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Snow is the most reflective natural 

surface on Earth, with an albedo (the 

ratio of reflected to incident light) typi-

cally between 70% and 85%. Because 

the albedo of snow is so high, it can be 

reduced by small amounts of dark impuri-

ties. A few tens of parts per billion (ppb) 

amounts of black carbon (BC) can reduce 

the albedo by a few percent depending 

on the snow grain size [Warren and Wis-

combe, 1985; Clarke and Noone, 1985].

An albedo reduction of a few percent 

is not detectable by eye and is below the 

accuracy of satellite observations. None-

theless, such a reduction is signifi cant for 

climate. For a typical incident solar fl ux of 

240 watts per square meter at the snow sur-

face in the Arctic during spring and sum-

mer, an albedo change of 1% modifi es the 

absorbed energy fl ux by an amount com-

parable to current anthropogenic green-

house gas forcing. As a result, higher levels 

of BC could cause the snow to melt sooner 

in the spring, uncovering darker underlying 

surfaces (tundra and sea ice) and resulting 

in a positive feedback on climate [Hansen 

and Nazarenko, 2004].

BC particles are produced by incomplete 

combustion from diesel engines, coal burn-

ing, forest fi res, agricultural fi res, and resi-

dential wood burning [Bond and Bergstrom, 

2006]. When injected into the atmosphere, 

these particles may travel thousands of kilo-

meters before they are removed by rain or 

snow precipitation. In 1983–1984, a wide-

area survey of BC concentrations in Arctic 

snow was carried out by Clarke and Noone 

[1985] across the western Arctic; however, 

access was not available to the eastern Arc-

tic at that time.

During the 2007–2009 International Polar 

Year (IPY) an opportunity arose for collabo-

ration between U.S. and Russian scientists to 

organize a survey of BC in the snow across 

the Russian Arctic during springtime expe-

ditions in 2007 and 2008. The expeditions 

were carried out as a central part of a com-

prehensive IPY survey over the entire Arctic.

Survey Results

The surveys were conducted in April 

and early May so that the entire win-

ter snow accumulation could be studied 

and snowpack conditions could be docu-

mented just prior to the onset of the spring 

melt (see Figure 1). The observation areas 

were reached by commercial airlines 

to locations near the Arctic coast span-

ning longitudes 50ºE–170ºE. Local trans-

portation provided access to individual 

sites 30–100 kilometers away from these 

centers.

At each site, samples were gathered from 

individual snow pits at several depths to 

examine snow deposited at different times 

throughout the winter and spring. About 500 

snow samples were analyzed. Processing 

of the samples for BC was carried out using 

the fi ltering techniques pioneered by Clarke 

and Noone [1985]. Each sample was melted 

rapidly in a microwave oven and immedi-

ately drawn through a  0.4-micrometer Nucle-

pore fi lter to extract the BC and other par-

ticulates. Melt water samples were also saved 

for chemical analysis to assist in evaluat-

ing the sources of the BC. Because the fi l-

tering apparatus can be set up on a small 

table in a hotel room, snow samples could 

be processed at each location, avoiding the 

need to transport large quantities of snow 

back to St. Petersburg. Each fi lter was com-

pared visually against a set of standard 

samples provided by A. D. Clarke (Univer-

sity of Hawaii, Honolulu) to allow an ini-

tial estimate of the equivalent BC loading 

of the samples. More precise analysis using 

an  integrating-  sandwich spectrophotometer 

was carried out after returning the fi lters to 

Seattle, Wash.

The median background BC levels were 

15–25 ppb on or near the coasts of the Bar-

ents and Kara seas, and near a polynya (an 

area of open water surrounded by sea ice) 

found within the Laptev Sea. Values were 

15–20 ppb on the Chukchi Peninsula but 

only 5 ppb in a fresh snowfall event at the 

end of April. Farther south or west, back-

ground BC levels were 20–80 ppb in the 

Sakha Republic and 40 ppb on the Taymyr 

Peninsula. At some locations, the concen-

trations were higher at the surface, perhaps 

because of sublimation in regions where 

heavy autumn snowfall is followed by a dry 

winter.
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broader scopes apparently have encouraged 

increased student enrollment. And industry 

professionals continue to support the incor-

poration of fi eld experiences within under-

graduate curricula. This calls into question 

whether the perception that fi eld educa-

tion is no longer necessary as an important 

component of undergraduate geoscience 

coursework is incorrect. The contention in 

this article is that the resurgent interest in 

fi eld education represents a renewed appre-

ciation for basic skills needed by almost 

all geoscience professionals, and balances 

other equally important theoretical and 

 laboratory-  oriented educational experiences 

necessary for geoscience students.
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Fig. 2. Graph of data from the past 20 years showing the total number of student interns involved 
with the U.S. Geological Survey/National Association of Geoscience Teachers (NAGT) Coopera-
tive Field Training Program. The 1990s generally are characterized by a downward trend and the 
2000s generally are characterized by an upward trend, although these trends may have been 
partly dependent on the availability of internships. Data were compiled from the NAGT Web site 
(http:// serc . carleton .edu/ nagt/  programs/ usgs _field .html).

Expeditions to the Russian Arctic to Survey 
Black Carbon in Snow

Fig 1. (Left) Sampling snow on the sea ice north of Tiksi, Russia, and (right) surface transportation west of Tiksi.

Black Carbon  cont. on next page
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BC Values Across the Arctic

The surveys from Russia have produced 

a more complete picture of BC distribution. 

The BC values found in Russia were higher 

than elsewhere in the Arctic. The cleanest 

snow is on the Greenland Ice Sheet, with 

about 2–3 ppb BC, similar to that reported 

by Clarke and Noone [1985], and similar to 

that reported for the 1980s from ice core 

measurements by McConnell et al. [2007]. 

Snow in Canada, Alaska, and the Arctic 

Ocean has 5–15 ppb, which is less than what 

Clarke and Noone [1985] found in these 

regions. Part, but not all, of this difference 

may be explained by a difference in the pho-

tometer design. A decline in the BC content 

of Arctic snow over the past 25 years is con-

sistent with the decline in atmospheric BC 

measured continuously since 1989 at the 

atmospheric monitoring station at Alert on 

Ellesmere Island [Quinn et al., 2007].

Factor analysis using 22 chemical species 

in the meltwater indicates that in Russia, 

Greenland, and North America the BC origi-

nated primarily from biomass burning [Hegg 

et al., 2009]. In the Arctic Ocean, industrial 

pollution is apparently the dominant source.

It is important to recognize that BC is only 

one of the determinants of snow albedo. For 

example, snow on the tundra is often thin 

and patchy, so the  area-  averaged albedo 

may often be determined more by the fre-

quency distribution of snow depth than 

by absorptive impurities. The measured 

BC amounts are being used to test mod-

els of atmospheric transport into the Arc-

tic. Information about snow depth and snow 

grain sizes, together with the measured 

BC amounts, will be used to estimate the cli-

matic effects of BC in snow.

Photographs from the expeditions are 

available at http:// www . atmos . washington 

.edu/  sootinsnow.
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In Brief
Geosciences call to action The U.S. 

National Science Foundation’s (NSF) Advisory 

Committee for Geosciences has issued a call 

to action to the geosciences community. “Over 

the next decade, the geosciences community 

commits to developing a framework to under-

stand and predict responses of the Earth as a 

system—from the  space-  atmosphere bound-

ary to the core, including the infl uences of 

humans and ecosystems,” states a report, 

“Unraveling Earth’s Complexities Through the 

Geosciences: Geovision Report,” issued by the 

committee on 15 October.

The report presents three major chal-

lenges: understanding and forecasting the 

behavior of a complex and evolving Earth 

system, reducing vulnerability and sustain-

ing life, and growing the geosciences work-

force of the future.

Among the report’s 10 recommendations 

are: sustaining and nurturing the fundamen-

tal geosciences disciplinary programs; reach-

ing out in new directions, engaging and 

incorporating other disciplines; embracing a 

culture that recognizes that transformational 

research involves an element of risk; invest-

ing wisely in and responsibly managing the 

next generation of tools, technologies, and 

techniques; communicating the critical role 

that the geosciences play in reducing risks 

from natural hazards; building effective and 

enduring partnerships within and outside 

of NSF; recognizing the need for the geosci-

ences to adopt the challenge of increasing 

the resiliency of natural systems; and promot-

ing  early-  childhood and  young-  adult under-

standing of geosciences concepts.

“The fundamental research envisioned [in 

this report] will transform the geosciences 

and will lead it to play a more visible and 

public role in society,” advisory committee 

chair George H. Davis noted in the report.

For more information, visit http:// www .nsf 

.gov/ geo/  acgeo/  geovision/ start .jsp.

Hidden environment and health costs 
of energy The hidden costs of energy 

production and use in the United States 

amounted to an estimated $120 billion in 

2005, according to a 19 October report by the 

U.S. National Research Council. The report, 

“Hidden Costs of Energy: Unpriced Conse-

quences of Energy Production and Use,” 

examines hidden costs, including the cost 

of air pollution damage on human health, 

which are not refl ected in market prices of 

energy sources, electricity, or gasoline.

The report found that in 2005, the total 

annual external damages from sulfur dioxide, 

nitrogen oxides, and particulate matter cre-

ated by burning coal at power plants that pro-

duce 95 percent of the nation’s  coal-  generated 

electricity were about $62 billion, with noncli-

mate damages averaging about 3.2 cents for 

every  kilowatt- hour of energy produced. By 

2030, nonclimate damages are estimated to 

fall to 1.7 cents per  kilowatt-  hour. The 2030 fi g-

ure assumes that new policies already slated 

for implementation are put in place.

There were far fewer hidden costs associ-

ated with natural gas, wind power, and the 

normal operation of the 104 nuclear reactors 

in the United States, according to the report. 

However, the life cycle of nuclear power 

poses some risks of potential water pollu-

tion related to uranium mining activities and 

long-term storage of radioactive waste needs 

more evaluation before risks can be quanti-

fi ed, the report noted.

In 2005, motor vehicles produced $56 bil-

lion in health and other  nonclimate-  related 

damages, the report states, with damages 

per vehicle mile traveled ranging between 

1.2 cents and about 1.7 cents per mile trav-

eled. The report found that electric and 

hybrid vehicles also included life cycle costs 

related to energy use in creating batteries 

and electric motors.

The committee derived a wide range of 

values for damages from climate change, 

which made it impossible to develop precise 

estimates of cost. However, all model results 

available to the committee indicate that the 

damages caused by each ton of CO
2
 emis-

sions would increase 50 percent to 80 percent 

by 2030. For more information, visit http:// 

www .nap .edu/  catalog .php ? record _id =12794.

—RANDY SHOWSTACK, Staff Writer

NEWS G E O P H Y S I C I S T S

Honors
The Meteoritical Society has awarded 

Lawrence Grossman the Leonard Medal 

for 2009. The award recognizes his “leader-

ship role in the study of  vapor-  solid forma-

tion processes in the early solar system and 

in the study of the history of refractory mate-

rials in meteorites.”

The Division for Planetary Sciences 

(DPS) of the American Astronomical Soci-

ety (AAS) has honored two AGU members. 

Tobias C. Owen, University of Hawai‘i at 

Mānoa planetary astronomer, has been 

awarded the 2009 Gerard P. Kuiper Prize for 

his outstanding contributions to the fi eld of 

planetary science. Owen has been involved 

in many of NASA’s major planetary missions 

over the past 40 years, including the ongo-

ing  Cassini-  Huygens mission to the Saturn 

system. Steven W. Squyres, the Goldwin 

Smith Professor of Astronomy at Cornell Uni-

versity, Ithaca, N. Y., has received the 2009 

Carl Sagan Medal for excellence in public 

communication. Squyres, who has partici-

pated in a number of planetary spacefl ight 

missions, currently is scientifi c principal 

investigator for the Mars Exploration Rover 

Mission and is a coinvestigator on the Mars 

Express mission and the Mars Reconnais-

sance Orbiter’s High Resolution Imaging Sci-

ence Experiment.

In Memoriam
William E Hanson, 98, 7 September 

2009, Volcanology, Geochemistry, and 

Petrology, 1947

Robert T. Williams, 71, 7 October 2009, 

Marine Geochemistry, 2008
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