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New Radar Interferometric Time 
Series Analysis Toolbox Released

Interferometric synthetic aperture radar 
(InSAR) has become an important geodetic 
tool for measuring deformation of Earth’s 
surface due to various geophysical phenom-
ena, including slip on earthquake faults, sub-
surface migration of magma,  slow-  moving 
landslides, movement of shallow crustal flu-
ids (e.g., water and oil), and glacier flow. 
Airborne and spaceborne synthetic aper-
ture radar (SAR) instruments transmit micro-
waves toward Earth’s surface and detect 
the returning reflected waves. The phase of 
the returned wave depends on the distance 
between the satellite and the surface, but 
it is also altered by atmospheric and other 
effects.  InSAR provides measurements of 
surface deformation by combining ampli-
tude and phase information from two SAR 
images of the same location taken at differ-
ent times to create an interferogram. Several 
existing  open-  source analysis tools [Rosen 
et al., 2004; Rosen et al., 2011; Kampes et al., 
2003; Sandwell et al., 2011] enable scientists 
to exploit observations from radar satellites 
acquired at two different epochs to produce 
a surface displacement map.

The past decade has seen the develop-
ment and verification of numerous algo-
rithms that combine phase information from 
multiple radar interferograms to produce 
internally consistent time series of land sur-
face deformation [e.g., Ferretti et al., 2001; 
Berardino et al., 2002;  López-  Quiroz et al., 
2009; Hetland et al., 2012]. Combining mul-
tiple interferograms allows detection and 
quantification of both secular and transient 
displacements. These methods also help to 
mitigate the effects of change in scatterer 
properties and phase delay introduced by 
the atmosphere between SAR acquisitions, 
resulting in measurements of surface defor-
mation with subcentimeter accuracy.

A new repeat interferometry time series 
analysis toolbox, Generic  InSAR Analysis 
Toolbox ( GIAnT) 1.0, was released in Decem-
ber 2012.  GIAnT 1.0 is a  user- friendly, open-
source, documented framework for rapid gen-
eration of time series of surface displacement 
using  InSAR data.  GIAnT 1.0 includes numer-
ous published time series techniques, in 
some cases with improvements, allowing geo-
physicists to efficiently analyze the large and 
 ever-  increasing archive of SAR data acquired 
over the past 2 decades as well as allowing 
scientists to test the sensitivity of results to dif-
ferent analysis approaches.

A typical processing chain for generat-
ing  InSAR time series products consists of 
(1) assembling a stack of  phase-  unwrapped 
interferograms; (2) optionally applying 
corrections, also known as atmospheric 
phase screens (APS), to mitigate the differ-
ential path delay effects due to the strati-
fied atmosphere; (3) optionally estimating 
residual  long-  wavelength errors (e.g., due to 

imprecise orbits) empirically or through the 
use of other prior information such as sur-
face displacement fields provided by dense 
GPS networks; and (4) estimating time series 
of  line-  of-  sight displacements and resid-
ual turbulent APS using one of several time 
series analysis methods.

GIAnT 1.0 addresses steps 2 to 4 in the 
processing chain and includes implementa-
tions of various time series analysis meth-
ods for step 4, while allowing users to imple-
ment step 1 using their favorite processing 
tools [e.g., Rosen et al., 2004; Rosen et al.,  
2011; Kampes et al., 2003; Doin et al., 2011; 
Sandwell et al., 2011].

GIAnT 1.0 enables mitigation of the effects 
of signal delays due to the stratified tropo-
sphere in each interferogram using either an 
empirical approach or estimates from global 
atmospheric models. Empirical estimates 
are based on the evaluation of the depen-
dency of interferometric phase on topogra-
phy and the stratification of the lower atmo-
sphere [e.g., Lin et al., 2010]. Alternatively, 
global atmospheric models provide daily 
estimates of atmospheric variables, includ-
ing temperature, pressure, and water vapor 
partial pressure, which in turn can be used 
to derive the phase delay related to spa-
tial and temporal variations in the refrac-
tivity index of air [e.g., Jolivet et al., 2011]. 
 GIAnT 1.0 implements atmospheric cor-
rections as a  stand-  alone Python module 
named  PyAPS ( Python-  based Atmospheric 
Phase Screen) and includes support for auto-
matic download of meteorological data 
sets (European Centre for  Medium-  Range 
Weather Forecasts (ECMWF)  Re-Analysis 
(ERA) Interim, North American Regional 
Reanalysis (NARR), and  Modern-  Era Retro-
spective Analysis for Research and Applica-
tions ( MERRA)). GIAnT 1.0 can optionally 
correct each interferogram from residual 
orbit errors by removing a simple paramet-
ric function determined empirically or using 
 GPS-  derived time series of displacements or 
velocities. All corrections are consistently 
applied within a given interferometric data 
set and generally increase the  signal-  to-  noise 
ratio of inferred time series.

GIAnT 1.0 implements four existing 
InSAR time series approaches, and new 
ones are easily added to the toolbox. These 
approaches are the Small Baseline Subset 
(SBAS) [Berardino et al., 2002], the New-
SBAS (NSBAS) [ López-  Quiroz et al., 2009], a 
temporally parameterized inversion (Time-
Fun), and the Multiscale Interferometric 
 Time-  Series (MInTS) [Hetland et al., 2012] 
algorithms. In SBAS and NSBAS algorithms 
the temporal evolution of the phase is 
derived assuming each interferogram is the 
linear combination of each SAR acquisition’s 

Beyond Point Measurements: 
Sea Ice Floes Characterized in 3-D

A new methodology for coincident floe-
scale measurements of the surface eleva-
tion, snow depth, and ice draft (the thick-
ness below the water line) of Antarctic sea 
ice has been demonstrated during two recent 
research voyages: the  Australian-  led Sea 
Ice Physics and Ecosystem Experiment II 
( SIPEX II) to East Antarctica in  September– 
 November 2012 and the United Kingdom–led 
Ice Mass Balance in the Bell ings hausen Sea 
(ICEBell) voyage to the Weddell and Bellings-
hausen Seas in November 2010 (Figure 1a).

This methodology centered on the use 
of a  SeaBED-  class autonomous underwa-
ter vehicle (AUV; Figure 1b) from the Woods 
Hole Oceanographic Institution (WHOI), 
equipped with a swath multibeam sonar to 
obtain the first  high-  resolution geolocated 
 three-  dimensional ( 3-D) maps of Antarc-
tic sea ice draft. Coincident,  high-  resolution 
 3-D measurements of snow and ice surface 
morphology were obtained using terrestrial 
laser scanners (TLS) and an automated snow 
probe (Figure 1d). Together, these data pro-
vide a complete and coincident character-
ization of the floe’s snow surface, ice surface, 
and ice bottom. Such data move beyond tra-
ditional  point-  based measurements, provid-
ing a wealth of additional information on the 
spatial variability of sea ice characteristics 
such as ridging, snow accumulation, and free-
board (the height of ice above the water line).

The Need for In Situ  Floe-  Scale Characterization

Traditionally, sea ice voyages have predom-
inantly featured  on-  ice experiments (ice sta-
tions) collecting point measurements such as 
ice core sampling or drill lines of about 100 or 
so drill holes. The limited scope of these mea-
surements has made comparison with meth-
ods that can monitor large spatial extent—
such as airborne or satellite surveys—difficult. 

Moreover, logistical and technical chal-
lenges have made direct measurement of 
 under-  ice characteristics and processes par-
ticularly difficult to obtain except at a few 
isolated locations. Detailed observations of 
spatial variations in ice thickness, an under-
standing of the processes that cause and are 
affected by this variability, and the influence 
of this variability on sea ice biogeochemistry 
and ecology remain particularly elusive.

Simultaneous and coincident mapping of 
both the upper and lower surfaces of individ-
ual floes is needed to capture the morpho-
logical relationships between the ice and 
snow cover. To meet these needs, the new  3-D 
data sets will inform and provide spatial con-
text to a variety of studies, including satellite 
and airborne efforts to remotely determine 
 large-  scale sea ice and snow thicknesses (e.g., 
NASA’s Ice, Cloud, and land Elevation Satellite 
( ICESat) and IceBridge missions [Koenig et al., 
2010]), the effect of ice deformation on sea ice 
volume, and  process-  based biological and bio-
geochemical measurements and models.

 Floe-  scale surveys provide the richness 
of a complete spatial characterization of 
the sampled ice floe while at the same time 
offering versatility of integration with a wide 
variety of process studies. Such surveys can 
be scaled up to provide a direct comparison 
for airborne surveys, which bridge the gap 
between in situ and  large-  scale satellite esti-
mates of sea ice thickness. In addition,  floe- 
 scale measurements can be downscaled to 
smaller scales, such as those necessary in 
biological studies of sea ice algal distribution.

Measuring the Underside of Ice

AUVs have recently opened the door 
to detailed measurements of the spatial 

Fig. 1. An example of data obtained at a typical ice station during Sea Ice Physics and Ecosystem 
Experiment II (SIPEX II). (a) Location of ice stations during the SIPEX II and Ice Mass Balance 
in the Bellingshausen Sea ( ICEBell) research voyages. (b) The Woods Hole Oceanographic Insti-
tution (WHOI)  SeaBED- class autonomous underwater vehicle (AUV) Jaguar (~2 meters long) 
being deployed during SIPEX II. (c) Aerial photograph of an ice station from SIPEX II overlaid 
with AUV (300- × 300-meter, red track) and surface measurement (100- × 100-meter, yellow points 
and blue line) grids. (d) Corresponding ice floe maps that show, from top to bottom, snow sur-
face (meters) from terrestrial laser scanners, with height relative to sea level; ice surface (meters) 
from MagnaProbe relative to sea level, corresponding to ice freeboard; and ice draft (meters) 
from AUV multibeam sonar relative to sea level, colocated using the GPS and total robotic station 
(TRS) reference grid described in the text.  Note the varying vertical scale between surfaces.

Toolbox  cont. on page 70
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variability of sea ice draft using multibeam 
sonars [Wadhams et al., 2006]. A vehicle with 
advanced navigational capability and easy 
deployment and recovery is essential when 
operating in a compact sea ice cover. The 
WHOI  SeaBED-  class AUV offers great flex-
ibility in sensor integration, deployment, and 
operation. Its  twin-  hulled design and  three- 
 thruster layout provide a stable and highly 
maneuverable platform for deployment and 
recovery through small openings in the sea 
ice. An acoustic link between the AUV and 
the ship provides vehicle and mission progress 
information and the ability for operators to 
direct the vehicle to open water for recovery.

Operating at a depth of 20 to 30 meters 
and driving in a lawnmower pattern with 
overlapping swaths, a  245-kilohertz Imagenex 
multibeam sonar mounted on the AUV pro-
vided ice draft maps with a horizontal reso-
lution better than 0.25 meter. This resolu-
tion enables the discrimination of individual 
ridge keels and rafted ice blocks in the result-
ing map. The AUV missions (up to 6 hours 
for a 400- × 400-meter grid) efficiently return 
preliminary maps of the underside of the ice 
floe that can inform other  on-  ice experiments 
conducted during the ice station.

Measuring the Ice and Snow Surface

Complete characterization of ice floe mor-
phology required coincident spatial measure-
ments of the surface topography and snow 
depth at a resolution and accuracy compa-
rable to that of the AUV ice draft maps.  High- 
 precision snow surface topographic informa-
tion was obtained using a portable TLS. By 
acquiring scans from several locations on the 
floe to eliminate scan shade behind ridges 
and other surface features, an integrated  3-D 
elevation model with tens of millions of data 
points for areas of tens to hundreds of meters 
can be achieved. This operation is efficient 
and  cost-  effective, achievable by a single oper-
ator in a few hours. The snow depth distribu-
tion was measured with a GPS snow probe 
( SnowHydro  MagnaProbe) that automatically 
logs snow depth and its position. Although still 
a  labor-  intensive operation, between 1000 and 

2000 snow depths were recorded at spatial  
resolutions of  1–  3 meters in a few hours.

Combining Coincident Spatial Data Sets

The precise coregistration of temporally 
displaced surface and subsurface measure-
ments is important to correct for ice floe drift 
and rotation during the surveys. An advan-
tage of coincident measurements at ice sta-
tions (as opposed to  long-  range AUV or 
airborne surveys) is the relatively straightfor-
ward combination of GPS and total robotic 
station (TRS) measurements. At each ice 
station a  floe-  centric coordinate system was 
established using a TRS to obtain  floe-  local 
coordinates of AUV navigation transpon-
ders, laser scanner targets, and ice thick-
ness drill holes (the latter providing sea level 
reference and coregistration “tie points” for 
the topographic data sets). Precise location 
of the AUV data (<1 meter accuracy) can be 
achieved through a combination of bottom 
tracking, acoustic location, matching of over-
lapping multibeam swaths, and identification 
of ice thickness tie points [Roman and Singh, 
2011]. The snow probe sites were placed in 
 floe-  local coordinates using either the TRS or 
a roving  dual-  frequency GPS to achieve posi-
tioning accuracy of a few centimeters.

Looking Forward

This methodology has delivered the first-
ever complete coincident  whole-  of-  floe mea-
surements of sea ice. Importantly, this was 
achieved at modest cost and with logistics typ-
ical of a standard sea ice voyage, allowing a 
variety of additional sea ice studies to be con-
ducted in concert. Such an approach could 
become standard in future sea ice research 
voyages, with specific AUV capability being 
considered in the operational requirements 
of the next generation of polar icebreakers. 
The success of these  floe-  scale missions could 
pave the way for a new era of field experi-
ments that could eventually explore ocean 
and sea ice processes and phenomena on 
scales up to the mesoscale ( 10–100 kilome-
ters). This increase in scale is important for the 

goal of directly linking in situ data with satel-
lite sensor footprints, sea ice, and coupled cli-
mate model grid cells and ecosystem studies.
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phase value. Additionally, the NSBAS method 
takes advantage of a  user-  defined functional 
form of the phase evolution to overcome 
the issue of missing links in the interfero-
metric network due to temporal and spatial 
decorrelation. The MInTS approach allows 
the characterization of the temporal behav-
ior of surface deformation using a dictionary 
of  user-  defined functions, including linear 
trends, seasonal oscillations, steps, expo-
nential and logarithmic decays, and various 
splines [Hetland et al., 2012]. MInTS also trans-
forms  InSAR observations into the spatial 
wavelet domain and  allows for distinction 
between different spatial scales of deforma-
tion and atmospheric noise. Within GIAnT 1.0 
the temporal inversion component of MInTS 
has also been adapted to the conventional 
nonwavelet approaches ( TimeFun).

Each of these methods includes a data-
driven bootstrapping approach to estimate 
uncertainties associated with time series 
products. While numerous variants of pub-
lished time series algorithms exist,  GIAnT pro-
vides several tools in a simple and efficient 
framework so that users can test a variety of 
techniques and customize their processing 
chain, specific to a given data set. Users are 
encouraged to make their modifications or 
even new algorithms available for inclusion 
in future distributions of  GIAnT. The goal is to 
make  GIAnT an open collaborative environ-
ment for  InSAR time series analysis.

GIAnT 1.0 is primarily an ensemble of 
Python routines but includes an inter-
face for some optimized C and Fortran 90 
routines. GIAnT 1.0 relies extensively on 
numerical Python libraries to develop an 
 object-  oriented, flexible, and generalized 
framework for  InSAR time series applica-
tions. The user manual describes available 
scripts and functions and includes detailed 
instructions for installing the set of prerequi-
site libraries using standard repository man-
agement tools on Linux and OS X platforms. 
The developers are heavy users of  GIAnT for 
their own geophysical projects, and they will 
attempt to fix software bugs as they arise.

GIAnT 1.0 is available from http://  earthdef 
. caltech .edu. The Web site includes details 

regarding access to the  version-  controlled 
software repository and a user discussion 
forum and wiki. Other related packages 
can also be obtained from the same Web 
site. While not designed to match the stan-
dards of a  well-  maintained commercial pack-
age,  GIAnT 1.0 provides a set of tools to be 
used by researchers who need the flexibil-
ity and access to various stages of process-
ing in  InSAR time series applications. Future 
versions of  GIAnT will include support for 
working directly with wrapped interfero-
metric data, persistent scatterer algorithms, 
improved constrained and regularized solv-
ers, automatic correction of elastic ocean 
tidal load response, and direct download 
of APS maps from  third-  party projects. An 
immediate gain from using  GIAnT is the abil-
ity for able and willing users to easily share 
large interferometric data sets in a standard 
format and to compare the performance of 
various time series approaches on any data 
set in a common framework. The rich suite 
of library functions that is distributed with 
 GIAnT 1.0 should also facilitate faster devel-
opment and prototyping of new InSAR time 
series processing algorithms.
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The early twentieth-century German sci-
entist Ludwig Prandtl solved a problem that 
at first sight seems impossible to solve with-
out a computer: What are the shear forces 
exerted on the wing of an airplane during 
flight? The governing equations for this prob-
lem are the  Navier-  Stokes equations, nonlin-
ear partial differential equations for which 
it is not possible to obtain a general ana-
lytic solution. Prandtl solved the problem 
through strong physical insight, by realizing 
that frictional effects of the air on the wing 
are localized within a thin boundary layer, 
with airflow far from the wing behaving as 
if it were an ideal fluid, that is, one of zero 
viscosity. By separating the solution domain 
into a boundary layer and a far field, he was 
able to simplify the equations that describe 
the global domain enough to solve them for 
the case he needed. Even today, many dif-
ficult problems can be usefully approached 
this way, such as problems of buoyant con-
vection adjacent to vertical walls. For a 
good review of these and other successes of 
boundary layer theory, see Bejan [2004].

Earlier (circa 1889), the Austrian scien-
tist Josef Stefan faced a similarly intractable 
problem: If ground that is saturated with liq-
uid water is subjected to a constant freez-
ing temperature at the surface, what is the 
speed of the resulting downward migrat-
ing  ice-  liquid interface? Again, the physics 

is governed by a nonlinear partial differen-
tial equation. However, Stefan realized that 
on each side of the moving  ice-  liquid inter-
face the relevant equations are linear. By 
solving the easier problems on the separate 
sides of the interface and pasting the solu-
tions together, he obtained the solution for 
the whole domain! This solution technique is 
successful in many situations involving prop-
agating interfaces that separate domains 
with distinct physical properties, such as 
penetration of oil into a  water-  filled reservoir 
or crystallization of melt in a magma cham-
ber. For a good review of these and other 
“Stefan” problems, see Rubinstein [1967].

Numerical solutions are, of course, very 
often indispensable. For the purpose of 
this Forum, a numerical solution is defined 
roughly as an approximate, algorithmic solu-
tion to a differential equation, expressed 
as a grid of numerical values. In contrast, 
analytic solutions are expressed as com-
binations of elementary or special func-
tions. Global analytic solutions are usually 
unobtainable for systems involving complex 
geometry and strongly coupled sets of non-
linear differential equations. Numerical rou-
tines, on the other hand, can be very good 
at handling such systems. In this age of 
powerful computers, researchers use mas-
sively parallelized codes that include non-
linear effects and multiple layers of strongly 

coupled physical processes. With such 
capability, many see the analytic approach 
as outmoded or, at best, as a way to vali-
date codes in simple scenarios. It seems 
that many of the strengths of analytic meth-
ods have been largely forgotten. When such 
strengths are taken into consideration, how-
ever, it becomes clear that numerical and 
analytic viewpoints are deeply complemen-
tary. Based on very different kinds of fun-
damental assumptions, they offer strong 
mutual but independent support, going far 
beyond the use of analytical methods for 
code verification.

The duality between analytic and numeri-
cal methods lies in the contrast between 
simplicity and generality—both desirable 
properties for a mathematical model. We 
would like a model to be broadly applicable 
and yet easy to use and understand. Unfortu-
nately, there is a  trade-  off between these vir-
tues. The more phenomena that are incorpo-
rated into a model, the more general—and 
complicated—that model becomes. Numeri-
cal models tend to emphasize generality at 
the expense of simplicity, and analytic mod-
els, vice versa.

The simplicity of analytic solutions tends 
to cost generality but benefit theory. Their 
construction forces one to engage with 

theory to decide what are the most impor-
tant parameters in a problem. The benefit is 
clear: Physical insight does not result from 
including every effect imaginable but from 
knowing which effects are most important; 
see Barenblatt [1996] for many examples of 
complex phenomena that have been “boiled 
down to essentials.” On the other hand, 
effects neglected in solution construction 
could turn out to be important, even crucial, 
in ways not knowable a priori. Creating a 
numerical method, in contrast, forces one to 
consider all the effects that might be impor-
tant in many possible circumstances. This 
characteristic makes numerical modelers 
less prone to prejudging what will be impor-
tant, though perhaps more prone to losing 
physical insight. Sensitivity analysis per-
formed on numerical results (e.g., via a pro-
gram like PEST [Doherty, 2002]) can serve 
to isolate important parameters, also allow-
ing a model to be “stripped down” to its 
essentials. Such analysis, however, does not 
give exact functional relationships between 
parameters of interest; as a result, numeri-
cal solutions are much less amenable than 
analytic solutions for many important theo-
retical purposes, such as general stability 

Warming temperatures, sea ice loss, per-
mafrost melting, and other impacts of cli-
mate change are adding to the  stresses 
indigenous communities already face in 
several Arctic countries, prompting some 
communities to consider relocating to safer 
areas. Native communities in Alaska, Russia, 
and Scandinavia are among those dealing 
with climate change impacts, according to 
researchers at a forum entitled “Arctic Indig-
enous Peoples, Displacement, and Climate 
Change” held at the Brookings Institution in 
Washington, D. C. on 30 January.

In Alaska, dozens of native communi-
ties are threatened by flooding and erosion, 
and some have started the process of try-
ing to relocate to other areas after typical 
disaster relief efforts such as building sea 
walls have failed to protect them, accord-
ing to Robin Bronen, executive director of 
the Alaska Immigration Justice Project. Bro-
nen, a human rights attorney, cited a U.S. 
Government Accountability Office (GAO) 
report from 2009, its most recent report on 
the topic, which noted that 31 communities 
are imminently threatened and 12 are hoping 
to relocate; an earlier 2003 GAO report noted 
that more than 180 communities were being 
affected by flooding and erosion at that time.

Bronen said the issue of relocation is com-
plex, in part because of a history of some 

native communities’ having been moved 
against their wishes. She said relocations 
should be decided by the affected commu-
nities and should be based in human rights 
principles.

In her presentation, Bronen focused on 
several communities, including Newtok, a 
village of about 350 people on the Ninglick 
River in western Alaska that has faced 
repeated extreme weather events including 
flooding and is currently in the process of 
relocating to a new nearby settlement called 
Mertarvik. Other communities actively look-
ing for relocation sites include the Alaskan 
villages of Kivalina and Shishmaref, which 
also have recently been affected repeatedly 
by extreme weather events.

Bronen said that while a few communi-
ties are on the road to relocation, the barri-
ers to relocation “are enormous.” She said 
Congress should amend federal disaster 
relief legislation to allow communities to use 
existing funding mechanisms for relocation 
and that there should be an adaptive gover-
nance framework to evaluate when commu-
nities and governments could shift to reloca-
tion efforts after typical erosion and flood 
control measures have been tried and have 
failed to protect people in place.

“What happens in Alaska is relevant to 
coastal communities all over the United 

States,” Bronen said at the forum. Later 
she told Eos, “Repairing and rebuilding 
communities and places where sea level 
rise is going to inundate them is not a 
good decision. We need government agen-
cies to invest in studies now to figure out 
what sea level predictions are expected 
to occur. We need to be doing excellent 
monitoring of the environmental changes 
being caused by repeated weather events 
so that we can make better decisions 
about how to adapt.”

At the forum, Susan Crate, associate 
professor of anthropology in the Depart-
ment of Environmental Science and Policy 
at George Mason University, Fairfax, Va., 
focused on the Viliui Sakha native com-
munities in the boreal forest in the Russian 
north. She said that although the commu-
nities are not yet in need of relocation due 
to the impacts of climate change, efforts to 
maintain their way of life may be affected 
if current trends of permafrost melting and 
increasing precipitation continue. She cited 
the increasing amount of water on their 
land caused by a combination of changing 
precipitation patterns and the warming and 
degradation of permafrost.

Crate said that, to date, other changes 
have been more dramatic in affecting the 
villagers’ way of life and their mobility, 
which historically had provided a way for 
them to flexibly adapt to annual and sea-
sonal weather patterns. She said that pre-
vious Russian colonization and Soviet era 
collectivization policies are among those 
changes that have significantly affected the 
Viliui Sakha. “The impacts of those changes 
have to date had a far greater effect on con-
temporary livelihoods than climate change 
has so far,” Crate said.

“The Viliui Sakha do not have to relo-
cate yet due to these [environmental] 
changes, but their refined adaptation to the 
extreme climate is being affected.” She cited 
warmer weather, which now delays the com-
munities’ annual animal slaughter by about 
a month and also prevents their wild berries 
from freezing and being used as food during 
the winter. Crate added that there is a need 
for appropriate relocation plans and an early 
warning system to better allow communi-
ties to evacuate before any potential cata-
strophic events.

Marius Warg Naess and Ilan Kelman, 
senior research fellows at the Center for 
International Climate and Environmental 
Research in Oslo, Norway, described chal-
lenges facing the Saami, a group of peo-
ple living in Scandinavia above the Arctic 
Circle. Naess and Kelman said that climate 
change is one of a number of challenges 
the Saami face. The researchers noted that 
for those Saami who still practice reindeer 
herding, artificial boundaries such as private 
property can inhibit mobility and herders’ 
traditional ability to respond to environmen-
tal variability.

They said that climate change itself likely 
would not directly cause much commu-
nity displacement. However, they noted that 
a significant impact from climate change 
would be the migration into the Arctic of 
 non-  Saami who are involved with resource 
extraction or other activities. Involving the 
Saami as full participants in decisions affect-
ing them and in addressing concerns related 
to temporary migrants could help minimize 
the impacts of climate change on the Saami, 
they noted.

—ranDy sHoWsTaCk, Staff Writer
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MEETINGS
Exploring Hawaiian Volcanism

AGU Chapman Conference: Hawaiian Volcanoes, From Source to Surface; 
Waikoloa, Hawai‘i,  20–  24 August 2012

In 1912 the Hawaiian Volcano Observa-
tory (HVO) was established by Massachusetts 
Institute of Technology professor Thomas A. 
Jaggar Jr. on the island of Hawaii. Driven by 
the devastation he observed while investigat-
ing the volcanic disasters of 1902 at Montagne 
Pelée in the Caribbean, Jaggar conducted a 
worldwide search and decided that Hawai‘i 
provided an excellent natural laboratory for 
systematic study of earthquake and volcano 
processes toward better understanding of 
seismic and volcanic hazards. In the 100 years 
since HVO’s founding, surveillance and inves-
tigation of Hawaiian volcanoes have spurred 
advances in volcano and seismic monitoring 
techniques, extended scientists’ understand-
ing of eruptive activity and processes, and 
contributed to development of global theories 
about hot spots and mantle plumes.

The Chapman Conference “Hawaiian Vol-
canoes, From Source to Surface” was con-
vened on the occasion of HVO’s centennial. 
Conference goals included reviewing cur-
rent understanding of Hawaiian volcanism 
developed over the past century, identifying 
critical problems needing future research, 
and exploring how Hawai‘i informs research 
elsewhere on the Earth and other planets.

Approximately 180 scientists from 12 coun-
tries attended the meeting, including about 
40 students. Financial support was provided 
by the U.S. Geological Survey (USGS), the 
U.S. National Science Foundation (NSF), 
and the International Association of Volca-
nology and Chemistry of the Earth’s Interior 
( IAVCEI). The conference program was struc-
tured to trace the route of ascending magma 
from its source within Earth’s mantle to erup-
tion at the surface. Each day consisted of a 
morning of invited talks summarizing cur-
rent understanding of key concepts and phe-
nomena, followed in the afternoon by short 
contributed talks, breakout discussions, and 
poster presentations. A fi eld trip day offered 
participants a chance to visit one of the fi ve 
shield volcanoes that make up the island.

Hawaiian volcanoes are among the best 
studied in the world, but surprisingly, a num-
ber of fundamental questions remain unan-
swered. It is generally thought that a mantle 
plume feeds the Hawaiian hot spot. What is 
the depth and source of melting, and what is 
the mechanism of melt transport to the sur-
face? Over the last 5 million years, Hawaiian 
volcanoes have formed two geochemically 
and geographically distinct chains—the 
“Loa” and “Kea” trends. What are the origins 
of these trends, and how far back in time can 
they be distinguished? The volumes and struc-
tures of individual overlapping volcanoes 
that make up the island of Hawai‘i are poorly 
known. Is Kī lauea a small volcano sitting on 

the shoulder of Mauna Loa, or does it deeply 
indent Mauna Loa’s fl ank? A wide range of 
models have been proposed for the size and 
shape of magma reservoirs and conduits 
beneath the surface, but agreement, espe-
cially between geophysicists and geochem-
ists, has been elusive. What do subvolcanic 
magma storage areas and transport pathways 
look like? Both Kīlauea and Mauna Loa are 
characterized by explosive deposits in their 
summit regions. What controls the transition 
between explosive and effusive volcanism at 
Hawaiian volcanoes? What geophysical, geo-
chemical, and geological tools will help us to 
better forecast future volcanic activity?

Consensus emerged that such critical 
questions would benefi t most from interdis-
ciplinary approaches leading to more com-
plete physical and chemical models integrat-
ing a variety of observations. The Hawaii 
Scientifi c Drilling Project (HDSP) on Mauna 
Kea, which resulted in more than 3 kilome-
ters of continuous core from the fl ank of a 
Kea trend volcano (spanning from about 
240,000 to > 650,000 years before present), 
is a potential example of this approach. On 
the less expensive end of the spectrum, more 
rigorous integration of existing and new 
geodetic, seismic, and geochemical data 
in Hawai‘i is needed to better constrain, for 
example, the sizes and shapes of magma res-
ervoirs. Ultimately, conference participants felt 
that an ocean island research initiative, akin 
to the Ridge Interdisciplinary Global Experi-
ments (RIDGE) and Geodynamic Processes at 
Rifting and Subducting Margins ( GeoPRISMS) 
programs sponsored by NSF, might best coor-
dinate discussion and activity among the 
numerous but currently independent research 
groups that focus on Hawai‘i and other hot 
spot volcanoes around the world.

Conference presenters agreed to share 
their overviews and investigations of aspects 
of Hawaiian volcanism with the larger com-
munity via the 2012 Hawai‘i Chapman Confer-
ence Web site (http:// hilo . hawaii .edu/ ~ kenhon/ 
 HawaiiChapman). A technical summary that 
will highlight major research questions dis-
cussed at the conference is forthcoming. Hope-
fully, this Chapman Conference has stimulated 
the community that studies Hawaiian volca-
nism, helped frame critical research targets, 
outlined future areas of interest, and inspired 
the next generation of research scientists.

—miCHael P.  PolanD and Paul G. okubo, 
Hawaiian Volcano Observatory, U.S. Geological 
Survey, Hawai‘i National Park, Hawai‘i;  E-  mail: 
 mpoland@usgs.gov; and ken Hon, University of 
Hawai‘i at Hilo

analysis, development of new physical theo-
ries, perturbative series expansions, and the 
study of  self-  similarity through dimension-
less groups.

Consider the latter example—that ana-
lytic methods give rise to key dimensionless 
groups of variables. Such groups commonly 
arise in two distinct ways. The fi rst is through 
scale analysis, which consists of solving alge-
braic approximations of the governing differ-
ential equations [Bejan, 2004]. The second 
way is through the Buckingham Pi theorem 
[Barenblatt, 1996], which is (roughly stated) 
that a dimensionally homogeneous equation 
in n arguments with respect to m units can be 
expressed as a relation between  n-m dimen-
sionless groups. Dimensionless groups reduce 
the library of books that would be required to 
tabulate a function such as f = f (x1, x2, ..., x5) 
to the single page that would be required 
to tabulate f = f (x), where x is a dimension-
less combination of the arguments xi. This 
compression of information is not merely an 
advantage of notation. Instead, it is compa-
rable to the difference between using Roman 
versus Arabic  numerals—  the latter system 
leading to physical insights that were inac-
cessible using the former [Bolster et al., 2011]. 
For example, it allows one to determine 
when the behavior of one system is exactly 
the rescaled behavior of another system that 
may appear on the surface to be quite dif-
ferent from the fi rst. Moreover, dimension-
less groups are not necessarily invalidated 
by nonlinearity or complex problem geom-
etry. A dimensionless group is the compact 
expression of the results of countless possible 
numerical runs or experiments. Dimension-
less groups allow one to exploit dynamical 
similarity, provide insight that would aid in 
the  construction/  extension of physical theo-
ries, facilitate intermodel comparisons, and 
enable one to perform useful  back-  of-  the- 
 envelope calculations.

As mentioned above, complex system 
geometry, multiple strongly coupled physi-
cal processes, and strong nonlinearity rule 
out the use of global analytic solutions; how-
ever, they certainly do not, as is commonly 
thought, rule out the use of analytic meth-
ods altogether. Global numerical simulations 
of complex phenomena usually display local 
features such as boundary layers, planar 
fractures, and repeated patterns of thermal 
convection cells, which are quite accessible 
to local methods of analysis. It is true that 

local analysis frequently assumes linearity 
in the governing differential equations; how-
ever, as the Josef Stefan story illustrates, such 
an assumption can be reasonable even when 
the system is nonlinear globally. Moreover, it 
is frequently not known ahead of time what 
the strength of nonlinearity in a problem will 
be. In such cases, comparison with linear 
analytical results is never a waste of time—
if there is a close match between the solu-
tions, then the nonlinearity is not important 
after all, i.e., the system is simpler than it at 
fi rst seems; if there is not a close match, then 
it has been demonstrated rigorously that non-
linearity is important in the problem.

In summary, complicated system geome-
try, strongly coupled processes, and nonlin-
earity are usually seen as precluding the use 
of analytic methods, but it is exactly when 
these factors are at play that a combination 
of analytic and numerical approaches can be 
most powerful. There are similarities between 
numerical simulations and experiments done 
in a laboratory, hence the commonly used 
expression “numerical experiment.” The anal-
ogy suggests that just as experimental results 
should be interpreted in the light of theory, 
so should results derived from simulations. If 
nature itself is seen as a sophisticated numeri-
cal simulation where every possible effect 
has been included, the past successes of ana-
lytical models in the study of nature argue 
that attempts to match numerical simulation 
results to analytic solutions will often be suc-
cessful. Due to the theoretical advantages 
mentioned above for the analytic viewpoint, 
this success will often mean increased physi-
cal insight.
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The AGU Education and Public Outreach 
department in collaboration with the Amer-
ican Geosciences Institute (AGI) are con-
tinuing their partnership to support Earth 
and space science departments through 
AGU’s Heads and Chairs Program. Through 
this partnership, AGI’s Workforce Program 
and AGU’s education staff continue to host 
monthly,  hour-  long webinars and online dis-
cussions on various topics that hit at the 
heart of the health and success of Earth 
and space science departments. We invite 
department heads and chairs as well as fac-
ulty, administrators, and program directors 
to join in this unique free program.

For those who were not able to attend 
some (or any) of the webinars we jointly 
hosted last fall, the audiovisual recordings 
are accessible at http:// www .agiweb .org/ 
workforce/ headsandchairs/. Last year’s 
topics included program assessment, exit 
surveys, student pathways into the geo-
sciences, faculty evaluation, and student 
recruitment.

The topics for this year’s webinars, also 
listed on the same Web page, are based on 
input from participants in the 2012 webi-
nars and  face-  to-  face meetings and include 
recruiting undergraduate students into intro-
ductory courses, the role of student organiza-
tions and  co-  curricular activities in building 
departmental community, and strategies for 
improving the visibility of Earth and space 
science programs on campuses. The first 
2013 webinar, on legal issues related to field 
trips, is scheduled for 22 February at 1:00 P.M. 
eastern standard time and is being organized 
by David Mogk (Montana State University) 
and Steven Whitmeyer (James Madison Uni-
versity). Please consider joining us in Febru-
ary and throughout the year in conversations 
to strengthen your departments and build 
community amongst academic leaders.

—PranoTi m. asHer, Manager, Education and 
Public Outreach, AGU;  E-  mail: pasher@ agu .org; and 
CHrisToPHer m. keane, Technology and Communica-
tions Director, American Geosciences Institute (AGI)

Osmium (Os) isotopes have emerged as 
a powerful tool in oceanographic and pale-
oceanographic research, as this highly  redox- 
 sensitive element provides insights into 
ocean anoxic events, continental weather-
ing processes, extraterrestrial impacts, and 
anthropogenic contamination. Direct analysis 
of Os isotopes dissolved in seawater is chal-
lenging because of very low (femtomolar) 
concentrations, a complex matrix, multiple 
oxidation states, and its likely propensity to 
bind to multiple ligands. Only a handful of 
laboratories have attempted such analyses.

Evidence emerging over the last few years 
has cast doubt on the accuracy of many of 
the published seawater data on Os.

This evidence indicates the need for 
extended heating at high temperature for 
complete equilibration of tracer and sample Os 
and includes recently reported contamination 
from widely used,  pre-  cleaned high- and low-
density polyethylene (HDPE and LDPE) bot-
tles (M. Paul, L. Reisberg, and N. Vigier, “A new 
method for analysis of osmium isotopes and 
concentrations in surface and subsurface water 
samples,” Chem. Geol. 258, 136–144, 2009, 
doi:10.1016/ j. chemgeo .2008 .09 .018.; M. Sharma, 
C. Chen, and T. Blazina, “Osmium contamina-
tion of seawater samples stored in polyethylene 
bottles,” Limnol. Oceanogr. Methods, 10, 618–
630, 2012, doi:10.4319/ lom .2012 .10 .618, and refer-
ences therein). This contamination is caused by 
the use of ultrapure nitric acid during cleaning.

These findings resulted from U.S. National 
Science  Foundation-  funded  GEOTRACES inter-
calibration efforts in the Pacific and Atlantic 
oceans.

A  half-  day meeting on “Dissolved Osmium 
Isotope Analysis” was held at the Palais de 
Congrès de Montreal on 24 June 2012 before 
the annual Goldschmidt Conference. This 
meeting aimed to review current methods of 
analysis and to recommend best practices for 
seawater Os isotope analyses. About 15 sci-
entists participated and made the following 
observations/ recommendations:

  • The water sampling and filtration appa-
ratus used on  GEOTRACES cruises, though 

not tested for Os, has not been shown to 
cause analytical problems for Os.

  • Teflon bottles have shown no arti-
facts associated with storing acidified sea-
water Os for periods of up to 1 year. Teflon 
bottles used for storing  Seastar® concen-
trated hydrochloric acid have been used 
successfully without additional cleaning. 
No cleaning protocol that ensures the  long- 
 term integrity of samples for osmium iso-
tope analyses has been published for  HDPE, 
LDPE, or polypropylene bottles.

  • Hydrochloric and hydrobromic acids 
purified by  sub-  boiling distillation con-
tain less than 1 femtogram per gram of Os.  
These acids are recommended for cleaning 
Teflon bottles.

  • Equilibration between seawater and 
tracer Os can be assured by heating samples 
at 300°C for at least 10 hours in an oxidiz-
ing medium such as hexavalent chromium 
(CrVI) or hydrogen peroxide (H2O2).

  • High yields (~90%) during extraction 
and purification of Os, coupled with high 
effective ionization efficiencies (> 5%) and 
low blanks (< 5 femtograms) are required 
to achieve the best reported external repro-
ducibilities within two standard deviations 
of around 1% for isotope ratios ( 187Os/188Os) 
and about 2% for Os concentration for sea-
water samples of around 50 grams.

  • Details of the cleaning, sampling, stor-
age, and analytical procedures used, partic-
ularly on blank corrections, should be given 
in all publications.

We acknowledge financial support from 
the U.S. National Science Foundation ( OCE-
0751616) and the Woods Hole Oceano-
graphic Institution, and thank Katz Suzuki, 
Sunil Singh, and an anonymous reviewer.

—bernHarD  PeuCker-  eHrenbrink, Department 
of Marine Chemistry and Geochemistry, Woods Hole 
Oceanographic Institution, Woods Hole, Mass.; mukul 
sHarma, Department of Earth Sciences, Dartmouth 
College, Hanover, N. H.; and laurie reisberG, Centre 
de Recherches Petrographiques, Centre National de la 
Recherche Scientifique (CNRS), Nancy, France.
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priorities, as well as directing all phases of the oper-
ation of the national center. A major responsibility 
of the director of NCAR is to build and maintain 
strategic partnerships with the National Science 
Foundation (NSF) and the 104 university members 
of UCAR.

The successful candidate will have demon-
strated the ability to lead and inspire on a broad 
intellectual front and will possess a significant 
record of scientific or technical achievement in the 
atmospheric or related sciences. He or she will have 
demonstrated successful planning, management, 
execution, and administration of complex research 

and facility activities and will possess a breadth of 
interest, vision, and judgment. The candidate will 
be adept at advocating for NCAR’s science and 
facilities to various constituencies and will have 
experience in applying research to pressing soci-
etal needs. She or he will have shown a strong com-
mitment to increasing diversity in the atmospheric 
and related sciences community and to supporting 
educational engagement initiatives.

The National Center for Atmospheric Research 
(NCAR) is a Federally Funded Research and Devel-
opment Center (FFRDC) sponsored by the National 
Science Foundation (NSF) and operated by the 
104-university nonprofit consortium, the University 
Corporation for Atmospheric Research (UCAR). 
Headquartered in Boulder, Colorado, NCAR has 
approximately 900 staff members and annual 
expenditures of about $131 million.

Salary will be based on experience and 
qualifications, and is subject to the approval of the 
National Science Foundation. UCAR is an equal 
opportunity/affirmative action employer, and offers 
a competitive employee benefit package.

View detailed job description and applica-
tion instructions at https://www2.ucar.edu/

ncar-director-search. Initial consideration will be 
given to applications received prior to 27 March 
2013. We value diversity. AA/EOE

Faculty Position in Marine Biogeochemistry.
Stony Brook University’s School of Marine and 

Atmospheric Sciences (SoMAS) invites applications 
for a tenure track faculty position in Marine Biogeo-
chemistry, to begin as early as Fall 2013. The posi-
tion will be filled at the Assistant Professor level. 
Review of applications will begin March 1, 2013, but 
applications will be considered until the position 
is filled. Candidates are expected to interact with 
and augment existing activities in biogeochemistry 
at SoMAS. The successful candidate is expected 
to carry out an independent research program, 
attract external grant support for independent and 
collaborative projects, support and foster the devel-
opment of graduate students, contribute to teaching 
activities at both the graduate and undergraduate 
levels, and participate in School and University ser-
vice. Application instructions and procedures, as 
well as further information about this position, can 
be found at www.somas.stonybrook.edu/about/
empopps.html (Ref #F-7743-13-01). Stony Brook Uni-
versity/SUNY is an affirmative action, equal oppor-
tunity educator and employer.

POST-DOCTORAL POSITION IN AIR QUALITY 
MODELING.

The Office of Commercialization and 
Regional Development, Utah State University, 
Vernal, Utah has an immediate opening for a 
post-doctoral position in air quality modeling. 
The ideal candidate will be a recent Ph.D. with 
experience in atmospheric simulations (WRF) 
and photochemical dispersion modeling (CAMx 
and/or CMAQ) in a parallel-processing, Linux 
environment. The appointment will be for two 
years, with the possibility of an additional year 
depending on the availability of funding. The 
salary will be competitive. Please send resume 
before 03/15/2013, including publication list and 
the names of three references, to Marc Mansfield, 
Ph.D., marc.mansfield@usu.edu.

Postdoctoral Positions in Indian Monsoon 
Prediction.

The Center for Ocean-Land-Atmosphere Studies 
is looking for up to three self-motivated postdoctor-
al research scientists in the area of Indian monsoon 
prediction and predictability. The incumbents will 
join a multi-national project in collaboration with 
the National Monsoon Mission of the Government 
of India. The selected candidates will investigate 
ocean-land-atmosphere coupling and initializa-
tion strategies to improve CFSv2 and monsoon 
prediction. Particular attention will be paid to 
three aspects of the problem: land-atmosphere 
feedbacks, multiple analysis ocean initialization, 
and ocean-atmosphere feedbacks. The successful 
candidates are also expected to take leadership 
roles in preparation of manuscripts for publication 
and conference participation. Applicants must have 
a Ph.D. in atmospheric sciences or a related field, 
with experience in climate variability or climate 
modeling and prediction. The appointment will 
be for one year, with potential for renewal for the 
second and third years, given satisfactory perfor-
mance. For consideration, interested and qualified 
applicants should submit a cover letter including 
a statement of research interests, a curriculum 
vita, and contact information of two professional 
references to the NMM PostDoc Search Committee 
(Dr. James Kinter, chairperson; ikinter@gmu.edu). 
Applications received before 28 February 2013 will 
receive highest priority. 

Two Faculty Positions in Atmospheric Sciences 
at Texas A&M University-Corpus Christi.

The Department of Physical and Environmental 
Science (http://www.pens.tamucc.edu) at Texas 
A&M University-Corpus Christi invites applications 
for two tenure-track faculty positions in Atmo-
spheric Sciences to begin in Fall 2013 or Spring 
2014. The applicant for the first position (job#0054) 
should be in the field of synoptic, mesoscale and 
tropical meteorology. Applicant for the second 
position (job#0054) should be in a broad field 
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Recommendations for Analysis 
of Dissolved Osmium in Seawater

Dissolved Osmium Isotope Analysis; 
Montreal, Canada, 24 June 2012

ABOUT AGU
AGU and American Geosciences Institute 
Webinar Series to Strengthen Departments

N E W  B O O K S
This column lists recently published books that have been received by Eos.

Advanced Remote Sensing: Terrestrial Infor-
mation Extraction and Applications,  Shun-lin 
Liang et al., Academic Press, 2012, ISBN 
 978-0-12-385954-9, $149.95

Environmental Fluid Dynamics: Flow Pro-
cesses, Scaling, Equations of Motion, and Solu-
tions to Environmental Flows, Jörg Imberger, Aca-
demic Press, 2013, ISBN  978-0-12-088571-8, $89.95 

Geology Underfoot Along Colorado’s Front 
Range, Lon Abbott and Terri Cook, Mountain Press 
Publishing, 2012, ISBN  978-0-87842-595-2, $24.

How to Succeed as a Scientist: From Postdoc 
to Professor, Barbara J. Gabrys and Jane A. Lang-
dale, Cambridge University Press, 2012, ISBN 
 978-0-521-18683-4, $36.99

An Introduction to Dynamic Meteorology, Fifth 
Edition, James R. Holton and Gregory J. Hakim, 
Academic Press, 2013, ISBN  978-0-12-384866-6, 
 $94.95

Landslides: Types, Mechanisms and Modeling, 
John J. Clague and Douglas Stead (Eds.), Cam-
bridge University Press, 2012, ISBN  978 -1- 107-
00206-7, $150.

Practical Chemical Thermodynamics for Geo-
scientists, Bruce Fegley Jr., Academic Press, 2013, 
ISBN  978-0-12-251100-4, $124.95

Understanding the Earth System: Global 
Change Science for Application, Sarah E. Cornell 
et al. (Eds.), Cambridge University Press, 2012, 
ISBN  978  -1  -107  -00936  -3, $80.

Meetings
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What’s on the Web?
Read the latest offerings from the AGU Blogosphere:

 
The Landslide Blog: “A call for land-
slide photos for the USGS library archive” 
(http:// goo .gl/  A062R)

Dan’s Wild Wild Science Journal: 
“Greenland ice core may rewrite some  
climate books” (http:// goo .gl/ oqJPs)

Georneys: “The last train to nowhere in 
pictures” (http:// goo .gl/ 0eLj8)

Mountain Beltway: “Do you believe in 
M.A.G.I.C.?” ( Mid-  Atlantic  Geo-  Image  
Collection) (http:// goo .gl/ 7Tkf4)
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Give the geophysics community an update on your project,  
program, or research experience: Contribute a brief report to Eos.

To learn more, visit http://  onlinelibrary . wiley .com/  journal/ 10 .1002/ 
(ISSN) 2324 -9250/  homepage/  ForAuthors .html.

Contribute to Eos!
In Dan’s Wild Wild Science Journal, blogger Dan 
Satterfield recalls his time observing the collec-
tion of the North Greenland Eemian (NEEM) ice 
core. The project’s research station, above, housed 
a kitchen, dining room, offices, and a shower.

mailto: http://<00AD>onlinelibrary.<00AD>wiley.com/<00AD>journal/10.1002/(ISSN)2324-9250/<00AD>homepage/<00AD>ForAuthors.html.
mailto: http://<00AD>onlinelibrary.<00AD>wiley.com/<00AD>journal/10.1002/(ISSN)2324-9250/<00AD>homepage/<00AD>ForAuthors.html.
http://www.agiweb.org/workforce/headsandchairs/
http://www.agiweb.org/workforce/headsandchairs/
http://onlinelibrary.wiley.com/journal/10.1002/%28ISSN%292324-9250/homepage/ForAuthors.html
http://onlinelibrary.wiley.com/journal/10.1002/%28ISSN%292324-9250/homepage/ForAuthors.html
http://blogs.agu.org/landslideblog/2013/01/30/a-call-for-landslide-photos-for-the-usgs-library-archive/
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of atmospheric sciences including atmospheric 
dynamics, climate dynamics and other relevant 
research areas. Candidates must identify the posi-
tion for which they wish to be considered in the 
cover letter. 

Successful applicants will be expected to estab-
lish an externally funded research program sup-
porting graduate students in the Environmental Sci-
ence MS and Coastal and Marine System Science 
PhD programs and a proposed new MS program in 
High Impact Meteorology and Incident Response. 
Both faculty members are also expected to contrib-
ute to a new BS program in Atmospheric Sciences. 
Teaching expectations are normally 3 courses per 
year with an allowance of reduced teaching in the 
first year to allow laboratory development. Courses 
will be in support of the undergraduate and gradu-
ate programs mentioned above. Requirements 
include a Ph.D. at the time of appointment in Atmo-
spheric Sciences or a closely related field. Post-doc-
toral experience is preferred. Both positions will be 
filled at the tenure-track Assistant Professor level. 

Texas A&M University-Corpus Christi is a 
Hispanic-serving institution located on the Gulf 
of Mexico, with a modern campus overlooking 
Corpus Christi Bay. With more than 10,500 students, 
the university offers a wide array of academic pro-
grams with 18% of the students enrolled in graduate 
programs. Applications are particularly encour-
aged from individuals whose research interests 
can take advantage of the university’s facilities, 
numerous research vessels and dive operations, 
and potential collaborations with our faculty in the 
environmental, engineering, computing, geologi-
cal, biological and marine sciences.

Apply online at https://islanderjobs.tamucc.
edu. Applications must include 1) a cover letter, 2) 
a curriculum vitae, 3) copies of undergraduate and 
graduate transcripts (unofficial is acceptable for 
application), 4) a statement of teaching philosophy, 

5) a description of research interests, and 6) a list 
of at least three references. Questions regarding 
this position may be addressed to the Chair of the 
Search Committee, Dr. Darek Bogucki (Darek.
Bogucki@tamucc.edu) or the Co-chair: Dr. Dorina 
Murgulet (Dorina.Murgulet@tamucc.edu).

The positions will remain open until filled but 
preference will be given to applicants submitting 
all requested documentation by February 15, 2013. 
Texas A&M University-Corpus Christi is an Equal 
Opportunity/Affirmative Action Employer commit-
ted to excellence.

Geochemistry

Open-rank Professor Positions in Geochemis-
try (Paleoclimatology, Biogeochemistry and 
Carbon Sequestration), Institute of Surficial 
Geochemistry, Nanjing University, China.

The Institute of Surficial Geochemistry (ISG) at 
Nanjing University is seeking qualified candidates 
worldwide to fill multiple (3 to 5) professor posi-
tions in the area of Geochemistry (e.g., low-temper-
ature geochemistry, environmental geochemistry, 
paleoclimatology, biogeochemistry). The success-
ful candidates are expected to develop research 
programs in their specialties supported by internal 
and external funding and to collaborate with other 
ISG researchers with expertise in the Asian aeolian 
dust system, hydrological cycle and hydrological 
environment evolution, organic geochemistry, 
and carbon cycle and carbon sequestration. The 
new hires will have chances to teach courses and 
advise talented undergraduate and graduate stu-
dents. ISG will provide strong support for new hires 
to conduct cutting-edge geochemistry studies; The 
salary of these open rank positions (assistant, asso-
ciate, and full professorship) range from 200,000 to 
400,000 RMB (~ $32,000 to $64,000) depending on 
qualifications and experience, with considerable 

startup funds and benefits (e.g., housing bonus). 
Applicants should send a letter of interest, cur-
riculum vitae with a complete list of publications, 
summary of academic achievements (within 500 
words), future research interests (1-2 pages), as well 
as 2-3 reference letters to Dr. Yang Chen (phone: 
8625-83686042 and email: chenyang@nju.edu.cn). 
Review of applications began Jan. 2013, and will 
continue until all positions are filled.

Hydrology

Two-year Post-doc Position in Hydrology 
Offered at the University of Notre Dame.

The Environmental Change Initiative (ECI)
[http://environmentalchange.nd.edu/] at the 
University of Notre Dame (ND) in collaboration 
with the Dept. of Civil and Environmental Engi-
neering and Earth Sciences (CEEES) is seeking 
applicants for a two-year post-doc position to 
conduct large-scale hydrologic modelingstud-
ies over the Great Lakes region. The research 
will create long-term observed meteorologi-
cal records and future projections of climate 
from regional and global scale climate models, 
coupled to large-scale hydrologic models. These 
tools will be used to explore the impacts of 
observed climate variability, climate change, and 
land use/management on human systems and 
ecosystems in the Great Lakes region, support-
ing interdisciplinary research within the ECI and 
CEEES at ND. A successful candidate will have a 
PhD in hydrology, hydroclimatology, ecohydrol-
ogy, or a related field in the physical sciences. 
Well-developed computer programming skills in 
the UNIX environment (e.g. experience with C or 
Fortran, scripting languages, and use of LINUX 
clusters for parallel computing), experience 
dealing with large data sets, and excellent writ-
ten and oral communication skills are important 
qualifications for the position. Experience with 
statistical or dynamical downscaling of climate 
model simulations and with implementation 
and calibration of physically-based, distributed 
hydrologic simulation models is also desired, as 
is experience in the analysis and modeling of 
water resources systems. Applicants with experi-
ence working in an interdisciplinary research 
environment are also particularly encouraged 
to apply. 

ND is an equal opportunity employer and 
offers a competitive salary and comprehensive 
benefits package. In addition to primary research 
activities, the position will involve the supervi-
sion of graduate students, preparation of grant 
proposals, teaching, stakeholder education /out-
reach opportunities, and extensive interdisciplin-
ary collaboration with researchers in a number 
of fields outside of hydrology. Several publica-
tions are expected to result from the research.

Applicants should submit a statement of 
interest (~2 pages), a brief summary of qualifica-
tions and recent research activities (less than 
5 pages), a list of three professional references 

(name, affiliation, and contact information), and 
a CV. Please send these application materials via 
e-mail as a single pdf file to Dr. Alan F. Hamlet, 
CEEES, University of Notre Dame (http://engi-
neering.nd.edu/profiles/ahamlet/) to alan.ham-
let.1@nd.edu. Applications received by March 15, 
2013 will receive full consideration, but applica-
tions will be accepted until the position is filled.

Ocean Sciences

Texas A&M University at Galveston Marine 
Sciences Department POSITION ANNOUNCE-
MENT ASSISTANT PROFESSOR IN MARINE 
GEOSCIENCES. 

Texas A&M University at Galveston invites 
applications for a nine-month, tenure-track fac-
ulty position at the Assistant Professor level with 
expertise in marine geology, or related field, 
beginning fall 2013. Desired areas of specializa-
tion include: coastal and continental margins 
geological/sedimentary processes, including 
sediment transport (instrumentation as well as 
modeling), high-resolution marine geophysics, 
paleoclimate, and marine geological hazards. 
Candidates with demonstrated excellence in 
field-oriented research are encouraged to apply, 
but also welcome applications from candidates 
comfortable employing modeling, experimental 
and/or laboratory approaches. The success-
ful candidate will be based in the Department 
of Marine Sciences in Galveston, and will be 
capable of obtaining an appointment as a gradu-
ate faculty member in a graduate department in 
College Station related to his/her research focus 
(e.g. Oceanography, Geology and Geophysics, 
Geography).

The successful candidate must have evidence 
of or potential for strong teaching and research 
performance. We are specifically looking for 
a person that can contribute to - and benefit 
from - an interdisciplinary environment and 
interact with colleagues in our natural sciences 
and resource management programs. Teaching 
responsibilities will support our undergraduate 
and graduate programs and may include: physi-
cal geology, sedimentology and stratigraphy, 
coastal processes, marine geology, and courses 
in their specialty. 

The Department is interested in candidates 
with a strong record of, or potential for externally 
funded research, scholarship, and peer-reviewed 
publication. Applicants must have completed 
their doctorate in geology, marine science, 
oceanography or a related discipline by Septem-
ber 1, 2013. Salary is commensurate with qualifi-
cations and experience. 

The Department has recently moved into 
the new Ocean and Coastal Science Building, a 
~100,000 sqf LEED certified facility that facilitates 
close interactions across all fields of science on 
campus. The multidisciplinary offerings of the 
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Department also include geological, chemical, 
physical, and biological oceanography; envi-
ronmental law, remote sensing and geospatial 
analyses, coastal planning as well as resource 
management and environmental policy. Recent-
ly, the Board of Regents of Texas A&M University 
approved the creation of the new Institute of 
Sustainable Coastal Communities as a collabora-
tion between Texas A&M University at Galveston 
and Texas A&M’s College of Architecture. The 
successful candidate will have an opportunity 
to contribute to the development of research 
and academic programs of this multidisciplinary 
Institute.

To apply, send a curriculum vitae, statement 
of current research and teaching interests, a list 
of three references, as well as a completed and 
signed official TAMUG application form (http://
www.tamug.edu/hrd/Employment.htm) to: Chair, 
Coastal/Marine Geology Search Committee, 
Human Resources Department, Texas A&M Uni-
versity at Galveston, P.O. Box 1675, 200 Seawolf 
Parkway, Galveston, TX 77553-1675. 

Review of applications will begin immediate-
ly and will continue until the pos filled. Employ-
ment is contingent upon successful completion 
of a background check and verification of eligi-
bility to work in the US. Texas A&M University 
at Galveston is an affirmative action and equal 
opportunity employer committed to diversity. For 
more information on the position contact Dr. Tim 
Dellapenna, Chair of the search committee, by 
email at dellapet@tamug.edu. 

Solid Earth Geophysics

Tenure-track Position in Hydrogeophysics.
The University of Wyoming invites applications 

for a tenure-track position in hydrogeophysics at 
the assistant professor level. This is a joint position 
(#4866) between the Department of Geology and 
Geophysics and the Department of Civil and Archi-
tectural Engineering. We seek a hydrogeophysicist 
with expertise in the development and use of near-
surface geophysical techniques for hydrological 
problems and interested in integrative research. Of 
particular interest are emerging applications in elec-
trical and electromagnetic geophysics such as com-
plex resistivity and magnetic resonance sounding. 

This position is part of a growing emphasis 
on watershed science exemplified by the new 
Wyoming Center for Environmental Hydrology 
and Geophysics (WyCEHG; uwyo.edu/wycehg). 
This interdisciplinary, NSF-funded center houses 
new facilities dedicated to near-surface geophysics 
and surface/subsurface hydrology. The successful 
hire will have an earned PhD in geophysics, civil 
engineering, or a closely related field at the time 
of appointment, will have the potential to develop 
an internationally recognized, externally funded 
research program, will integrate his/her research 
with the goals of WyCEHG and will provide aca-
demic support to the Ph.D. Program in Hydrology 
(WRESE; uwyo.edu/wrese). 

The University’s policy has been, and will 
continue to be, one of nondiscrimination, offering 
equal opportunity to all employees and applicants 
for employment on the basis of their demonstrated 
ability and competence without regard to such mat-
ters as race, sex, gender, color, religion, national 
origin, disability, age, veteran status, sexual orienta-
tion, genetic information, political belief, or other 
status protected by state and federal statutes or 
University Regulations.

The University of Wyoming is committed to 
providing a safe and productive learning and liv-
ing community. To achieve that goal, we conduct 
background investigations for all final candidates 
being considered for employment. Background 
checks may include, but are not limited to, criminal 
history, national sex offender search, employment 
and motor vehicle history. Offers of employment 
are contingent upon the completion of the back-
ground check.

Application Materials Required:
Applications must be submitted as a single 

PDF file to: Dr. W. Steven Holbrook, Search Com-
mittee Chair, steveh@uwyo.edu. Applications must 
contain a cover letter, a statement of research 
interests, a statement of teaching interests, a cur-
riculum vita, and contact information for at least 
three references. Review of applications will begin 
on February 28, 2013, and will continue until the 
position is filled. 

Space Physics

The Center for Space Physics at Boston Uni-
versity invites applications for a postdoctoral 
researcher position supervised by Professor 
Paul Withers. The research will involve the analy-
sis of accelerometer and other measurements made 
by Curiosity during its descent to the surface of 
Mars, leading to an accurate reconstruction of the 
atmospheric conditions encountered by Curiosity 
and subsequent scientific interpretation of these 
results. Candidates should possess a PhD degree in 
a relevant field. Experience conducting research 
on planetary atmospheres and/or experience work-
ing with spacecraft observations are desirable. The 
salary offered will be competitive and commensu-
rate with experience. Funding is available for two 
years with the possibility of extension. The appoint-
ment is expected to begin as soon as possible after 
1 April 2013. Please contact Paul Withers (withers@
bu.edu) for further information.

Applications should be sent by email to Paul 
Withers (withers@bu.edu). 

The application should be submitted in PDF 
format and contain a curriculum vitae, statement 
of research interests, and contact information for 
three referees. Review of applications will begin on 
28 February 2013. Women and underrepresented 
minorities are particularly encouraged to apply. 
Boston University is an equal opportunity/affirma-
tive action employer.

Interdisciplinary/Other

GDL Foundation Fellowships in Structure and 
Diagenesis.

The GDL Foundation supports study and 
research of chemical and mechanical interactions, 
structural diagenesis, in sedimentary basins. Practi-
cal applications are of particular interest.

We are currently seeking applications from M.S. 
and Ph.D. candidates, post-doctoral researchers, 
and scientists for fellowships, up to $10,000, based 
on specific proposals for research and participa-
tion in meetings and conferences to share results.

Submit applications (available at: www.gdlfoun-
dation.org) by April 5, 2013

Project Coordinator.
American Geophysical Union (AGU) invites 

outstanding candidates to apply for the Thriv-
ing Earth Exchange (TEX) Project Coordinator 
position. The position provides an exceptional 
opportunity to help develop an innovative pro-
gram, focused on the sustainability of our planet. 
This appointment is for one year, with a possible 
renewal for a second year. 

The Project Coordinator is responsible for coor-
dinating activities of the Thriving Earth Exchange 
project through all project phases, including plan-
ning, development, implementation, and docu-
mentation development, and managing the daily 
work activities. The successful candidate serves the 
project efficiently and effectively by executing the 
project’s goals and objectives both internally and 
externally. S/he represents the interests of the proj-
ect, both inside and outside of the organization. 
S/he serves as the day-to-day staff liaison for this 
project. This position reports to the Director, Sci-
ence and works closely with the Director, Product 
Development, TEX Task Force chair, CEO and AGU 
President, among others. 

Applicants must have a Bachelor’s degree and 
one to three years of relevant experience, or an 
equivalent combination of education and experi-
ence. Strong detail-orientation, organizational 
skills and analytical skills. Excellent written and 
oral communication skills, research and project/
process management skills. Excellent customer 
service skills and diplomacy. Proficiency with 
Microsoft Office (i.e. Word, PowerPoint and Excel). 
Ability to multi-task and work independently to 
achieve expected results. Ability to collaborate 
well with others, including respect for others and 
their perspectives, the sharing of relevant data/
information, the sharing of thoughts and active 
listening, and contribution of skills and exper-
tise so the team succeeds. Ability to learn and 
innovate, including maintaining flexibility and 
adaptability, conducting research to continually 
advance knowledge and generate insights, and 
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High pore pressure in seafloor 
related to slow slip earthquakes

Lying within the seafloor off the south-
ern coast of southwestern Japan, the Nan-
kai Trough is the surface expression of the 
subduction of the Philippine tectonic plate 
beneath the Eurasian plate. In the past, this 
fault has been responsible for producing 
large,  tsunami-  generating earthquakes—
the most recent one, a magnitude 8.2 event 
in 1944. Similar events are expected in the 
future. One geologic feature that may predis-
pose the region to such earthquakes is the 
presence of a low velocity zone previously 
identified that stretches shoreward from the 
Nankai Trough. The low velocity zone, a sub-
surface region through which primary seis-
mic waves propagate with reduced velocity, 
may be related to increased seafloor uplift 
during an earthquake, a property that would 
tend to generate tsunamis.

Through deformation experiments con-
ducted on core samples, Kitajima and Saffer 
determined the relationship between the 
rock’s effective stress, the pore pressure, 
and the propagation velocity of primary seis-
mic waves. From this experimentally deter-
mined relationship, the authors then used 
the results of previous seismic surveys to 
estimate the pore pressure and effective 
stress in the sediments hosting the plate 
boundary and other major faults in the Nan-
kai Trough region.

The authors found that within the low 
velocity zone the pores were overpres-
sured, resulting in stress levels far below 
expected levels and in a reduction of the 
mechanical strength of the faults and the 
surrounding rocks. Further, the authors 
found that the regions that had the high-
est pore pressures and the lowest effec-
tive stress aligned with the areas known to 
produce slow slip and very low frequency 

earthquakes, the first time such proper-
ties have been quantitatively  co-  located. 
(Geophysical Research Letters, doi: 10.1029/ 
2012GL053793, 2012) —CS

More greenhouse gases needed 
to explain warm Archean Earth

During the Archean eon, from 3.8 to 
2.5 billion years ago, life on Earth was thriv-
ing for the first time, growing in a world with 
much less land and a faster planetary rota-
tion than today. At the same time, the energy 
flowing to the early Earth from the Sun was 
just three quarters of what it is now. Despite 
the drastically lower levels of solar irradi-
ance, previous research has suggested that 
the Archean Earth was not a planet encased 
in ice but instead remained a watery world. 
To explain this seeming inconsistency, a 

dilemma known as the “faint young Sun 
paradox,” researchers have suggested that 
the planetary greenhouse effect must have 
been much more potent than today. Previous 
research suggested that atmospheric carbon 
dioxide levels would need to have had a par-
tial pressure of approximately 0.06 bar, equiv-
alent to an atmospheric concentration 200 
times that of the  pre-  Industrial modern era.

Using a coupled  ocean-  atmosphere model 
that includes representations of meridional 
ocean circulation and the effect of the ice 
albedo feedback cycle, systems neglected 
in previous research, Kienert et al. found 
that the partial pressure of carbon diox-
ide needed to keep the Archean Earth from 
freezing over would have been closer to 
0.4 bar, nearly 7 times that of previous esti-
mates, and 1400 times  pre-  Industrial levels. 
The authors note that the elevated critical 

carbon dioxide levels for the late Archean 
are inconsistent with existing geochemi-
cal records. They suggest that even the cur-
rently favored carbon  dioxide– methane 
greenhouse effect could be insufficient to 
solve the faint young Sun paradox for the 
late Archean. (Geophysical Research Letters, 
doi:10.1029/ 2012GL054381, 2012) —CS

Similarities between rivers  
and submarine channels

Scientists have long known that the width 
and depth of rivers follows a power law rela-
tionship with discharge. They have also 
noticed that submarine channels appear to 
be similar to terrestrial rivers, but there have 
not been many systematic comparisons of 
the relationships between submarine chan-
nel morphology and discharge. Konsoer 
et al. compared the width, depth, and slope 
of 177 submarine channels to those of 231 
river cross sections. They found that sub-
marine channels are up to an order of mag-
nitude wider and deeper than the largest 
terrestrial rivers, but they exhibit a similar 
power law relationship between width and 
depth. For submarine channels that were 
similar in size to rivers, the authors found 
that submarine channels tend to be 1 to 2 
orders of magnitude steeper than rivers. The 
authors also inferred values for sediment 
concentration in the turbidity currents in the 
channels and combined this with estimated 
mean flow velocities to look for a relation-
ship between discharge and morphology in 
the channels. They found that like rivers, the 
width and depth of the submarine channels 
follow a power law scaling with discharge. 
(Journal of Geophysical  Research-  Earth Sur-
face, doi:10.1029/ 2012JF002422, 2013) —EB

—ernie balCerak, Staff Writer, and Colin 
sCHulTz, WriterAn illustration of a possible Archean landscape, depicting a watery world with a much fainter Sun.
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experimenting and improving products and pro-
grams. Ability to develop and follow processes 
and procedures and to encourage and seek out 
customer feedback for product and program 
improvement. Maintain personal accountability 
for performance and help establish team norms 
for personal accountability. 

Renewable Energy and Earth System Science 
Assistant Professor Position.

The Department of Geological and Environmen-
tal Sciences at California State University, Chico 
invites applications for a tenure-track position 
to start August 2013. Candidates must possess a 
Ph.D. in Energy Resources or related area such as 
Climate Change or Sustainability Sciences. Can-
didates nearing completion of the doctorate may 
be considered; however, the doctorate must be 
complete prior to the end of the first semester in 

December 2013. Preferred specialization in Renew-
able Energy Resources, Earth System Science, Cli-
mate Change Mitigation and Adaptation, or Carbon 
Sequestration. The full position announcement is 
available at http://csucareers.calstate.edu/Detail.
aspx?pid=34250.

Reservoir Modeler - Houston.
ExxonMobil Upstream Research Company has 

an immediate opening for a Reservoir Modeler at its 
Upstream Research Laboratory located in Houston, 
Texas.

The successful candidate should have a solid 
background in geology coupled with a strong 
interest in digitally characterizing reservoir scale 
features using existing and innovative techniques. 
This position primarily supports our broad and 
diverse reservoir modeling research portfolio, 
while at same time being flexible enough that the 

individual’s skillset could be applied to a broad 
range of geologic modeling challenges.

The candidate filling this position will be 
expected to immediately contribute to on-going 
projects as well as formulate and direct future 
endeavors. Collaboration is required with corpora-
tion geoscientists and engineers with a broad range 
of disciplines, including seismic interpretation, stra-
tigraphy, formation evaluation, reservoir engineer-
ing and software developers. 

Candidates should have the following 
qualifications:

-A Ph.D. or M.Sc. in Geologic Modeling or 
related field. 

-A B.Sc. in Geology or related field.
-Ability to use standard coding languages (e.g. 

MATLAB, C++ etc) applied to geologic modeling 
algorithm creation/manipulation. 

-Understanding of fundamentals of industry 
standard geologic modeling algorithms and work-
flows (Geostatistical Modeling, Object Based Mod-
eling, Multi-point Statistics Modeling).

-Demonstrated willingness to take risks in 
research while maintaining objectivity.

-Creative, adept at team work, and able to drive 
projects to completion. 

-Strong communication, organization, and inter-
personal skills. 

-Industry or post-graduate experience in reser-
voir modeling would be a plus.

Please submit your application and resume to 
our website: www.exxonmobil.comex. Please apply 
to Job No. 16713. 

ExxonMobil is an Equal Opportunity Employer

Student Opportunities

The Department of Atmospheric Sciences at 
the University of Alaska Fairbanks still accepts 
applications for graduate assistantships for fall 
2013. We seek highly qualified PhD/MS applicants 
interested in aeronomy, remote sensing, air quality 
or climate modeling, air-sea interaction, and ABL 
physics. They should have strong backgrounds in 
math, physics, meteorology or related. For informa-
tion visit http://ffden-2.phys.uaf.edu/atm/ or contact 
bdday@alaska.edu. Apply electronically at http://
www.uaf.edu/admissions/.
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