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Greenland aquifer properties
measured for the first time

A dozen meters beneath the surface of
the southeastern Greenland Ice Sheet is an
aquifer that holds roughly as much water as
Israel’s Dead Sea. The unconfined aquifer
occupies about 980 cubic kilometers of
Greenland’s porous firn, snow that is more
than a year old but has not yet compacted
to ice. Were the aquifer to drain into the
ocean, the water could cause as much as
0.4 millimeter of global sea level rise. Koenig
et al. build on their 2011 discovery of the
aquifer and report the first attempts to
directly measure its properties.

During previous research, the authors
collected two core samples from the firn
beside and above the aquifer but could not
drill into and sample the aquifer itself. For
the present research, the authors drilled into
the reservoir for the first time, measuring the
density and studying how the temperature
of the stored water and the depth of the water
table changed over the course of a year or
more.

Their data shows that the aquifer is
fed by meltwater percolating down from
the surface of the ice sheet. The water is

Mountain forests’ root growth
stabilize atmospheric CO,

Throughout Earth’s history, carbon
dioxide (CO;) has been released and
sequestered from the atmosphere in
cycles that profoundly influence global
climate. One of the processes depleting
the atmosphere of CO; is silicate rock
weathering—chemical reactions that even-
tually combine atmospheric CO, with
calcium or magnesium and remove it from
the atmosphere.

Tree roots and their symbiotic relation-
ship with fungi are thought to play a role
in such weathering and thus can influence
CO; concentrations and climate. Previous
research has studied this phe-nomenon in
temperate forests, but until now, no one has
quantified how root systems in montane
tropical forests influence weathering.

Doughty et al. present the first evidence
of a feedback relationship between
temperature and biotic weathering in which

Verifying intercalibration
of solar proton sensors

Energetic protons emitted in bursts from
the Sun pose a potential hazard for space-
craft, satellites, humans in space, and aircraft
at high latitudes. Researchers have now ver-
ified that a set of sensors used to measure
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Sheet in April 2013.

insulated by high annual snowfall and stays
in the liquid phase despite the sub-freezing
surface temperatures. Though the presence
of liquid water beneath the glacier’s surface

the warmer the climate, the more prone
rocks are to being broken down by root sys-
tems. The researchers believe this
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A scientist takes radar measurements to detect liquid water stored within the Greenland Ice

is not uncommon in mountain glaciers, the
Greenland aquifer is larger and seemingly
more stable. (Geophysical Research Letters,
doi:10.1002/2013GL058083, 2013) —CS

globally, as temperatures rise and the
organic layer of soil shrinks, weather-
ing by mountain root systems is greatly

process is medi-
ated by the depth
of the top—or
organic—layer
of soil. Montane
tropical root
systems are
especially impor-
tant: Given the
abundance of sil-
icate minerals in
montane systems
and the high tem-
peratures found
in tropical forests,
they may contribute significantly to buff-
ering changing CO; concentrations in the
atmosphere.

The authors combined field data from
test plots in the Peruvian Andes with
known weathering models and found that
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solar proton events are correctly intercali-
brated to provide early warning of the events.
Since the 1970s, the Geostationary Opera-
tional Environmental Satellites (GOES) have
measured solar protons using energetic par-
ticle sensors (EPS). Starting with GOES 4
(launched in 1980), the EPS devices on the
GOES series of satellites have all used the
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Researchers measured fine root growth and
organic layer thickness over several years in
this valley in the southern Peruvian Andes.

enhanced. They
applied their models
to simulations of
past climates dur-
ing the Cenozoic
when CO; concentra-
tions changed rap-
idly, either because
of volcanic eruptions
or continental uplift,
and found that moun-
tain root systems
could have exerted a
significant stabilizing
force on atmospheric
CO,. The authors note that this research
highlights a previously overlooked role
that the organic layer of soil could play in
influencing climate. (Geophysical Research
Letters, doi:10.1002/2013GL058737, 2014)
—JW

same design and have become a standard
tool for providing alerts of radiation hazards.
On the basis of solar wind pressure,
Rodriguez et al. identified environmental con-
ditions during which the solar proton detec-
tors could be expected to measure the same
flux, creating suitable conditions for inter-
calibrating the devices. They analyzed data



from particle sensors from GOES 8 through
GOES 15 and found that the relative responses
of the detectors all agree within 20%—and
sometimes better than 1%—indicating that
the sensors are correctly intercalibrated.

The authors note that the results “affirm
the long-held confidence in the consistency
of the long series of EPS solar proton mea-
surements, including the current (and
final) GOES-13-15 series [of EPS], for real-
time space weather alerts issued in the
interest of human and spacecraft safety.” This
method will be used for intercalibrating the
GOES-R successor to EPS. (Space Weather,
doi:10.1002/2013SW000996, 2014) —EB

New algorithm to improve
earthquake early warning systems

When a fault line ruptures, seismic waves
race out from the earthquake epicenter.
Compressional seismic waves, known as pri-
mary (P) waves, travel fastest. Shear waves—
secondary (S) waves—travel more slowly
but are the source of the bulk of earthquake-
induced damage. Using the opportunity
afforded by the difference in travel times bet-
ween these two types of waves, researchers
have begun to design and implement earth-
quake early warning systems.

To calculate the properties of an earth-
quake that is just seconds old, these early
warning systems analyze the first few sec-
onds of P waves arriving at seismic monitor-
ing stations. Pulling observations from
multiple monitoring stations enables the cal-
culation of the earthquake’s location, and
analyzing the P waves’ properties gives a
way to estimate the earthquake’s magnitude.
Exactly which properties of a P wave to mea-
sure to best derive a magnitude estimate,
however, is a matter of ongoing research.

For the California Integrated Seismic Net-
work’s warning system, magnitude estima-
tion is done three different ways, using three
different algorithms and three sets of input
variables. These approaches each use mea-
sures of the P waves’ amplitude and fre-
quency. In a new study, however, Kuyuk
and Allen found that in this case, less is more:
A new algorithm that relies solely on the
P waves’ vertical amplitude can estimate
earthquake magnitude with strong statistical
reliability, outperforming the other tech-
niques. (Geophysical Research Letters,
doi:10.1002/2013GL058580, 2013) —CS

Quartz-in-garnet samples reveal
conditions within subduction zones
In subduction zones, seismic activity is
dictated, to some extent, by the specific
dynamics of the subsurface, including the
depths to which rocks dove during subduc-
tion, the path that brought them back to
the surface, and the mineral reactions they
experienced along the way. The way to best
understand these details requires either
directly or indirectly measuring the depth of
subduction and the mechanisms and rates
of both subduction and exhumation.
Geothermometers are minerals that
through changes in their properties, record
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the temperature at which they were formed.
When exhumed rocks are studied, geo-
thermometers can provide a reliable measure
of metamorphic temperatures at depth. Sim-
ilarly, geobarometers track pressure, but few
good geobarometer candidates are known
for studying depths below 50 kilometers—
depths often reached during subduction.

From samples collected on the Greek
island of Sifnos, Ashley et al. have applied
a novel geothermobarometer, a mineral
system that can record the temperature and
pressure of formation at the depths of the
now-exhumed Sifnos subduction zone.

The key to the authors’ goethermobarom-
eter is that it requires two minerals with con-
trasting properties. At depth, quartz can
become enclosed within garnet, essentially
sealing it off from the outside environment.
As the complex is exhumed, most quartz
crystals begin to expand under the dropping
pressure, losing all record of their former
high-pressure history.

The quartz trapped inside garnet, how-
ever, cannot so easily expand and thus
records something close to the pressure at
which it was included in the garnet. Spectro-
scopic analysis of the quartz inclusion and
calculations to compensate for some slight
relaxation of the garnet shell provide a way
to measure both the temperature and the
pressure at the depth at which the quartz
was enclosed in the garnet. (Geochem-
istry, Geophysics, Geosystems, doi:10.1002/
2013GC005106, 2013) —CS

New method to estimate variability
in groundwater volumes

As the warming climate and increasing
population put stress on the world’s water
supply, it has become increasingly impor-
tant to have a global understanding of how
groundwater volumes vary from season to
season and from year to year. Current global
hydrological models do not include lateral
groundwater flow, which plays a significant
role in providing water to plants and in
recharging lakes, rivers, and streams.

Using an existing hydrological model
that includes lateral groundwater flow,
Sutanudjaja et al. show that remotely sensed
soil moisture data can be valuable for pre-
dicting groundwater dynamics. The research-
ers found that at a local level such combined
models predicted groundwater dynamics
with acceptable accuracy. They note that this
method could be scaled up to provide more
accurate information about groundwater
variability, availability, and reserves across
the globe. (Water Resources Research,
doi:10.1002/2013WR013807, 2014) —JW

Insight into overturning circulation
measurements from southern Atlantic

The Atlantic Meridional Overturning Circu-
lation (AMOC) is a major component of global
ocean circulation and thus has a profound
effect on global climate.The AMOC transports
warm, salty water from tropical regions north-
ward on the surface and cool, fresher water
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southward as deep water. Although much
effort has concentrated on examining AMOC
dynamics in the easily accessible north, few
studies have ventured south.

Meinen et al. present the first continuous
observations of AMOC from the southern
Atlantic at a latitude of 34.5°S. The authors
measured density, temperature, salinity,
and other characteristics of AMOC to de-
termine the volume of water transported
daily. Although the time period of approxi-
mately 20 months was relatively short for this
type of data collection, the authors were able
to determine factors that caused variability
of volume of transport at that latitude.

For periods shorter than 20 days, the
authors found that variability depended
on wind forcing, whereas periods between
20 and 90 days were affected more by geo-
strophic forces—the balance between water’s
tendency to flow to low-pressure areas and
forces from Earth’s rotation pushing back.
With the collected data, scientists will be
able to build a more complete picture of
AMOC, both at this latitude and as a whole.
(Journal of Geophysical Research: Oceans,
doi:10.1002/2013JC009228, 2013) —JW

Hot Pliocene climate explained
by ozone and aerosol emissions

The Pliocene (5.3 to 2.5 million years ago)
is an extensively studied epoch because
its hot, wet climate can serve as a possible
analog for what might happen if today’s
atmospheric carbon dioxide (CO,) concen-
trations rise unchecked. During the Pliocene,
the two main factors believed to influence the
climate—atmospheric CO; concentrations and
the geographic position of the continents—
were nearly identical to modern times. But cli-
mate scientists have long puzzled over why the
Pliocene’s global temperatures were so much
warmer than Earth’s preindustrial climate.

Unger and Yue present the first evidence
that ozone (O3) and carbon aerosols con-
tributed to the high temperatures of the
Pliocene. The authors used an Earth system
model to simulate the release of volatile
organic compounds from Earth’s forests and
smoke from wildfires 3 million years ago
and found that the O3 and aerosols pro-
duced from these emissions may have had
a far greater impact on global warming
than ancient atmospheric levels of CO..
According to their findings, the higher level
of global vegetation cover during the Plio-
cene compared to the preindustrial period
was the dominant driver of the higher forest
and fire emissions during the Pliocene—and
of the subsequent effects on climate.

The research provides evidence that
dynamic atmospheric chemistry played an
important role in past warm climates, under-
scoring the complexity of climate change
and the relevance of natural chemical
emissions. (Geophysical Research Letters,
doi:10.1002/2013GL058773, 2014) —JW
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