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enjamin Hmiel dons a heavy win-
ter coat and gloves to step into the 
walk-in freezer at Vasilii Petrenko’s 
Ice Core Lab in Hutchison Hall. The 
extra layers of clothing are vital lab 
accoutrements: the freezer is lined 
with stacks of ice cores that Hmiel, a 
PhD candidate in earth and environ-
mental sciences; Petrenko; and oth-
er scientists in the lab have collected 
from yearly expeditions to Antarctica 
and Greenland. Once back in Roches-

ter, the ice cores—cylinders of ice 10 inches in diameter 
and weighing up to 80 pounds—are kept at Arctic-like 
temperatures of minus 26 degrees Celsius (minus 14.8 
degrees Fahrenheit) while researchers use them to study 
climate change.

“Antarctica is actually really nice because it’s super 
sunny, and your body gets used to the cold,” Hmiel says. 
“Most of the time, the weather in the field isn’t as miser-
able as it is in this freezer in Rochester.”

Stepping into the freezer is like stepping into a time 
machine: contained within the ice cores is air dating back 
as far as 50,000 years. Because it contains greenhouse 
gases from a time before human emissions complicated 
the picture, the ancient air offers scientists clues to fu-
ture climate patterns.

“The main goal in our lab is to understand processes 
in the earth’s atmosphere that can help us predict the 
future climate,” says Petrenko, an associate professor of 
earth and environmental sciences. “A lot of what we do 
is looking in the earth’s past because this allows us to see 
how the chemical composition of the atmosphere has 
been changing over large stretches of time.”

Petrenko’s most recent research focuses on methane, 
a powerful greenhouse gas second only to carbon diox-
ide in its contribution to human-driven global warming. 
Today’s atmosphere contains methane that is emitted 
naturally—from wetlands, wildfires, or ocean and land 
seeps—and methane emitted from human activities like 
fossil fuel extraction and use, rice agriculture, raising 
livestock, and generating landfills.

In a study released this fall, Petrenko analyzed meth-
ane from 12,000 years ago during the last deglaciation, 
when Earth was transitioning out of the last ice age. 
At that point in geological history, global surface tem-
peratures were rising naturally with spurts of rapid re-
gional warming in areas like the North Atlantic Ocean. 
Although climate patterns in the future may not exactly 
mimic those conditions, the period of warming allowed 
Petrenko to reveal an important piece of the climate puz-
zle: natural methane emissions from ancient carbon res-
ervoirs are smaller than researchers previously thought.

The discovery has two crucial implications for the fu-
ture of climate change. One is that the risk that future 
global warming will trigger methane release from these 
large natural reservoirs of old carbon seems to be low. But 
Petrenko also found that humans 

DEEP FREEZE: Petrenko holds a sample of ancient ice, up 
close (previous page) and in his Ice Core Lab in Hutchison Hall 
(right). By extracting air from the ice samples and analyzing 
its methane, the environmental scientist finds insights into 
the past, and possible future, of climate change.

J. ADAM FENSTER

Continued on page 44
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A few of the one-meter ice 
samples are shipped to 
Rochester’s Ice Core 
Lab. Most are melted 
on site to recover 
the air trapped 
inside.

Going Deep 
As researchers drill deeper, they go 
further back in time. The vertical 
scale is increasingly compressed by 
the accumulated weight of the ice.

Blue Ice Drill
Used by the Rochester teams, the drill is designed 
to take 10-inch-diameter ice cores at depths down 
to about 100 meters. With it, two operators can 
drill about 10 to 20 meters of ice cores in a day.

Greenhouse gas levels are higher 
today than at any point in the last 
800,000 years; carbon dioxide 
levels measure 404 parts per 
million, methane levels 1850 parts 
per billion.

Beginning of the Industrial 
Revolution: humans began 
emitting more greenhouse gases 
into the atmosphere through 
increased fossil fuel extraction and 
use.

Start of the relatively warm, 
stable natural climate of the Holo-
cene, the current geological epoch: 
early human agriculture began and 
carbon dioxide levels were at 270 
parts per million and methane was 
at 500 parts per billion.

The Younger Dryas period, focus 
of Petrenko’s latest research: 
Earth was transitioning out of the 
last ice age and global surface 
temperatures were rising naturally 
with spurts of rapid regional 
climate change.

 
Earth’s climate record is preserved in the deep freeze of its polar regions. Tiny bubbles, trapped 
in the ancient ice sheets that blanket Greenland and Antarctica, contain air samples up to 
hundreds of thousands of years old. To investigate long-term processes in the atmosphere, the 
University’s Ice Core Lab sends yearly expeditions to collect ice cores and then analyzes the 
greenhouse gases they contain. Besides offering a clearer picture of the past, the research may 
also offer a glimpse of future climate patterns—and humanity’s effect on them.

UNIVERSITY OF ROCHESTER ICE CORE LAB (ICE CORES)

Coldest time of the last ice age: 
Rochester was covered by more 
than 1 mile—greater than 1,500 
meters—of ice

Current ice drills have reached 
more than two miles below the 
surface.

0 meters, 2017 CE
75 meters, 1750 CE

1,800 meters
10,000 years ago

2,000 meters
12,000 years ago

2,500 meters
20,000 years ago

3,200 meters
Up to 800,000 

years ago
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STEVE BOERNER (ILLUSTRATION); UNIVERSITY ICE CORE LAB (SUMMIT CAMP);  
ELI DUKE/WIKIMEDIA COMMONS (TAYLOR GLACIER); NASA (EARTH SURFACE IMAGE MAPS)

Polar Opposites
Earth’s oldest and largest ice sheets cover 
Greenland and Antarctica and, near the South 
Pole, reach depths of almost 4,000 meters. 
Since 2011, the University has sent annual 
expeditions to Summit Station and 
Taylor Glacier to collect ice cores 
from both regions.
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What is it like to conduct research in one  
of the coldest, most remote places on Earth?
Not surprisingly, it’s not for the faint of heart.

Vasilii Petrenko, an associate professor of earth and environmental sciences, 
and members of his lab—including current members Peter Neff, a postdoctoral 
associate, and PhD candidates Michael Dyonisius, Benjamin Hmiel, and Philip 
Place—collect ice core samples during annual expeditions to Greenland and 
Antarctica.

Antarctica has extreme seasons: summer is characterized by several months of 
24 hours of daylight, while winter has several months of 24-hour total darkness. 
Most expeditions last from mid-November through January, during the middle 
of Antarctica’s summer, when temperatures hover between 0 and 30 degrees 
Fahrenheit.

To get to the site, the researchers first fly on commercial planes to Christchurch, 
New Zealand. Next is a five-hour ride on a tightly packed US Air National Guard 
cargo jet to McMurdo Station, the research center supported by the US Antarctic 
Program, a branch of the National Science 
Foundation. Finally, a helicopter takes the group 
to the field site on Taylor Glacier. From then 
on, virtually their only contact with the outside 
world is through the helicopter pilots who peri-
odically bring supplies.

“It’s very focused and simplifying when you 
are out on the ice,” Neff says. “When you are 
there, you have a very specific goal: to get sam-
ples and get home safely. You’re putting your 
normal life largely aside.”

“It’s like science nerd camp,” Petrenko says. 
“We eat, sleep, and work. But, everyone usually 
has a good time. Taylor Glacier is such a pictur-
esque location with big mountains and lots of ice 
and ice falls. It’s extremely quiet and peaceful.”

Compared to the vastness of the glacier, the 
field camp itself is very basic: small individual 
tents for sleeping, a cook tent with two-burner 
camp stoves, two bathroom tents, and two 
large tents housing the field lab equipment. 
Researchers get electricity via consumer-grade generators, collect drinking water 
by melting ice, and typically wear earplugs at night to drown out the near-constant 
howling of the wind. They dress in multiple layers of “extreme cold weather” gear, 
including heavy parkas issued at McMurdo Station and boots with special treads to 
aid in walking on the uneven ice.

Teams work the night shift, when the sun goes behind the mountain range, 
beginning around midnight and ending around 11 a.m. The main impetus for such 
hours is the ice drilling: the drill performs better under colder conditions.

“During peak summer it can get a little warm during the day, and the ice can 
actually start to melt,” Petrenko says. “That’s really bad because if there’s water on 
the drill, it can freeze to the walls of the hole, and then the drill gets stuck.”

The unpredictability of the weather itself presents its own challenges for 
researchers.

“For me, the weather is one of the most challenging aspects of fieldwork,” Neff 
says. “If you’re not trapped out in the blowing snow, it has you hunkered down in 
your tent just waiting it out—and hoping the tent survives. Bad weather delays 
fieldwork, delays flights, and is just generally very frustrating if you don’t develop 
some Zen-like patience.”

This “Zen-like patience” also helps researchers deal with other camp incon-
veniences, such as the lack of internet and running water. And, consequently, no 
showers: “If each season is seven weeks long, that means you don’t shower for 
seven weeks,” Petrenko says. “Despite that, or maybe because of these things, 
there’s a nice camaraderie that develops. It’s our polar family.” —Lindsey Valich

appear to be contributing more 
methane to the atmosphere through fossil fuel use and 
extraction than scientists previously believed.

“The good news is, we have more power than we real-
ized to fight global warming,” Petrenko says. “We do not 
need to worry as much about the natural methane seeps 
into the atmosphere. But we do need to be concerned 
about man-made methane emissions.”

cientists have a good idea of how much total meth-
ane is in the atmosphere and how the total has 
changed over the last few decades. But separating 
the natural and anthropogenic sources and esti-

mating how much humans emit is more difficult.
“We know rather little about how much methane 

comes from different sources and how these have been 
changing in response to industrial and agricultural ac-
tivities or because of climate events like droughts,” says 
Hinrich Schaefer, an atmospheric scientist at the Nation-
al Institute of Water and Atmospheric Research (NIWA) 

in New Zealand, who collaborates with Petrenko. “That 
makes it hard to understand which sources we should 
target specifically to reduce methane levels.”

Researchers can use measurements of different iso-
topes of methane (methane molecules with atoms of 
slightly different mass) to fingerprint some of the sources. 
But even this approach doesn’t always work because the 
isotope “signatures” of some sources can be very similar. 
For instance, fossil methane is methane emitted from an-
cient hydrocarbon deposits, typically found at sites rich 
in fossil fuels. Fossil methane that leaks naturally from 
these sites—“geologic methane”—has an isotope signa-
ture that’s identical to the fossil methane emitted when 
humans drill gas wells.

For decades, scientists used “bottom-up” methods 
to estimate methane emission levels. That meant, for 

ICE CAMP: It’s summer in Antarctica when Rochester Ice Core 
Lab researchers and their international colleagues arrive 
at Taylor Glacier (above) to spend seven weeks collecting 
ancient samples of ice and extracting the gases trapped 
within. “It’s very focused and simplifying,” says postdoctoral 
associate Peter Neff, of the spartan adventure (opposite).

Continued from page 40
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example, traveling the globe to the various natural emis-
sions sources—such as wetlands and land seeps—and 
conducting measurements and calculations of the meth-
ane emitted. These methods resulted in uncertainties, 
in part because it was impossible to measure all of the 
emissions sites, and scientists were therefore required 
to make assumptions about the quantity and strength of 
the sources. That opened up more room for error; Pet-
renko estimates that previous natural geological meth-
ane approximations were way too high, by a factor of at 
least three.

“Our measurements are different because they are top-
down, measuring the atmosphere instead of the direct 
sources, at a time 12,000 years ago,” Petrenko says. “Go-
ing back before any anthropogenic activities—before the 
Industrial Revolution—simplifies the picture and allows 
us to estimate natural geologic sources more accurately.”

Humans did not begin using fossil fuels as a primary 
energy source until the Industrial Revolution in the 18th 
century. Previous studies suggest that natural geologic 
methane emissions of the past are at least as 
high as natural emissions today, so studying 
the ancient ice cores allows researchers to 
accurately determine the upper limit of geo-
logic emissions, separate from their anthro-
pogenic counterparts.

ntarctica in the south and Greenland 
in the north have the oldest and big-
gest ice sheets in the world. Together, 
these ice sheets offer researchers a 

comprehensive record of Earth’s climate his-
tory and play an important role in the fu-
ture of the global climate system. Because 
there is so much water contained within the 
ice, as the ice melts, researchers estimate 
it could cause an alarming sea level rise af-
fecting hundreds of millions of people along 
global coastlines.

Every year that it snows in Antarctica, the 
new snow layer weighs on the previous lay-
er, compacting over hundreds or thousands of years to 
eventually form layers of ice. When enough snow falls, 
researchers can drill down and determine the time pe-
riod based on the layers, much like counting rings on a 
tree. The ice layers contain air bubbles, which are like 
tiny time capsules; using melting chambers and vacuum 
pumps in the field, researchers are able to extract the an-
cient air contained within the bubbles.

Most of the ice cores Petrenko uses in his methane re-
search are from Taylor Glacier. It takes about one metric 
ton (2,200 pounds) of ice to get one nine-gallon canister 
of air. And extracting enough ice to get those nine gal-
lons can take four field scientists three full days of work. 
The researchers ship only a few unprocessed ice cores, 
plus the air canisters, back to the Ice Core Lab—as well 
as other destinations around the world. “Since we col-
laborate with international labs, these air canisters are 
really well traveled,” Hmiel says. 

When the air finally arrives in Rochester, the research-
ers must further process it in order to study the specific 
components, such as methane. To separate the air into its 
components, they run it through an extraction line that 
removes compounds like water vapor. The air is then 

directed into a furnace where the methane combusts to carbon dioxide. The car-
bon dioxide is trapped, purified, and sealed into small glass tubes.

The best way to estimate the magnitude of fossil methane emissions is by us-
ing measurements of methane isotopes, such as carbon. Petrenko determined 
fossil methane levels in his latest study by using the carbon-14 isotope of meth-
ane—the first such study to do so. His results showed that levels of methane 
were three to four times lower than previous estimates. If the natural geologic 
methane emissions are lower than previously thought, the anthropogenic fossil 
methane emissions must be higher than previously thought—Petrenko estimates 
by 25 percent or more.

Scientists have also raised the possibility that global warming could release 
methane from very large ancient carbon reservoirs such as permafrost and gas 
hydrates—ice-like forms of methane in the sediments at the bottom of the ocean—
that become less stable as temperatures increase. If climate change were to trigger 
large emissions of methane to the atmosphere from these old carbon reservoirs, 
the result would be even more warming. However, Petrenko found that the grad-
ual, natural global warming and rapid regional warming that characterized the 
deglaciation 12,000 years ago—events that were in some aspects comparable to 
the current human-driven global warming—did not trigger detectable releases 
of methane from these reservoirs.

When it comes to predicting the future course of climate change, therefore, 
“these kinds of scenarios regarding natural methane are not as important to take 
into account,” he says. “However, this point is to be taken with caution because 
modern warming is different from warming at the end of the last Ice Age. Our 
global temperatures right now are not within the natural cycle. We never went 
anywhere near as high as today at any point during the last deglaciation.”

n November 2018, Petrenko and members of his lab plan to return to Ant-
arctica to collect ice cores. This time, they’ll try to answer the broader ques-
tion of how the large-scale chemistry of the atmosphere has changed since 
pre-Industrial times.

The data will be especially useful to colleagues such as Lee Murray, an assistant 
professor of earth and environmental sciences, who builds computer models to 
predict future changes in atmospheric chemistry. Petrenko will collaborate with 
Murray on the project as well as on an additional study of the factors affecting 
the ability of the atmosphere to cleanse itself.

Hmiel and other members of the lab envision that their research may also help 
inform public discourse regarding a more sustainable future.

“We’re not trying to solve the green energy problem,” Hmiel says. “But our 
work can be a catalyst for showing people that things like fossil fuel use and green-
house gas emissions are a problem and that we need to switch to greener sources. 
Every year that we continue with business as usual, it’s going to be harder to meet 
target climate goals. Realistically, we needed to start changing decades ago.”r
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