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"Sea level is higher now and 
is rising much more rapidly 

than any time in the past 
300 years." 

CliC SSG-VI Meeting Summary
Daqing Yang (daqing.yang@npolar.no), CliC International Project Office, Tromsø, Norway

The Sixth Meeting of the CliC Scientific Steering Group (SSG-VI) was held at 
the Centro de Estudios Científicos  in Valdivia, Chile, from 4 through 9 Feb-

ruary 2010.  Its objectives were to: 1) review the progress of CliC initiatives and 
themes; 2) realign CliC activities towards tangible contributions to the WCRP ob-
jectives (outlined in the WCRP 2010-2015 Implementation Plan); and, 3) to identify 
people and determine collaborations required to achieve the CliC/WCRP targets. 
Eight of the twelve SSG members participated in person, while one contributed by 
telephone. Ten invited experts also contributed to the meeting goals. 

The meeting evaluated CliC progress during the past year and discussed its future 
activities and its intermediate- and long-term objectives. The SSG-VI agreed to four 
major long-term objectives seen as key milestones in studying the predictability 
of the climate and cryosphere system and in understanding the human effects on 
climate. CliC will work with partners within and outside WCRP towards achieving 
these goals. 

Long-term Objectives:
Enabling prediction of the Arctic climate system;
Enabling prediction of the Antarctic climate system;
Enabling prediction of terrestrial cryosphere; and
Enabling improved assessment of the past, current and future sea-level variabil-
ity and change.

To reach its long-term objectives, a range of contributing short-term activities were 
reviewed and endorsed. These include the five integrating and cross-cutting initia-
tives that CliC SSG-V formulated in Geneva in December 2008.

Short-term Objectives
Cryospheric input to the Arctic and Southern Ocean freshwater budgets
The role of carbon and permafrost in the climate system
Hemispheric differences in sea-ice extent and seasonal predictability
Regional climate modelling and improved parameterisation of cryospheric proc-
esses
Ice sheet dynamics and the role of the major ice sheets in sea-level rise

New Initiatives

Six new initiatives were formulated and endorsed:
Review of passive microwave sea-ice concentration and extent products 
Extension of permafrost studies in continental shelf areas
Improvement of sea-ice parameterization for the Arctic- and Southern- Oceans
Support for a new Arctic System Reanalysis
Focus on the explanation of causes and prediction of the Arctic sea-ice loss in-
volving a CMIP5 diagnostic subproject, including the ARctic Climate HIndcast-
ing, Modelling and PrEDiction ExperimentS (ARCHIMEDES) 
Continuing the Southern Ocean Observing System development and reinvig-
orate the Southern Ocean Physical Oceanography and Cryosphere Linkages 
(SOPHOCLES) initiative
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Regional climate predictions on a decadal scale and assess-
ment and prediction of cryospheric sources of fresh water are 
fast becoming key requirements for climate science.  CliC 
will initiate activities to develop climate modelling- and 
downscaling-techniques on spatial scales to allow climate 
predictions in alpine, glaciated regions leading to an assess-
ment of the cryospheric input freshwater resources. In consul-
tation with WGSIP  and through participation in the WCRP 
Polar Predictability Workshop CliC will explore cryospheric 
factors of climate predictability for a range of time scales.  
CliC recommends continuation of the IPY Space Task Group 
after the completion of the International Polar Year, and also 
recommends WCRP to take part in the preparations for a 
potential International Polar Decade to ensure that predic-
tion of the polar climate on decadal time scales be adequately 
addressed.  Development of cryospheric observations will 
continue through the IGOS Theme Report on Cryosphere. 

CliC supports the WCRP research on sea-level rise through 
the WCRP/IOC Task Group on Sea-Level Variability and 
Change. Research aimed at estimating the change in the mass 
balance of the terrestrial cryosphere (especially ice sheets and 
their dynamics) continues as does the study of the role of ice 
shelves in these changes. This research includes both obser-
vations and modelling. 

CliC will approach the Arctic Ocean Sciences Board with a 
proposal to join forces to study the role of Northern Seas in 
the climate system with a view towards an Arctic / Sub-Arctic 
Ocean data synthesis.

CliC will continue its regional activities, such as the Asia-
CliC project. Following the successful Conference “Ice and 
Climate Change: A View from the South” (Valdivia, Chile, 
1-3 February 2010), which was cosponsored by CliC and the 
International Glaciological Society, CliC will undertake a 
range of activities in South America. 

In order to ensure continuous attention to the multitude of 
new and ongoing activities, the CliC Executive Commit-
tee has been expanded. This committee will prepare a CliC 
project working structure. Once the structure has been ap-
proved by the SSG, CliC  project will extend invitations to 
active and knowledgeable scientists to lead the activities as 
members of the CliC SSG or CliC expert panels.

Carbon and Permafrost in Climate Model (CAPER)
CAPER is a joint CliC/IGBP-AIMES project focusing on 
the change in permafrost and feedback with CO2 and CH4 
release in northern regions. A CAPER meeting held in Stock-
holm on 5-6 June 2009 decided to build on the results of the 
IPY project “Carbon Pools in Permafrost Regions”.  It will 
review how ecosystem, land surface, and Earth system mod-
els represent carbon – permafrost feedbacks, and formulate 
recommendations for their further development. Based on the 
review, a modelling framework will be proposed, including 
parameterization schemes and sub-models for soil carbon and 
energy dynamics. A CAPER white paper is ready for release, 
and US NSF funds have been obtained for some research 
projects.

New directions for this research may include its expansion 
over the continental shelf areas, as well as addressing CO2 
and CH4 release from Greenland and the Antarctic. Plans for 
2010 include organizing community workshops and develop-
ing science and implementation plans. 

Vladimir Romanovsky is responsible for CAPER on behalf of 
the CliC SSG. This project is a key CliC initiative. 

Mountain Glaciers and Water Resources  
Prediction of mountain glacier changes and their impacts 
on regional water sources is a key requirement for climate 
and hydrology science and application. Both long- and 
short- term regional climatic and hydrological predictions are 
required for adaptation and mitigation practices. CliC will 
initiate activities to develop glacier hydrology models and 
regional climate models, including downscaling techniques. 
CliC will work with GEWEX CEOP-HE and other interna-
tional communities to improve the predictions of mountain 
glacier and water resource changes, and the assessment of 
freshwater resources under a changing climate.

The SSG has decided to include Mountain Glacier and Water 
Resource Changes as a new CliC initiative, to be co-led by 
Helmut Rott and Gino Casassa. This project will engage 
and work closely with other regional activities, including 
Asia CliC and the Cold Region Hydroclimatology Project 
of GEWEX CEOP, to assess freshwater resources related to 
glacier changes in various mountain regions.  

Sea Level Rise (SLR), Including Ice Sheet Modelling
CliC has assumed the coordinating role of the WCRP re-
search on sea-level rise. This will be organized by the WCRP/
IOC Task Group on Sea-Level Variability and Change. CliC 
will continue its research, through observation and model-
ling, to quantify the terrestrial cryosphere changes, including 
the dynamics and mass balances of ice sheets, and the role of 
ice shelves in sea level change. CliC will also work with the 
GEWEX and IHP of UNESCO on the determination of land 
water storage change over time. 

Waleed Abdalati agreed to serve as the theme lead for re-
search on cryospheric input to SLR. A working group for this 
initiative will be assembled to work on the dynamics of ice 
sheets, addressing aspects of both modelling and observation. 
Dave Holland will lead the ocean ice modelling research, 
including ice shelves modelling and impact to the SLR. 

Arctic and Antarctic Sea Ice 
Sea ice is changing in the Polar Regions. There exist re-
marked hemispheric differences in sea-ice regime and 
change. It is a huge challenge to understand the causes for the 
rapid loss of sea ice in the Arctic Ocean, and the reasons for 
the difference in the sea ice changes between Arctic and the 
Antarctic.  CliC is ready to face this challenge. 

 



	 �

Ice and Climate News, No.14, June 2010

Sea level is higher now and is rising much more rapidly 
than any time in the past 3000 years.  We know that sea 

level will continue rise for many centuries even after global 
temperatures are stabilized as it takes that long for the ocean 
and ice sheets to fully respond to a warmer climate. Un-
checked global warming is likely to raise sea level by several 
meters in coming centuries, leading to loss of many coastal 
cities and entire island states. This longer-term threat is 
already being exacerbated by increased frequency of occur-
rence of short-term extreme sea levels due to the superposi-
tion of tides and storm surges on rising mean sea level.  

The Record 
During the last 3000 years, the mean sea level has been 
below values observed at present (Figure 1a). In addition, 
it varied slowly. For example, the change in sea level over 
the 1000 years until year 1800 was only a few centimetres. 
The rate of sea-level rise increased from the nineteenth to 
the twentieth century (Figure 1b), and now satellite meas-
urements show sea level rising by 3.4 millimetres (mm) per 
year from 1993 to 2008 (Cazenave et al., 2009, Figure 1c), 
almost twice the average rate for the twentieth century.  For 

the period from 1961 to 2003, thermal expansion contrib-
uted about 40 per cent to the observed sea-level rise, while 
melting glaciers and ice sheets contributed about 60 per cent 
(Domingues et al., 2008). The geographical pattern of change 
is variable (Figure 1d). For the period from 1993 to 2008, the 
largest increase took place in the equatorial Western Pacific. 
Lower values are recorded in other areas of the World Ocean. 

Factors Contributing to Sea-Level Rise 
For the period 1961-2003, thermal expansion of the ocean 
contributed about 40 per cent to the observed sea level rise, 
while melting glaciers and ice sheets contributed about 60 
per cent (Domingues et al., 2008).  One of key scientific 
achievements since AR4 is that the estimates of various 
factors contributing to the global sea-level rise have started 
to sum up to a total that matches the observed values over 
recent decades with unprecedented accuracy (Domingues 
et al., 2008), especially 2003 to date (Leuliette and Miller, 
2009). At the same time, results of the ongoing research and 
recent observations give reasons to conclude that the IPCC 
AR4 conclusions concerning the rate of future change of the 
global mean sea level may be on the conservative side. 

WCRP Update on Global Sea-Level Rise
Koni Steffen (konrad.steffen@colorado.edu), University of Colorado, CIRES

Figure 1: (a) Sea-level changes from 1000 BC to AD 2000 inferred from a range of sources (CSIRO, http://www.cmar.csiro.au/sealevel); 
(b) global mean sea level from 1870 to 2008 based on in-situ measurements with one standard deviation error estimates is in red (Church 
and White, 2006) and the Topex/Poseidon/Jason -1 and 2 satellite altimeter global mean sea level, based on the same standard processing 
from 1993 to 2008 is in black.  Both series have been set to a common value at the start of the altimeter record in 1993; (c) altimetric 
estimates of sea-level rise from 1993 to the present with the seasonal signal removed from this time series (CSIRO); (d) geographical 
pattern of 1993 - 2008 sea-level trends. 
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the one by Greenland (Velicogna, 2009). Narrow fast-moving 
ice streams in East Antarctica are now also contributing to the 
mass loss of the ice continent (Pritchard et al., 2009). 

The Projections 
For the complete range of Special Report on Emissions Sce-
narios in the IPCC AR4, the expected sea-level rise for 2090-
2099 relative to 1980-1999 values was estimated to be be-
tween 18 and 59 centimetres (cm) (Figure 3a). An additional 
allowance of 0 to 20 cm was given to account for a dynamic 
response of the ice sheets. Noteworthy, IPCC warned that 
there could be a larger ice sheet contribution. The data from 
coastal tide gauges corroborate the recent satellite estimates 
of sea-level change and show that the current rate of sea-level 
rise corresponds to the upper limit of model projections given 
in the IPCC Assessments in 2001 and 2007 (Figure 3b). 

This new scientific evidence discussed above suggests that 
future ice sheet contribution to sea-level rise may exceed the 
allowance of order of 20 cm given in the IPCC AR4.  For 
example, simple statistical models, such as  (Horton et al., 
2008; Rahmstorf, 2007), based on relations between observed 
sea levels and temperatures, predict sea level rise for 2100 of 
up to 1.4 m above the 1990 value. 

Main Remaining Scientific Challenges 
Significant progress has been achieved by science in quanti-
fying and explaining the observe sea-level change in recent 
decades. The main challenge for the climate science is now 
to address the uncertainties in the projection of the future 
sea-level changes due to recently discovered processes in the 
Greenland and Antarctic ice sheets. A joint Task Group on 

Sea-Level Variability and 
Change was established 
by the World Climate 
Research Programme and 
Intergovernmental Ocea-
nographic Commission of 
UNESCO to further im-
prove our ability to moni-
tor, explain, predict global 
and regional sea level and 
all environmental factors 
related to it, and use this 
information for informed 
decision making. 

The first reason is widespread evidence of the increased 
melting of glaciers and ice-caps since the mid 1990s. New 
estimates show that the mass loss of glaciers and ice caps 
now contribute about 1.2 mm per year to global sea-level 
rise. 

The second reason is the relatively fast dynamic response 
of the Greenland and Antarctic ice sheets to global warming 
that has been observed recently. In the case of Greenland the 
pattern of ice sheet change is one of near-coastal thinning, 
primarily in the south along fast-moving outlet glaciers. 
Accelerated flow and discharge from some major outlet gla-
ciers (also called dynamic thinning) is responsible for much 
of the loss (Rignot and Kanagaratnam, 2006). High-resolu-
tion satellite laser altimetry shows that dynamic thinning 
of fast-flowing coastal glaciers is now widespread at all 
latitudes of the ice sheet. Glaciers flowing faster than 100 
meters (m) per year thinned on average by 0.84 m per year 
between 2003 and 2007 (Pritchard et al., 2009). In addition, 
near-coastal surface melt and run-off have increased sig-
nificantly since 1960 in response to warming temperatures. 
Total precipitation has also increased (Hanna et al., 2008) 
[but not enough to counter the effect of the ice sheet thin-
ning and melt. Passive microwave satellite measurements of 
the Greenland ice sheet melt area show its expansion since 
1979 (Steffen et al., 2008; Figure 2). The net mass loss from 
Greenland ice sheet has accelerated since the mid-1990s and 
is now contributing up to 0.7 mm per year to sea-level rise 
(Velicogna, 2009). 

Antarctica is also losing ice mass at an increasing rate, 
mostly from the West Antarctic ice sheet due to increased 
ice flow, and contributes to sea level at a rate nearly equal to 

Figure 2: The total melt area of the Greenland ice sheet increased by 30 per cent between 1979 and 2008 based on passive 
microwave satellite data, with the most extreme melt in 2007. In general 33-55 per cent of the total mass loss from the 
Greenland ice sheet is caused by surface melt and runoff. For 2007, the area experiencing melt was around 50 per cent of the 
total ice sheet area. The low melt year in 1992 was caused by the volcanic aerosols from Mount Pinatubo causing a short-
lived global cooling (Steffen et al. 2008). 
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Figure 3: (a) Sea level projections in the IPCC Third Assessment Report (TAR) shown in shading and lines and AR4 shown at the bar plotted at 2095, their range 
of uncertainties shown with a pink bar depicting possible range of contributions from thermal expansion of the ocean waters and melting of glaciers, and the red 
bar corresponds to additional rise due to instabilities of ice sheets (Church et al,. 2010);  (b) observed and projected (starting for the year 1990) sea level: red 
line – coastal stations, blue line – altimetric data, dashed black lines and the grey area and various dashed lines within it – range of model based sea-level rise 
projections from (Rahmstorf et al,. 2007) 

BERGY BITS

Improved dataset for high resolution modelling of the Antarc-
tic Ice Sheet - its purpose is to provide a self-consistent 
dataset to use as a starting point for ice-sheet models that 
aim to model forward in time from the present day ice 
sheet configuration.  http://doi.pangaea.de/10.1594/PAN-
GAEA.734145.

According to the National Snow and Ice Data Center 
(NSIDC), arctic sea ice reached its maximum extent for 
the year on 31 March at 15.25 million square kilometers, 
and this was the latest date for the maximum arctic sea 
ice extent since the start of the satellite record in 1979. 
For more information from NSIDC on winter sea ice 
conditions, as well as current data and daily images, see: 
http://nsidc.org/arcticseaicenews/.

The revised International Classification for Seasonal Snow 
on the Ground was recently published by the International 
Hydrological Programme of the United Nations Educa-
tional, Scientific and Cultural Organization (UNESCO-
IHP), Paris, in the series of IHP Technical Documents 
in Hydrology: http://unesdoc.unesco.org/images/0018/
001864/186462e.pdf.
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New 50-year Time Series of Freshwater Fluxes from Greenland
  - from a combined modelling- and observational approach

Jonathan Bamber (j.bamber@bristol.ac.uk)1, Michiel van den Broeke2, Janneke Ettema2, Eric Rignot3

1Bristol Glaciology Centre, School of Geographical Sciences, University of Bristol, Bristol, UK  
2Institute for Marine and Atmospheric Research, Utrecht University, The Netherlands  

3Jet Propulsion Laboratory and Department of Earth System Science, University of California, Irvine, USA

Back in 2003, a unique funding partnership between the 
research councils of the UK, Norway and The Nether-

lands was created with an announcement of opportunity for 
an international call for proposals in the area of rapid cli-
mate change (http://www.noc.soton.ac.uk/rapid/rapid.php). 
At about the same time, the Arctic Subarctic Ocean Fluxes 
(ASOF) project was beginning to develop its IPY strategy 
(http://asof.npolar.no/). In response to the AO, a consortium 
involving the Institute for Marine and Atmospheric Research, 
Utrecht University, Bristol Glaciology Centre, University of 
Bristol and the Nansen Environmental and Remote Sensing 
Centre, Bergen was funded to investigate the surface mass 
balance and freshwater fluxes (FWF) from the Greenland 
Ice Sheet. The project began in 2004 and formed part of the 
ASOF IPY initiative to better constrain the FWF into and out 
of the Arctic basin. Why the link to a programme on rapid 
climate change? Southern Greenland lies close to the two 
major regions of deep water production in the North Atlantic 
in the Irminger and Labrador Seas. It has been suggested that 
a disruption to overturning in these regions could impact 
the strength of the North Atlantic thermohaline circulation 
and, as a consequence, the climate of Northwest Europe. At 
a more local scale, secular trends in the FWF from Green-
land are likely to have a profound impact on estuarine and 
fjord circulation, which in turn may influence ice dynam-
ics, as well as the surface chemistry and local marine 
ecosystem.

Until recently, there was very little data on FWF from 
Greenland but an approximate estimate for the climato-
logical mean was about 0.02 Sv. This is about the same 
magnitude as the largest Eurasian river, the Yenisei, and 
around twice the flux of the MacKenzie in the Canadian 
Arctic. There was even less information about the sea-
sonal, inter-annual and long-term variability in the fluxes 
from Greenland. As a consequence, FWF from river runoff 
and P-E for the Arctic and North Atlantic Oceans are, in 
general, relatively well prescribed in ocean GCMs while 
the fluxes from Greenland, on the other hand, are generally 
ignored altogether in these models. One of the key aims 
of the project was to remedy this major omission in the 
Arctic/North Atlantic freshwater budget. 

There are two distinct components to the FWF from Green-
land: surface runoff and solid ice discharge across the 
grounding line of floating portions of the ice sheet. Very 
different approaches were required to determine these. 
Surface runoff from both the ice sheet and surrounding tun-
dra was estimated using a high resolution regional climate 
model, ,RACMO2/GR, coupled to a snow metamorphism 

model, forced by re-analysis and operational analysis data 
from the European Centre for Medium Range Weather Fore-
casting. This covered the period 1958-present day and pro-
vided unprecedented detail about both the spatial and tempo-
ral variability in runoff. Around half of the precipitation that 
lands on the ice sheet, leaves it, however, as solid ice. Thus, 
this component cannot be ignored in the freshwater budget, 
but neither cannot it be easily modelled. Reliable, spatially 
extensive, observations of the solid ice fluxes are only avail-
able from 1996 onward from SAR interferometry and speckle 
tracking. Prior to 1996, only partial and incomplete coverage 
in time and space is available. For 1958-1996, this com-
ponent is represented, therefore, by interpolated estimates 
based on an empirical relationship between ice sheet runoff 
and solid ice discharge.  Using this approach, and combin-
ing with the surface runoff data that was routed to the coast 
using standard hydrological routing algorithms, we estimated 
the FWF at 5 km spatial resolution and monthly time steps 
around the entire margin of Greenland for 1958-2008. 

Fig 1. Map showing the scaled magnitude of FWF for five sectors of Greenland and the 
eight largest Eurasian rivers. The numbers indicate the mean FWF in mSv for the period 
1961-1990 for each region. The solid lines delineate the five sectors defined as: AO=Arctic 
Ocean, FS= Fram Strait, IS=Irminger Sea, LS=Labrador South, LN=Labrador North.
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We found that solid ice fluxes had a mean value of about 
15 mSv (1961-1990) with little seasonal variation. Surface 
runoff, however, had a large inter-annual and seasonal vari-
ability. The mean annual value for the same period was ~12 
mSv but with a large inter-annual variability. This component 
of the FWF peaks in summer with an amplitude typically 
five to eight times larger than the annual mean. In addition, 
both surface and solid ice fluxes are not uniformly distributed 
spatially reflecting, primarily, the distribution of precipitation 
across the ice sheet (Figure 1). Up until the mid 1990s, the 
total FWF remained relatively constant. Since then, how-
ever, it has increased roughly linearly due to an almost equal 
contribution from solid ice and surface runoff. The present-
day total flux is now around 36 mSv with summer monthly 
mean peak values that can exceed 0.1 Sv. The rate of increase 
from Greenland far exceeds the much publicised increase in 
the combined Eurasian river runoff into the Arctic. In addi-
tion, the current flux is almost twice the typically quote best 
estimate found the literature. What impact these changes 
might have is a question for the ocean modellers to tackle: the 
data sets will be made available as soon as possible after their 
acceptance for publication. The intended repository is the 
British Oceanographic Data Centre (http://www.bodc.ac.uk/) 
and  we anticipate that they will be available later in 2010.

Icebergs drifting down the Isfjord in Southwest Greenland after calving from 
Jakobshavn Isbrae.

After a brief ride atop a Dnepr converted Soviet-era SS-18 
ballistic missile, the European Space Agency’s CryoSat-2 

satellite was successfully delivered into orbit on 8th April to 
start its mission to measure changes in the thickness of the ice 
sheets and marine ice cover. 

The European-built satellite is the third of a European Space 
Agency (ESA) series of science-driven Earth Explorer mis-
sions, as part of its Living Planet Programme. Earth Explorer 
missions are developed in direct response to issues identi-
fied by the scientific community. They aim to improve our 
understanding of how the Earth system works and the impact 
human activity is having on natural Earth processes.

CryoSat is the third Earth Explorer in orbit, following GOCE 
(launched in March 2009) and SMOS (launched in November 
2009). CryoSat-1 was originally set to be ESA's first Earth 
Explorer; however, the satellite fell victim to a second-stage 
rocket motor failure during launch in October 2005. Thanks 
to resounding support from the polar science community, and 
international scientific endeavours such as the WCRP Climate 
and Cryosphere (CliC) Project, the European Space Agency 
(ESA) member states approved CryoSat-2 in early 2006, less 
than a few months after a CryoSat-1 was lost. Just three and a 
half years after the decision to rebuild was taken, the Cryo-
Sat-2 satellite, which carries a number of design improve-
ments, was ready for launch. Despite successful launches of 
GOCE and SMOS satellites in 2009 on the converted SS-19 
missile Rockot, ESA switched from to the Dnepr launcher for 

CryoSat-2 in order to mitigate further launch schedule delays 
and to be able to launch the replacement satellite as soon as 
possible.

The Dnepr launch vehicle was powered out of its under-
ground missile silo by a black powder explosive charge, and 
a split second later lit its main engine at 13:57 GMT (9:57 
EDT) on Thursday 8th April, beginning a journey south from 
the Baikonur Cosmodrome in Kazakhstan, bound for a 716 
km altitude [445-mile-high] polar orbit. Flying backward to 
increase its orbit injection accuracy, the 3rd and upper stage 
of the rocket deployed the 720-kg [1,587-pound] satellite 16 
minutes later. Moments after separation of the satellite from 
its upper stage, the Malindi ground station in Kenya detected 
the first telemetry signals, confirming CryoSat-2 had been 
safely delivered into orbit. Since that time the launch and 
early operations (LEOP) phase including securing the satel-
lite into a stable orbit and safe operating state, such that the 
health of the platform and instrument subsystem functionality 
could be systematically checked out. 

Over the last two decades, continuous measurements by satel-
lite passive microwave radiometer instruments have provided 
conclusive evidence of diminishing extent and concentration 
of Arctic sea ice. The original CryoSat mission, proposed to 
ESA in 1998, was specifically designed to address the urgent 
accompanying need to determine changes in the thickness 
and thus volume of polar ice. Recently, data from the NASA 
IceSat laser altimeter satellite has revealed a short tantalising 

ESA’s Dedicated Ice Mission - CryoSat-2 Launched
Mark R. Drinkwater (mark.drinkwater@esa.int), CryoSat Mission Scientist, European Space Agency
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glimpse of changes in Arctic sea ice thickness and volume. 
Meanwhile, cryospheric and climate scientists are hoping that 
CryoSat-2 will provide the rate of change in ice thickness, 
and timeseries with which to evaluate the impact of variabil-
ity on freshwater exchanges and interactions between at-
mosphere, sea ice and the ocean. Meanwhile, this and the ice 
sheet elevation change information can be used together with 
models to better understand the relationship between changes 
in the polar ice and climate variability, and ultimately the im-
pact of net mass changes upon variations in the rate of global 
sea level.

The CryoSat mission is equipped with a primary microwave 
instrument which is designed to pierce through clouds and 
see through darkness for year round, all-weather operation. 
The combination of its SIRAL instrument and Precise Orbit 
Determination (PoD) instruments (DORIS and laser retro-
reflector) are designed to determine rates of change in ice 
elevation with a precision of one to two centimetres per year 
depending on the measurement mode. 

CryoSat-2 satellite employs an entirely new class of radar 
altimeter to measure the changes in thickness of land and 
sea ice throughout the mission. The SAR Interferometric 
Radar Altimeter (SIRAL) has been designed to overcome the 
challenges which have limited conventional radar altimeter 
measurements of the more rugged ice topography around the 
margins of ice sheets. The satellite has twin antennas which 
allow the radar echoes to be captured separated by a base-
line of 1m across the satellite flight direction. This allows 
the cross-track interferometric phase angle to be precisely 
measured and from this the capability to pinpoint of the 
exact cross track origin of the echo on the ice-sheet surface 
and thus corresponding elevation. Over sea ice SIRAL will 
transmit and receive from a single antenna, and employs 
Synthetic Aperture Radar processing to increase the along-
track resolution and to allow detection of narrow leads within 
the pack ice. Differencing elevation measurements over sea 
ice with elevations from lead surfaces allows retrievals of ice 
freeboard and conversion to thickness measurements with an 
along track spacing of 300 m. 

On Sunday 11th April the SIRAL instrument was 
switched on for the first time and functioned beauti-
fully. Over the course of the first days the health 
of the satellite was progressively checked . The 
primary instruments and on board systems were 
assessed to be performing exceptionally. The first 
test echo data have been produced by SIRAL over 
ice sheets and sea ice, and these early uncalibrated 
products used to verify the functionality of the 
geophysical product data processing. These data 
were collected over the Antarctic's Ross Ice Shelf, 
and clearly show the ice cover and reflections from 
underlying layers. These excellent results at such 
an early stage are a tribute to the hard work of the 
entire CryoSat community throughout the prepara-
tion of the mission.

With the most critical phase of early operations 
complete, the commissioning phase of the satel-

lite is scheduled to continue for another few months 
together with a few selected external technical and 
scientific experts. These commissioning activities 

are currently progressing according to plan with a number 
of successive steps for verifying the instrument perform-
ance. Subsequently, the first test products will be released to 
scientific experts of the CryoSat Calibration and Validation 
Team in order to put CryoSat-2 data through an exhaustive 
set of calibration and validation campaigns, during which 
the systems on board the satellite and on the ground will be 
optimised to provide the best possible quality data with well 
characterised residual measurement uncertainties. When 
CryoSat has accumulated sufficient data, and once the data-
processing system has been fully optimised, the first results 
will be publicly released. This is foreseen after an interval of 
around six months after launch.

A first exciting opportunity presents itself for a coordinated 
campaign data acquisition on 20th April with a synchronised 
NASA DC-8 underflight along one of the CryoSat ground 
tracks, equipped with the ATM laser altimeters, snow radar, 
and various other complementary instrumentation (during 
its ICEBRIDGE spring Arctic activities). This provides an 
excellent opportunity to engage non European NASA-funded 
scientists in the CryoSat mission, and will help build confi-
dence in the data and allow the potential user community to 
flourish during the operations phase of the mission.

With early indications that CryoSat’s instrumentation has the 
potential to deliver on its original performance expectations, 
it is now left to the users of the data to fulfil the scientific 
promise of this critical Cryosphere mission.  Future op-
portunities for scientists wishing to find out more about the 
CryoSat-2 mission occur at the European Geophysical Union 
(EGU) meeting in Vienna in May, at the International Polar 
Year Science Conference in Oslo in early June, and at ESA’s 
Living Planet Symposium in Bergen from 28 June – 2 July, 
2010.

For further mission information, see http://www.esa.int/cryosat.

Artist impression of CryoSat in orbit -  Courtesy ESA  - AOES Medialab

Continues on p. 19
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Land and Sea-Ice Properties in Antarctica: Bridging the Gap Between the 
Ground- and Satellite-Measurement in the Western Ross Sea Region

Wolfgang Rack (wolfgang.rack@canterbury.ac.nz), Pat Langhorne, Christian Haas, Wendy Clavano, 
Alex Gough, Nikolai Kruetzmann, James Pinchin, and Mette Riger-Kusk

Gateway Antarctica, University of Canterbury, Christchurch, New Zealand

Recent observations in sea-ice coverage and ice-shelf 
extent call for an improved understanding of ice-ocean 

interaction and improved monitoring of floating Antarctic ice 
from the ground, the air, and the satellite. Although overall 
sea-ice coverage has slightly increased in the Southern Ocean 
over the past 30 years, significant regional differences exist: 
A 5% decrease in sea ice coverage in the Amundsen Sea is 
almost exactly balanced by an increase in the western Ross 
Sea region. Sea-ice thickness, which is a prerequisite to cal-
culate mass fluxes in the southern ocean, is little known. In 
the process of sea-ice formation, Antarctic ice shelves play an 
important role as the outflow of very cold water from beneath 
the ice shelves influences the oceanographic properties.

The McMurdo Sound region in the vicinity of New Zealand’s 
Scott Base (77º55’ S, 166º48’E) is located at the boundary 
between the East and West Antarctic Ice Sheet. This region 
offers access to land and sea-ice areas with a variety of 
snow and ice conditions making it suitable to study relevant 
glaciological processes. In a collaborative project between 
New Zealand and Canada, we measured surface and volume 
properties on land- and sea-ice in the McMurdo Sound area 
in 2008 and 2009. Our goal was to extend point measure-
ments on the ground to larger areas using airborne technol-
ogy to make these point measurements comparable to the size 
of the satellite footprint of radar sensors. With our field work 
we derived new information on land- and sea-ice properties 
for this particular area, which forms a basis for validated 
satellite products such as surface height, ice thickness, and 
snow accumulation. This international project was conducted 
as a validation experiment for CryoSat-2, a satellite which 
carries a new radar altimeter to monitor surface elevation of 
land- and sea-ice.

Land-ice measurements were aligned along a planned 
CryoSat satellite track leading from the dry snow zone to the 
percolation zone. The surface slope ranges from flat at the ice 
shelf to very hilly on Ross Island. Vertical profiles on snow 
morphology were obtained from ice cores and were measured 
in snow pits using standard glaciological tools in combina-
tion with dielectric profiling and infrared photography. Snow 
morphology was extrapolated to larger areas using a ground 
penetrating radar system by mapping internal layers. The 
surface-roughness was measured over larger areas from a 
skidoo and a small, unmanned, aircraft using a laser profiler 
and an optical camera. On sea ice, in-situ measurements of 
ice thickness were combined with radar measurements along 
continuous profiles to obtain information regarding snow 
depth on ice and bulk density. This information is used to 
convert sea-ice freeboard into ice thickness.

Sea ice thickness and properties of first-year and multi-year 
ice were investigated using the “helicopter EM bird”, which 
is an instrument operated from a helicopter and based on 
the principle of low frequency electromagnetic (EM) induc-
tion. The “bird”, which was flown for the first time in the 
McMurdo Sound area, is also equipped with a laser altimeter 
and differential GPS. It was flown at an altitude of roughly 
15 m above the sea-ice surface hanging on a 20 m rope fixed 
to the helicopter. To support and validate the EM bird meas-
urements, the following data were gathered on the ground 
along helicopter flight paths: snow and ice thickness, density, 
and occurrence of platelet ice. The bird was also tested for 
the first time in Antarctica to measure the ice thickness of 
the McMurdo ice shelf, where radar is of limited use because 
of brine layer intrusions and areas with marine ice frozen to 
the base of the ice shelf. Promising results, and another ‘first 
ever’ in Antarctic research, were obtained for mapping areas 
with platelet ice below consolidated sea ice.  

The Antarctic logistics for this project is provided by Antarc-
tica New Zealand, whose responsibility includes the logistical 
support of all New Zealand science activities in the western 
Ross Sea region. Radar satellite images for this study were 
provided by European Space Agency (ESA). The images 
were acquired regularly over the past two years, and on a 
daily basis during the field work in November 2009 (Envisat 
ASAR and ALOS PALSAR). Co-incident measurements with 
CryoSat-2 will be possible from 2010 onwards.

The field and helicopter team prepares the EM-bird for a measurement flight over 
Haskell Strait. From left: N. Kruetzmann, W. Clavano, W. Rack, J. Pinchin, A. Gough, 
P. Langhorne, C. Haas, R. McPhail - pilot.



10

Ice and Climate News, No. 14, June 2010

Early Career Scientists' Corner
These four pages are dedicated to contributions by young researchers and to issues concerning their 

career development and opportunities. 

Large-scale and rapid variability in both space and time 
has been noted in Antarctic and Greenland ice streams 

(e.g. Conway et al, 2002 and Catania et al, 2006). It is how-
ever, difficult to assess whether these are natural fluctuations 
in a stable system, or if they indicate instability and an accel-
eration of mass loss. The palaeo-record has great potential to 
provide a longer term perspective and improve understanding 
of the natural variability in contemporary ice masses. Particu-
larly valuable is the investigation of palaeo-ice stream beds, 
which are generally more readily accessible than those of ac-
tive ice streams. I have recently been working with industry 
3D seismic data to study subglacial conditions on the former 
Barents Sea Ice Sheet, polar North Atlantic (Andreassen et al, 
2009). 

3D seismic surveys are created from numerous, closely-
spaced, seismic lines which are compiled to create a three-di-
mensional image of the Earth’s surface and subsurface. Such 
datasets allow investigation of the detailed geomorphology 
of the sea floor and buried glacial surfaces, as well as the 
internal structure of buried till units. The seismic survey used 
in this study covers an area of 2000 km2, has a vertical reso-
lution of ~10 m and horizontal resolution of ~12 m. It is was 
located on the south-western Barents Sea shelf, on the bed of 
the Bjørnøyrenna (Bear Island Trough) Ice Stream,  the main 
route for ice drainage over multiple Cenozoic Barents Sea Ice 
Sheets (Andreassen et al 2007 and Winsborrow et al, 2010). 
The seismic survey spans the upper slope and outer shelf and 
contains a 2-3 km thick archive of glacigenic Pleistocene 
sediments. 

Examination of the buried glacial surfaces and till units re-
vealed two predominant geomorphic features. Firstly, highly 
streamlined landforms called megascale glacial lineations 
(MSGL) were found on all buried glacial surfaces. These are 
commonly found on ice stream beds and are considered in-
dicative of fast, extensional ice flow (King et al, 2009). Sec-
ondly, the till units between the glacial surfaces were charac-
terised by long chains of megablocks and rafts comprised of 
a different sediment type to the surrounding till. Individual 
megablocks and rafts have been pulled apart and thrust one 
on top of another, indicative of compressive ice flow. In all 
cases, the chains of megablocks and rafts were aligned paral-
lel to the MSGL in the overlying glacial surface. 

These two different types of geomorphic features indicate 
two different subglacial conditions. The MSGL indicate sub-
glacial deformation close to the ice-sediment interface, and 

extensional , fast, ice flow; whilst the megablocks and rafts 
indicate deformation deeper within subglacial sediments, en 
masse removal of large sediment slabs and compressional, 
slow,  ice flow. The observation of repeated sequences of 
megablocks and raft with MSGL on the overlying horizon is 
suggestive of repeated switching of the ice stream between 
periods of fast flow and periods of quiescence. Such behav-
iour was noted over multiple glaciations, suggesting that it 
may be a common behaviour of marine ice streams.

Further work on ice stream dynamics and subglacial condi-
tions will be carried out under the PetroMaks project project 
’Glaciations in the Barents Sea (GlaciBar)’, funded by the 
Norwegian Research Council, BG Norge, Statoil and Det 
Norske Oljeselskap.This will use both  empirical and numeri-
cal modelling approaches to investigate the operation of ice 
streams in the Barents Sea and their influence on the stability 
of the ice sheet. 

This is a contribution to the PetroMax Programs ‘Ice ages: 
subsidence, uplift and tilting of  traps – the influence on 
petroleum systems (GLACIPET)’ and ‘Depositional models 
for Cenozoic sandy systems (DEMOCEN)’ funded by the 
Research Council of Norway and StatoilHydro.

What can palaeo records tell us about ice-stream dynamics? Following is an example of the former from the Barents Sea, con-
tributed by Monica Winsborrow. Monica has worked as a post-doctoral researcher at the Department of Geology, University of 
Tromsø, since 2007. She has a PhD in Physical Geography from the University of Sheffield,  focusing on palaeo-ice streams of the 
Laurentide Ice Sheet. -- Editor 

Palaeo Records and Ice-Stream Dynamics
Monica Winsborrow (monica.winsborrow@uit.no)
Institute of Geology, University of Tromsø 
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The Association of Polar 
Early Career Scientists 
(APECS) announces a 
new mentorship pro-
gram.

Since its inception, 
APECS has aimed to 

provide a continuum of knowledge in polar research and fos-
ter interactions between their members and experienced polar 
researchers and professionals. To continue this service, they 
are launching a mentorship program consisting of an online 
database of mentors who are willing to share their knowledge 
with talented early-career researchers. The initiative is an 
extension of the mentor panels that APECS already runs at 
major conferences, and will provide an unprecedented oppor-
tunity for mentors to network with early-career scientists.

The level of involvement is entirely up to the individual men-
tor, but activities may include meeting students at confer-
ences, participating in APECS mentor panels, and providing 
general career guidance for young scientists.

Signing up to become a mentor is a quick process, and can be 
done online at: http://www.apecs.is/mentors/sign-up.

APECS Mentor Panel

Careers in glaciology: research and opportunities at 
VICC 2010, Valdivia, Chile
Jorge Marín, José Araos and Shelley MacDonell

As part of the conference “Ice and Climate Change: A 
View from the South", a mentor panel was held to discuss 

available possibilities for students and young scientists want-
ing to pursue a career in glaciology. The discussion panel was 
held over a lunch break, to which a group of approximately 
70 Chilean and international professionals, students and 
young scientists came to hear the pearls of wisdom from a 
diverse group of scientists, including:

Andrés Rivera, CECS, Valdivia, Chile: Andrés motivated 
the Chilean students to study abroad, as there are no 
glaciological research focused programmes in Chile. He 
recommended in the first instance to study in an English 
speaking country, as developing English language skills 
are critical for a successful research career.
Christina Hulbe, Portland State University, USA: Chris-
tina presented some great ideas for building networks 
with other scientists. These ideas included approaching 
researchers at conferences, emailing scientists or there 
students/postdocs (and emailing a second or third time if 
you don’t get a response), and attending summer schools.
Konrad Steffen, University of Colorado at Boulder, USA: 
Koni has a wide range of experiences, and he told us 
about his education in different cultural environments, 
which he stated was a very positive part of his early 
formation stages as a scientist. In addition, he encouraged 
early career researchers to undertake graduate studies 
overseas, and suggested the idea of going to Boulder to 
work with him!
Vladimir Ryabinin, World Meteorological Organization, 
Geneva, Switzerland: After many panellists mentioned 
study abroad, Vladimir talked about the relevance of re-
turning to your country of origin once you are trained, so 
that the capacity in countries such as Chile is increased. 
He emphasised the fact that often people who have grown 
up in a place are better equipped to understand the needs 
of the country, they just need the right skills to answer the 
questions.
Michael Zemp, University of Zurich, Switzerland: 
Michael was a strong voice for a very particular issue, 
namely the importance of English in the scientific com-
munity. He encouraged non-native English speakers to 
improve their English ability, as this is a requirement for 
understanding most of scientific literature, and is also 
necessary for communicating any of your own advances 
and achievements.
Shelley MacDonell, CEAZA, La Serena, Chile: Shel-
ley talked about how important it was for her to have a 
good working relationship with her supervisor during her 
PhD. She said that it is necessary to build clear guidelines 
about the expectations of the working relationship, and 
to recognise that your supervisor won’t provide you with 
everything – and isn’t the font of all knowledge! 

Many other senior researchers were also intermingled with 
the rest of the audience, and had the opportunity to make 
some valuable comments to the diverse range of questions 
that emerged from the group comprised of young scientists in 
disciplines as diverse as geography to biochemistry. The mix 
of experience and disciplines within the room helped to make 
the session both relaxed and informative, and displayed the 
solidarity and strength of glaciology as a discipline. We can 
rest assured, that glaciology in the south has a strong future.

Finally, we would like to thank CECS (Conference organiz-
ing institute), CliC, and APECS, for the support of this event, 
both financially and with their expertise. It really helped to 
establishing networks between young and senior researchers 
working in the south.

•

•

•

•

•

•
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estimates, and obtain information about climate signals and 
their changes within the last decades to about one millenni-
um. Another important aspect of the Norwegian-US traverse 
project is to revisit sites measured during the South Pole 
Queen Maud Land Traverses (SPQMLT) in the 1960s and 
to assess the legacy of these historical data sets by updated 
records.

An extensive amount of data was collected during the field 
seasons consisting of, among others, radar data using differ-
ent frequencies, firn cores, snow samples, surface observa-
tions and temperature measurements. 

Four of the firn cores drilled in the first season were analysed 
at Norwegian Polar Insitute's cold lab with a method called 
dielectric profiling (DEP) which measures electrical con-
ductivity along the core. The conductivity signal responds 
to enhanced acidity caused by major volcanic eruptions. 

In spite of concerted research efforts, the ice-mass budget of 
the Antarctic ice sheet is still not entirely certain today, and 

vast parts of the East Antarctica are not covered by ground-
based measurements. Yet, knowledge of the mass budget and 
the variability of snow-accumulation rates in Antarctica is 
crucial for understanding processes in the climate system and 
for estimating future sea-level change. 

The Norwegian-US Scientific traverse through East Antarctica 
is dedicated to close some of these data gaps by contribut-
ing significant field data and assessing the spatio-temporal 
pattern of accumulation rates on remote areas of the East 
Antarctic plateau. 

The traverse was carried out in the framework of the Interna-
tional Polar Year (IPY) and travelled through large parts of 
Dronning Maud Land, from the Norwegian station Troll to 
South Pole in austral summer 2007/08 with return via a dif-
ferent route in 2008/09. The aim of the project is to improve 
understanding of the mass budget of East Antarctica and 
its contribution to sea-level change, provide field data for 
calibration of model assessments as well as satellite-based 

East Antarctic Snow Accumulation Changes
Helgard Anschütz (helgard.anschuetz@npolar.no)1, Elisabeth Isaksson1, Karsten Müller2, Jan-Gunnar Winther1, Mary Albert3

1Norwegian Polar Institute, Tromsø, Norway; 2University of Oslo; 3Thayer School of Engineering, Dartmouth, USA

Figure 1: Helgard Anschütz holding an ice core from Antarctica. 
Ice-core analysis helps understanding snow-accumulation 
changes and the response of Antarctica to climate change. Photo: 
E. Isaksson, NPI.

Helgard Anschütz holds a Ph.D. in Geosciences from the University of Bremen, Germany. She is currently working as a post-doc 
researcher at the Norwegian Polar Insitute, and she has been to Antarctica several times. Her research focus is on snow-accumu-
lation changes derived from ice-core and radar-data.

Figure 2: Map of the traverse route. Green line: route 2007/08, with firn core 
sites indicated by red and blue dots. Yellow line: route 2008/09, with firn core 
sites indicated by red dots. Black line: route of the South Pole Queen Maud 
Land Traverses 1964-68. The inset shows the location of the study area within 
the Antarctic continent. (Map by Kirsty Langley, NPI.)
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Short Summary of the IPY International 
Early Career Researcher Symposium

Alexandra Taylor (aktaylor2@gmail.com)

There are many skills that early career polar researchers re-
quire for the basis of a strong career. To help address this, the 

Association of Polar Early Career Scientists (APECS), together 
with the ArcticNet Student Association, and the Northern Re-
search Forum held the IPY International Early Career Researcher 
Symposium, held in Victoria, B.C, Canada from December 
4-8, which was sponsored mainly by the IPY Canadian Federal 
Programme and the Canadian Polar Research Commission. This 
career development workshop bought together 71 participants 
and 20 mentors from 14 different countries.

The Symposium brought together early career polar research-
ers from a range of disciplines for a series of training sessions 
to develop professional skills, work with senior mentors, and 
develop international and interdisciplinary collaborations. This 
Symposium had seven themed sessions, all of which included a 
plenary talk attended by all symposium participants, and a hands-
on training session. All plenary talks and breakout sessions were 
recorded, and recordings will be available on the APECS website 
by June (www.apecs.is/workshops/victoria09). In addition, the 
Symposium organizers hired a conference facilitator, who lead 
icebreaker activities, and discussed different personality traits 
and how they affect different peoples perception.

The evaluations from both participants and mentors have been 
extremely positive, with the vast majority ranking the quality 
of the breakout sessions as "Good" or "Excellent". Participants 
of the workshop said that less than 20% of what they learned 
from the three days together had been taught in their graduate 
programs and all stated the need for more events like this on an 
international and interdisciplinary level. 

Thus, the conductivity records can be used to detect volcanic 
eruptions and date the respective firn cores. The well-known 
double peak of the Tambora eruption in 1815 was clearly 
visible in the conductivity records, as was and an unknown 
1809 eruption of an unknown volcano (Figure 3), that served 
as absolute time markers for the verification of dated events.  
Thus, other prominent volcanic horizons like Krakatau (1883) 
and Deception Island (1641) could be dated reliably.

Using the established volcanic chronology and information 
about density, mean accumulation rates between the volcanic 
horizons could be calculated. 

Our firn cores show accumulation rates in the range of 16-
32 mm per year  water equivalent (w.e.) averaged over the 
period 1815-2007. This is slightly less than expected from the 
SPQMLT data, suggesting that some parts of the East Antarc-
tic plateau might have received even less precipitation than 
previously assumed. Accumulation seems to decrease along 
the route, with the exception of the fourth firn core. Clearly, 
accumulation is anti-correlated with elevation in our data 
sets, fitting the expected spatial pattern well. 

The variation in depth of tracked radar layers suggests that 
our firn-core sites are representative of a larger area but, in 
general, comparison with other data from the wider area is 
limited due to different observation periods and large spatial 
distances between observation sites.

Concerning temporal variability, three firn cores show a de-
crease in accumulation of more than 20% for the time period 
1815-2007 in relation to 1641-1815.  Several other studies 
have reported a 20th century increase in accumulation over 
parts of the East Antarctic plateau and the South Pole area. 
Yet, a recent study based on gravity satellite data by Veli-
cogna, published in Geophysical Research Letters in 2009, 
found that Antarctica has been losing mass since 2002, with 
the rate of mass loss accelerating over time. 

Even though we cannot sufficiently resolve a pos-
sible recent trend, our results suggest that accu-
mulation increase might not be valid for the entire 
plateau and that the temporal changes could be 
more complicated than assumed. This fits in with 
the results by Velicogna and  has important impli-
cations for the estimation of the mass balance of 
the East Antarctic ice sheet. 

Our results present insight in spatial and temporal 
variability of accumulation and contribute new 
data for this largely uncovered area. 
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At a meeting of the Russian National Committee for Cli-
mate and Cryosphere (Moscow, 12 May 2009), research 

progress and future plans were discussed. Of new research 
directions related to CliC, the Carbon and Permafrost 
(CAPER) initiative was considered as high priority. CAPER 
is a joint activity of CARBO-North, CAPP, WCRP/CliC 
and IGBP that will promote complementary approaches for 
understanding and quantifying carbon cycle of observation, 
measurements and models for regional-to-global analyses 
and projections.  The Committee also stressed the impor-
tance of studying the impact and response of the cryosphere 
components in the global climate system, and the use of 
cryospheric indicators for climate change detection.

IPY Studies
The first results of Russian IPY studies were discussed in 
Sochy1  (28 Sep–1 Oct 2009). In the course of International 
Polar Year 2007-2008, extensive and comprehensive investi-
gations of the cryosphere were carried out. The meeting dis-
cussed the great scale and variety of the Russian field inves-
tigations in both Polar Regions, with preliminary scientific 
results covering: 1) the state of the Arctic Ocean and its sea 
ice; 2) exploration of the Svalbard Archipelago and glaciers 
in other Arctic regions; 3) studies of the ice mass balance 
and its discharge on the Antarctic continent; 4) observation 
in near-top part of the Elbrus mountain in the Caucasus; 5) 
investigations of interconnections between snow cover the 
atmosphere circulation; 6) and the river runoff features under 
permafrost conditions.

New Academic Journal - Ice and Snow (ISSN 2076-6734)
The first issue of the journal Ice and Snow (http://ice-snow.
igras.ru/) was released early this year. The journal will be 
published quarterly, and is a continuation of the Data of 
Glaciological Studies series published by the former USSR 
Academy of Sciences. The Ice and Snow journal was 
founded by the Russian Academy of Sciences (RAS) and 
contains permanent sections on glaciers and ice sheets; snow 
cover and avalanches; sea-, river-, and lake-ice; underground 
ice and icing; palaeoglaciology; applied problems; critique 
and bibliography; reviews and chronicles.  Its scope also 
includes processes of icing, snow storms and drifts, surging 
glaciers and glacier floods; i.e., the 2002 Kolka Glacier surge 
(described in Ice and Climate News nr. 6, August 2005). The 
journal’s editorial board and office are located at the Institute 
of Geography RAS, and its Chief Editor is Academician 
Vladimir M. Kotlyakov.

Deep Ice-Core Drilling 
Ice-core drilling at the Elbrus western plateau began on 27 
August 2009 and reached bedrock at 181.8 m depth on 6 
September. Due to the late start and logistics difficulties, 

1   Sochy (also spelled Sochi) - site of the XXII Olympic 
Winter Games and XI Paralympic Games in 2014. 

the drilling site was moved from the thickest ice area to the 
ice divide between the Azau and Kukurtlu glaciers in the 
central part of the plateau. Following detailed stratigraphic 
descriptions, the collected ice-cores were packed and stored 
in snow pits at -10°С. Studies included borehole temperatures 
measurements, snow cover research in snow pits, snow and 
firn isotopic composition sampling and density measure-
ments. The density studies registered the rate of penetration 
every 0.1 second. Borehole temperature measurements were 
recorded with a termistor sensor with 0,1°С accuracy. The 
borehole temperature profiles showed close agreement with 
each other and with previous studies (2004). An important 
result is that the temperature in the borehole changes from 
-19°С at the surface to -15°С at 110 m depth, and to -2.4°С at 
the bedrock. Ice-core stratigraphy and temperature data both 
show that the drilling site is representative for most of the firn 
area of the glacier.

One of the more interesting results of ice-core drilling was 
the discovery of a 40 cm layer of pyroclastic material at 
107.27 m depth (Figure 1). This layer has a distinct upper 
boundary and could correspond to the tephra2  blowout of one 
of the Elbrus craters.

This study was supported by Russian Academy of Sciences 
(project №16 of the program №13 Dept. of Earth Sciences 
RAS) and RFBR grants 07-05-00410 and 09-05-10043. (In-
formation by Vladimir Mikhalenko, Stanislav Kutuzov, Ivan 
Lavrentiev, (http://www.paleoglaciology.org/regions/Cauca-
sus/IceCoreDrilling/)

Glaciers
The retreat of Kashkatash, a typical valley glacier in the 
Elbrus area of Caucasus, was studied using various data  from 
as far back as the 1890’s through modern satellite images. 
Fourteen glacier tongue positions over the last 120 years were 

2   A general term for pyroclastic material ejected from a 
volcano. It includes ash, dust, bombs, and other types of frag-
ments.

Figure 1: Ice core from 107,27 m with pyroclastic material. Image: I 

Russian CliC Activities
Tatiana Khromova (tkhromova@gmail.com), Institute of Geography, Russian Academy of Sciences (RAS)
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reconstructed (Fig 2). At least 13 end- and lateral- moraines 
within 900 meters distance from the glacier front position 
in 2009 were identified based on historical-, geomorphic-, 
tree-ring- and lichenometric-data.  According to the tree-ring 
estimate of the oldest tree found on this surface, the minimum 
age of the outer moraine (M7L) is at least 420 years. The top 
of this moraine was overlapped by a later glacier advance 
dating back to AD1841-1842: one of the pine trees growing 
on the distal side of the M7L moraine was damaged by a rock 
falling from this moraine (M6L). The M3-M5 moraines were 
deposited between the 1840s and 1890s, while two advances 
(M1-M2) occurred in the early 20th century. 

In the Polar Urals, lichenomety was used to study fluctua-
tions of seven glaciers in the area. To estimate the growth 
rate of Rhizocarpon subgenus Rhizocarpon lichens, recent 
deglaciated surfaces were used as calibration sites located 
on glacier forelands.  These sites were dated with the aid of 
historical topographic maps, aerial photographs, terrestrial 
photogrammetry, field photographs, and more recent satellite 
images. We also used pits and quarries abandoned between 
the 1940s-1980s and a road built in the early 1980s. Optimum 
diametral growth rates of Rhizocarpon subgenus Rhizocarpon 
were estimated to be ~0.25mm/year for the last 100 years, 
assuming linear growth following the analogues growth curve 
in the Northern Sweden (Denton and Karlen, 1973). Due to 

the lack of old control points, we used a reconstructed mass 
balance curve (1816-2008) to indirectly constrain the age of 
pre-20th-century moraines. The following moraine groups 
were identified near the modern fronts of glaciers: ablation 
moraines deglaciated during the last 40 to 60 years; lateral 
moraines formed in the early 20th century (DLL = 20 mm), 
ice-cored moraines, probably from the 1880s (DLL  = 24 - 26 
mm); moraines probably deposited in the middle of the 19th 
century and ca. 200 years ago (DLL = 30-33 mm and 44-47 
mm, respectively); as well as several more ancient moraines 
(DLL = 70 mm, 90 mm and 110 – 153 mm) deposited dur-
ing glacier advances of almost identical extent. According 
to our tentative lichenometric-age estimates, most moraines 
were formed during the last 450 years, which is consistent 
with previously identified upper tree-limit altitude variations 
in this region. Glacier fluctuations in the Polar Urals are in 
agreement with tree-ring based reconstructions of summer 
temperature spanning the last millennium, and are also in 
tune with glacier behavior elsewhere in the Northern Hemi-
sphere. (Ref: Solomina, O.N., Ivanov, M.N and Bradwell, T., 
2010: Lichenometric studies on moraines in the Polar Urals. 
Geogr. Ann., 92A (1): 81–99) 

Glacier Response to Climate Change in the Polar Urals (PU)
The Polar Urals (on the border between Europe and Siberia) 
extend from 64oN to 68.15oN, with elevations ranging from 
600- to 1200 m amsl.  The Polar Ural is the support region of 
the Russian Subarctic glacier monitoring system. In spite of 
its small size (up to 1 km2), PU research is central for the un-
derstanding of climate change. For the IGAN, Obruchev, and 
MGU glaciers, continuous records of mass balance observa-
tions are available for the period 1958-1981, when geodetic 
measurements of glacier- extent and surface elevations were 
conducted regularly. Early results of these investigations are 
summarized in the Catalogue of Glaciers of the USSR (1966). 

Recent research to quantitatively estimate changes in the 
sizes of PU glaciers was carried out within the framework 
of projects of the Russian Foundation for Basic Research 
(RFBR), National Geographic, and IPY 2007-2008. Data 
were obtained from fieldwork in 2005-2009 on PU glaciers 
and from processing ASTER and Landsat. Fieldwork in-
cluded DGPS surveys of changes in glacier surface elevation 
of selected glaciers and collection of the meteorological and 
mass balance data using automatic weather stations. Results 
show a stable trend of glacier recession in the region. Some 
cirque-valley glaciers experienced up to 56 per cent reduc-
tion in their area during the study period. Analysis of mete-
orological data shows that summer air temperatures rose by 
3ºС in 1946-2005. With no compensating increase of winter 
precipitation, the glacier mass balance values are negative. 
Widespread glacier recession is the result of this unfavora-
ble combination of climatic factors. Information provided 
by G. Nosenko1: gnosenko@mail.ru,, M. Shahgedanova2m.
shahgedanova@reading.ac.uk, A. Muravyev1 1 - Institute of 
Geography, Russian Academy of Science,2 - Walker Institute 
for Climate System Research,The University of Reading, 
Whiteknights, Reading,RG6 6AB, UK.

Figure 2: Forefields of Kashkatach glacier and positions of the moraines. 
Regular font without underscore is used for the minimum tree-ring dates 
(without correction), regular font with underscore – maximum diameters 
of Rhizocarpon geographicum sensu lato. In bold – the numbers of lateral 
left (L) and right (R) side moraines.

Continues next page
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Byrranga Mountain Glaciers, North Central Siberia
Landsat satellite images (2003) showing Byrranga Mountains 
(Taimyr) glacier extent were compared with aerial photo-
graphs dating back to 1967, when they were last studied. 
These images were obtained from the USSR Glacier Inven-
tory. Analysis show that, in total, the Byrranga glaciers have 
reduced in size by about 17% over the period 1967-2003.  We 
conducted the analysis of the glaciers decreased their area by 
the groups - with the same morphological type and aspect. 
Glaciers of all types have shrunk, but the greatest relative de-
crease is inherent to the cirque-valley and corrie types of the 
south- and south-eastern sides.  This is in a good agreement 
with climatic change in this region, both with temperature 
trends and the characteristics of atmospheric circulation over 
the past decade. These results were also compared with simi-
lar estimates of glacier changes in the Suntar-Khayata and 
Chersky mountains, NE Siberia (Ananicheva, at al., 2006). 
Ananicheva, M.D., Kapustin G.A., Koreysha M.M. Glacier 
changes in Suntar-Khayata mountains and Chersky Range 
from the Glacier Inventory of the USSR and satellite images 
2001-2003. Data of glaciologic studies. Moscow, 2006, Pub. 
101,163-169 (in Russian with English summary and figure 
captions).

A Numerical Model of Snow Cover Seasonal Evolution
SPONSOR - a numerical model of the seasonal evolution of 
snow cover (including total cycle of energy/water exchange, 
phase transitions, layered structure and other features) has 
been improved by adding and testing several new procedures. 
New parameterization schemes of solar radiation absorp-
tion by snow, water transfer through snow, and infrared 
radiative fluxes were developed. The improved version of 
the snow cover model was tested against observed data, 
obtained at the Cervenec site in the Western Tatra mountains 
in Slovakia. As several key model parameters have inherent 
uncertainty within some ranges, one cannot guarantee that 
each particular run reflects a real situation. Thus, instead of 
a single model experiment, a series of experiments with the 
same input parameters and different values of model param-
eters within reasonable range should be carried out. A set 

Figure 3: Observed (blue points) and modeled by SPONSOR model (colored 
curves) seasonal evolution of the snow water equivalent at Cervenec (Western 
Tatra mountains, Slovakia) in 2008-2009. Numbers along X axis represent 
days since 1 Nov 2008. Different curves reflect model runs with different 
values of parameters having significant uncertainty.

of runs can be considered successful if the observed values 
fall within the range of uncertainty corresponding to differ-
ent values of model parameters. Total snow water equivalent 
(SWE) according to evaluations and observations is shown in 
Figure 3. As the observed points are mostly within the range 
of the modeled curves, the results are quite successful. The 
conditions in 2008-2009 were quite unusual: slow increase 
of the snow mass during several months, then several heavy 
snowfalls with a sharp increase in SWE, followed by fast 
melting. However, the seasonal evolution was reproduced 
with good accuracy. Further work on the model is devoted 
to better reproduction of the snow layers, their structure, and 
seasonal evolution.  (Information by Andrey Shmakin (an-
drey_shmakin@mail.ru). 

Climate Change Impact on Russian Permafrost Regions: 
Synthesis of Observations and Modelling
An assessment of major environmental and socio-economical 
impacts of climate change in Russian permafrost regions was 
undertaken by a group of experts from the StateHydrologi-
cal institute (St.Petersburg), Permafrost institute (Yakutsk), 
and MIREKO Company for Mineral Resources of the Komi 
Republic, Syktyvkar. The subsequent report was published in 
Russian and English and is available at www.permafrost.su. The 
report gives an overview of the current state and projected 
future of climatic changes in the Russian permafrost region, 
the state of permafrost modelling and permafrost projec-
tions in the region.  It includes an analysis of the population, 
regional GDP structure with evaluation of contributions from 
different sectors. A special case study addressing the potential 
impact of enhanced methane emission from thawing wetlands 
on global climate was conducted. Its key conclusion was that 
the net change of radiative forcing due to this mechanism 
will be too small to cause any noticeable warming. The key 
conclusion of the assessment report is that the projected per-
mafrost change is one of the most serious regional economi-
cal concerns in the context of the global warming.  Refer-
ence: O.Anisimov (Ed.), 2010. Assessment report of climate 
change impacts in Russian permafrost regions: synthesis of 
observations and modelling. Moscow, “Greenpeace publica-
tions”, 43 p. ISBN 978-6-94442-029-9.

Information by Oleg Anisimov (oleg@oa7661.spb.edu), 
Vasiliy Kokorev, Svetlana Reneva, Julia Strelchenko, State 
hydrological institute, St.Petersburg, Russia. 

Evaluation of Climatic Projections for Environmental  
Modelling in Russian Permafrost Regions
Permafrost models of diverse complexity were used in vari-
ous studies to predict changes in frozen ground in the 21st 
century and the environmental and socio-economical impacts 
of these changes. Using essentially different modelling meth-
odologies and forcing climate data, a wide range of results 
were obtained in areal extent, temperature, and seasonal thaw 
depth of frozen ground. Through a comprehensive evaluation 
of climatic projections for Russian permafrost regions, scien-
tists from the Russian State Hydrological institute and the UK 
Hadley Centre worked together to reduce the uncertainties 
associated with the forcing data. To accomplish this, output 
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from 21 GCM runs for the control period in the 20th century 
was used to calculate several climatic characteristics that are 
known to govern the thermal state of permafrost; i.e., thawing 
degree-day sums, annual temperature amplitude, and sums 
of winter precipitation. Results were compared with observa-
tions at weather stations in the Russian permafrost region 
to evaluate the skills of individual models and to rank them 
in the specific context of predictive regional environmental 
modelling. This procedure eliminated the outliers and identi-
fied top-end GCMs that reproduce the behaviour of selected 
climatic parameters on a “better than average” basis.

These “better-than-average” models were used to compose 
several ensembles, each combining results from the various 
GCMs. These ensembles were ranked using the same algo-
rithm, and outliers were eliminated. Ultimately, data from 
the top-ranked ensemble for the period 2000-2100 were used 
to construct the climatic projection that the expert group 
recommends for predictive environmental assessments in the 
Russian permafrost region. This projection was used as input 
to the equilibrium permafrost model to calculate changes in 
the state of the frozen ground. 

Main results:

High-end GCMs that demonstrate excellent skills in 
conventional atmospheric model inter-comparison experi-
ments are not necessarily the best in replicating climatic 
characteristics that govern the state of environment in 
Russian permafrost regions. Independent model evalua-
tion based on the specific criteria is necessary to identify 
“better than average” models.
Each of the ensembles combining results from several 
“better than average” models replicate permafrost-related 
climatic characteristics better than any single GCM. The 
ensemble skills are parameter-specific, depending on what 
the model consists of. The best results are not necessarily 
those based on the ensemble comprised by all “better than 
average” models.
Comprehensive evaluation of climatic scenarios using 
specific criteria narrows the range of uncertainties in 
predictive environmental modelling in the Russian perma-
frost regions.

Information by Oleg Anisimov (oleg@oa7661.spb.edu) (1), 
Rutger Dankers (2), Pete Falloon (2), Jemma Gornall (2), 
Vasiliy Kokorev (1), Svetlana Reneva (1), Julia Strelchenko 
(1), Andy Wiltshire (2). (1) State Hydrological Institute, St. 
Petersburg, Russia. (2) Met Office Hadley Centre, Exeter, 
United Kingdom.

•

•

•

WCRP International Open Science  
Conference: Climate Research in  
Service to Society - 24-28 Oct 2011

The World Climate Research Programme (http://wcrp.
wmo.int) will host a major international Open Science 

Conference (OSC) on 24-28 October 2011 in Denver, Colorado.  

A better understanding of the behav-
iour of the climate system and its 
interactions with other Earth system 
components is critical to predict its 
future evolution, reduce vulnerability 
to high impact weather and climate 
events, and sustain life. To prepare for 
meeting these challenges, the WCRP 
Open Science Conference provides a 
unique opportunity to bring together 
major disciplines and leaders of the 
Earth system research community to 

help identify opportunities to advance further understanding 
and prediction of variability and change in the Earth’s climate 
system from seasons to centuries, and from regions to the 
entire globe. 

Through active dialogue among the international environ-
mental change research experts, the OSC will:

Appraise the current state of climate science, thereby 
making a measurable scientific contribution to the Fifth 
Assessment Report (AR5) of the Intergovernmental Panel 
on Climate Change (IPCC);
Identify key opportunities and challenges in observa-
tions, modelling and analysis towards understanding and 
predicting the Earth’s climate system;
Facilitate discussion on interdisciplinary research required 
to understand and predict responses of the Earth as a sys-
tem to climate variability and change, thus helping chart 
the path forward over the ensuing decades
Highlight priority research in support of the Global 
Framework for Climate Services initiated at the World 
Climate Conference -3. 

By entraining early career scientists and students from across 
the world, especially less-developed and developing nations 
and regions, the OSC will facilitate growth of the diverse 
future workforce needed to meet the increasingly complex 
scientific challenges of the future.

The conference aims to attract the world’s experts to provide 
a unique synthesis of current research findings on climate 
variability and change, to identify the most urgent scientific 
issues and research challenges, and to ascertain how the 
WCRP can best facilitate research and develop partnerships 
critical for progress in the future.

For more information, please visit the conference webpage:
www.wcrp-climate.org/conference2011 or contact the  
Conference Secretariat: info.conf2011@wcrp-climate.org.

•

•

•

•
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The Fourth Meeting of the WCRP  
Observations and Assimilation Panel
Jeff Key (jkey@ssec.wisc.edu), NOAA/NESDIS, Madison, Wisconsin, USA

In 2004 the Joint Scientific Committee (JSC) of the World 
Climate Research Programme (WCRP) created the WCRP 

Observations and Assimilation Panel (WOAP) to promote conti-
nuity and maintenance of high quality climate observations and 
long-term data sets for monitoring, understanding, modelling 
and assessing Earth’s climate system. WOAP’s objectives are to 
define observational requirements for climate system analysis 
and prediction, assist in the optimization of observational strate-
gies for sustained observation, act as a focal point for WCRP 
interactions with other groups and programs, promote and 
coordinate the synthesis of global observations from the atmos-
phere, oceans, land and cryosphere, and promote and coordinate 
WCRP information and data management activities.

WOAP is comprised of representatives from each of the major 
WCRP projects and GCOS (Global Climate Observation 
System). GCOS is a co-sponsor. WOAP also has representa-
tives from the WCRP modelling working groups.  It therefore 
provides a forum for exploring modelling and prediction 
observational needs. In addition, WOAP interacts and represents 
WCRP on observational issues with the Global Earth Observa-
tion System of Systems (GEOSS). WOAP

identifies climate observational requirements;
helps optimize observations;
provides a forum and focal point for WCRP observational 
issues;
promotes and coordinates analysis, reprocessing, reanalysis 
and assimilation;
promotes and coordinates information and data management 
activities, including web sites

The fourth WOAP meeting was held at the KlimaCampus of the 
University of Hamburg (Germany), 28-31 March 2010. It was 
hosted by Detlef Stammer, Institute of Oceanography. Agenda 
items included a report from the JSC on the role of WOAP 
within WCRP, reports from the WCRP groups, coordination 
with GCOS and GEO (Group on Earth Observations), space 
matters and interactions with space agencies, reanalyses, data 
reprocessing and other data activities, in situ issues, and climate 
information. Four task groups were formed to address data mat-
ters, space observations, reanalysis, and GEO/GCOS items. Jeff 
Key represented the CliC project, giving presentations on near-
term and long-term CliC plans, cryosphere reanalyses, reproc-
essing, and data assimilation, and interactions with the GCOS 
and GEOSS. Data reprocessing and CliC’s involvement in the 
Arctic Council’s Snow, Water, Ice, and Permafrost of the Arctic 
(SWIPA) project were of particular interest. Presentations are 
available on request. Key also chaired the task group on satellite 
observations. 

Kevin Trenberth, U.S. National Center for Atmospheric Re-
search, announced that he will be stepping down as WOAP 
chair. Michael Manton, Monash University, Australia (retired), 
will be interim chair.  More information on WOAP is available 
at http://wcrp.ipsl.jussieu.fr/SF_WOAP.html. 

•
•
•

•

•

Workshop on Changes in Surface and 
Ground Water in the Tarim River Basin
Shiyin Liu (liusy@lzb.ac.cn), State Key Laboratory of Cryospheric Science, 
Lanzhou, China

An International Workshop on Changes in Surface and 
Ground Water in the Tarim River Basin (TRB) was success-

fully held during 23-25 November 2009, in Xi’an, a famous Chi-
nese cultural city. The workshop was sponsored by the Bureau of 
International Cooperation, the Chinese Academy of Sciences, the 
National Nature Science Foundation of China, the Cold and Arid 
Regions Environmental Engineering Research Institute, and the 
U.S. National Science Foundation. Additional support was given 
by the Project of Investigation of Glacier Resources and their 
Variations in China, and from the Chinese Ministry of Science 
and Technology. Prof. Qin Dahe, academician of the Chinese 
Academy of Science and director of the State Key Laboratory 
of Cryospheric Science (SKLCS), presided over the workshop 
organizing committee, and the general secretary was Prof. Liu 
Shiyin of SKLCS.

The Tarim River Basin, located to the north of the Tibetan 
plateau, is the largest arid-region endorheic basin in the world. 
The basin area is more than 1,02*104 km2, with a total water re-
source of 42.9×109m3, in which 92.8% is surface runoff and the 
remainder ground water. Within the TRB, there are nine source 
tributaries consisting of 144 rivers; including, the Kaidu-Konque, 
Dina, Weigan, Kuga, Kaxgar, Yarkant, Hotan, Keriya and the 
Qarqan rivers. It is estimated that a certain portion of the surface 
water in the watershed is generated in Kyrgyzstan, Tajikistan and 
Pakistan. There are 13,913 glaciers with meltwater contribution 
amounting to over 40% in river flow. In the last 50 years, the 
physical conditions in the Tarim River Basin have changed ex-
tensively; i.e., reservoirs increased by 10%, urban area increased 
by 52%, and farmland increased by 62%.

The workshop focus was on the following key topics: (1) Dy-
namics and feedbacks of changes in low-atmosphere moisture 
transfer and surface water resources redistribution between natu-
ral stores of waters (seasonal snow cover, glaciers, permafrost, 
lakes, rivers and aquifers); (2) State-of-the-art methods of field 
research, remote sensing, and modelling and their application to 
assist in meeting the project’s scientific objectives; (3) Long-term 
meteorological and hydrological data accessibility and analysis 
for the study region; (4) Data control, data calibration, valida-
tion, and modelling; (5) Transboundary water problems (China, 
Kyrgyzstan, Tajikistan) and integrated water management will 
contribute to discussions related to sustainable social and eco-
nomical development in the TRB. 

Over 90 participants from China, US, Japan, Kyrgyzstan and 
Tajikistan participated. In addition to oral and poster presenta-
tions, the workshop held a half day discussion on the scientific 
problems with a focus on future studies on changes in surface 
and ground water in the TRB. The workshop encouraged 
participants to develop collaborative projects for the above-men-
tioned studies through the US National Science Foundation, the 
National Natural Science Foundation of China, and the Chinese 
Academy of Sciences.
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CryoSat Facts and figures 

Launch: 8 April 2010 
Launcher: Russian/Ukrainian Dnepr, based on SS-18 
intercontinental ballistic missile 
Launch provider: International Space Company Kosmo-
tras 
Launch site: Baikonur Cosmodrome, Kazakhstan 
Mission control: ESA's European Satellite Operations 
Centre (ESOC) in Darmstadt, Germany via ESA's ground 
station in Kiruna, Sweden 
Data processing: Science data download to Kiruna 
ground station. Data is distributed directly to the users 
from Kiruna. Distribution is managed by ESA-ESRIN in 
Frascati, Italy 
Orbit: Mean altitude of 717 km and 92° inclination; low-
Earth, polar, non-Sun-synchronous 
Nominal life: 3 years (plus 6 months commissioning) 
Instruments: SAR Interferometric Radar Altimeter 
(SIRAL), supported by Doppler Orbit and Radio Position-
ing Integration by Satellite (DORIS) and Laser Retro-Re-
flector (LRR) for precision orbit determination 
Satellite mass: 720 kg at launch, including 37 kg of fuel 
Satellite dimensions: 4.6 × 2.4 × 2.2 m 
Power: 2 × GaAs body-mounted solar arrays each deliver-
ing 850 W, 78 AH Li-ion battery 
Satellite Prime Contractor: Astrium GmbH 

•
•

•

•
•

•

•

•
•

•
•
•

•

11th International Circumpolar  
Remote Sensing Symposium  

20-24 September 2010
Scott Polar Research Institute, Cambridge

The conference deals specifically with remote sensing applications in the polar 
environments, both Arctic and Antarctic. It will provide an international forum for 
the discussion of work currently being carried out in the circumpolar regions. Topics 
that have been discussed at previous CRSS meetings have included environmental 
monitoring, the cryosphere, resource prospecting, vegetation measurement, LiDAR, 
RADARSAT, polar GIS applications, and many others. The deadline for abstract 
submission is 31 May, 2010.

Prior to the conference (Monday, 20 September 2010), there will be a one day UK Polar 
Network Workshop on Circumpolar Remote Sensing directed at graduate students and 
other early career researchers. Sessions in development include Open source remote 
sensing and GIS, Imaging climate change, and Innovating new techniques; suggestions 
from potential participants are encouraged. The day will also feature a career mentoring 
panel and will culminate with the CRSS Icebreaker Reception.

Further details of the conference and workshop are under development - please con-
tact Allen Pope at allen.pope [at] polarnetwork.org with questions and input.

(http://alaska.usgs.gov/science/geography/CRSS2010/)

Continued from p. 8 - Cryosat-2 Launch
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Upcoming Cryosphere Conferences and Meetings
Jul 11-14, 2010 - Sterling, VA, USA: US National Science Foundation Workshop 

on Land-Ice Contributions to Future Sea Level. Email: clarkp@onid.orst.edu.
Jul 19-21, 2010 - Lhasa, Tibet: Second CAS-CEOP International Workshop on 

Energy and Water Cycle over the Tibetan Plateau and High-elevations < http://
ceop-cahmda.westgis.ac.cn/ >.

Jul 22-23, 2010 - Leeds, UK: 6th Antarctic Peninsula Climate Change, APCC, 
Workshop < http://www.see.leeds.ac.uk/misc/apcc/ >.

Aug 3-6, 2010: - Buenos Aires, Argentina: XXXI SCAR and Open Science Confer-
ence < http://www.dna.gov.ar/scar2010/>.

Aug 12-14, 2010 - Lijiang, China: Cryospheric Changes and its Influences: 
Regional Sustainable Development < http://www.arcticgovernance.org/confer-
ence-announcement-and-first-call-for-abstracts-cryospheric-issues-in-regional-
sustainable-development.4639529-143981.html >. 

Aug 15-20, 2010 - Columbus, Ohio, USA: IGS - International Symposium on 
Earth's Disappearing Ice: Drivers, Responses and Impacts < http://www.igsoc.
org/symposia/2010/ohio/ >.

Sep 20-24, 2010 - Cambridge, UK: 11th International Circumpolar Remote Sensing 
Symposium < http://alaska.usgs.gov/science/geography/CRSS2010/ >.

Sep 26-20, 2010 - Perth, Scotland: Glob al Change and the World's Mountains < 
http://www.perth.ac.uk/specialistcentres/cms/Conferences/Perth2010/Pages/de-
fault.aspx >.

Oct 24-27, 2010 - Oslo and Kirkenes, Norway: Northern Research Forum 6th Opan 
Assembly: Our Ice Dependent World < http://www.nrf.is/index.php/open-assem-
blies/oslo-2010>.

Oct 25-29, 2010 - WCRP Workshop on Polar Predictability on Seasonal to Multi-
decadal Timescales (by invitation only).

Oct 27-30, 2010 - Valdivia, Chile: International Symposium on Reconstructing 
Climate Variations in South America and the Antarctic Peninsula over the last 
2000 years< http://www.cecs.cl/pages2010/ >.

Jun 27-Jul 08, 2010: Melbourne, Australia: IUGG XXV General Assembly. Earth 
on the Edge: Science for a Sustainable Planet < http://www.iugg2011.com/>.

Oct 24-28, 2011 - Denver, CO: WCRP Open Science Conference: Climate research 
in Serv ice to Society < http://www.wcrp-climate.org/conference2011/>.

Jun 25-29, 2012 - Tyumen, Russia: Tenth International Conference on Permafrost 
(TIVOP); <http://ticop2010.org>.

See regularly updated list of cryosphere meetings at:
<http://clic.npolar.no/disc/index.html>. 
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