique geographic setting 
and poor air quality led NASA and the United States’ National Science 
Foundation (NSF) to sponsor the MILAGRO/INTEX-B field campaigns 
to assess the impacts of Mexico City’s air pollution on regional and 
global climate.  The bottom-left photo is of the NSF’s National Center 
for Atmospheric Research C-130 aircraft captured from onboard the 
NASA DC-8.  In the background is a mixture pollution and mineral dust 
reaching altitudes of more than 5000 meters and obscuring snow-capped 
Pico de Orizaba (5636 m), the 3rd highest mountain in North America. 

 


