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1. MOTIVATION

Knowledge of the ice thickness distribution and the total volume of a glacier is one of the most
important prerequisites when addressing a number of glaciological and hydrological problems: It is
essential for determining the subglacial topography of a glacier, which is a necessary boundary
condition for ice-flow modeling, and ultimately limits the amount of stored water, which is central for
questions linked to water availability, hydrology, or sea level change. Despite this importance,
knowledge about the ice thickness distribution of the various glaciers around the globe is remarkably
limited. This fact is mainly due to the difficulties in measuring glacier ice thickness directly. To
overcome the problem, a series of methods that aim at inferring the total volume and/or the ice
thickness distribution of a glacier from the characteristics of its surface have been developed.

So-called scaling approaches explore empirical relations between the area and the volume of a glacier
(e.g. Chen and Ohmura, 1990; Bahr et al., 1997), partially including other attributes such as glacier
length or mean surface slope (e.g. Luthi, 2009; Radi¢ and Hock, 2011; Grinsted, 2013). Such
approaches, however, only yield an estimate of the total volume of a glacier, leaving the question
about its spatial distribution unanswered. Nye (1952) noted that for the case of an idealized glacier of
infinite width, ice thickness can be calculated from the surface slope when knowing the basal shear
stress and assuming perfect plastic behavior. Nye (1965) successively extended the considerations to
valley glaciers of idealized shapes, whilst Li et al. (2012) extended the method in order to account for
the effect of the side drag from the glacier margins. In these relations, that are all capable of yielding
distributed information about the ice thickness, the required basal shear stress has often been
assumed to be constant (e.g. Schilling and Hollin, 1981). Haeberli and Hoelzle (1995) therefore
proposed to parameterize the basal shear stress as a function of the glacier elevation range, and this
parameterization has now been used in a series of works (e.g. Paul and Linsbauer, 2012; Linsbauer et
al., 2012, Frey et al, 2014; Baubin et al., submitted). Alternative methods based on rigorous inverse
modeling of glacier ice flow have often focused on inferring additional properties at the glacier base
besides ice thickness (e.g. Gudmundsson et al., 2001; Thorsteinsson et al. 2003; Raymond-Pralong,
2011). Early approaches that take into account mass conservation and ice flow dynamics go back to
Budd and Allison (1971) or Rasmussen (1988), an idea further developed by Fastook et al. (1995) or
Farinotti et al. (2009). The latter approach was successively extended by Huss and Farinotti (2012) in
order to present the first estimate of the ice thickness distribution for every single glacier on Earth.
The approach by Clarke et al. (2009), on the other hand, estimates subglacial topography exploring
the concept of neural networks, and can be considered unique in its kind.

In the recent past, the number of additional methods that aim at estimating the glacier bedrock
topography from characteristics of the surface has been increasing at a rapid pace: Methods that
include additional data such as surface velocities and mass balance have been presented (e.g.
McNabb et al., 2012; Farinotti et al., 2013, 2014; Huss and Farinotti, 2014) as well as approaches that



make iterative use of more complex forward models of ice flow (e.g. Van Pelt et al., 2013; Michel et
al.,, 2013, 2014). This has led to a rather confused situation, in which a wealth of approaches are
potentially available, but no assessment that compares the relative strengths and weaknesses of the
models exist. Additionally, the few estimates available for the total glacier volume at the global scale
are based on a very limited number of methods only and their reliability is thus difficult to assess. A
further inconvenience when investigating the accuracy of the individual models, is that
measurements for individual glaciers are scattered across the literature, and are partly inaccessible.

The proposed working group (WG) aims to shed light on the above topics by (A) conducting a model
intercomparison and validation experiment, (B) working towards a consensus assessment of the total
ice volume of the glaciers and ice caps around the globe, and (C) continuing the efforts recently
initiated by the World Glacier Monitoring Service (WGMS) in centralizing the ice thickness
measurements available worldwide. By coordinating its activities with the recently established IACS
WG on “the Randolph Glacier Inventory and infrastructure for glacier monitoring” (RGI-WG from now
on), moreover, the WG aims at establishing a homogenized, freely accessible data base, which will
serve as the reference for the characterization of the world’s glaciers and ice caps, including
information about ice thickness.

2. OBJECTIVES OF THE WG AND PLAN OF ACTION
The proposed WG will aim to:
A) PERFORM A MODEL INTERCOMPARISON AND VALIDATION EXPERIMENT

The aim of the experiment is to perform a thorough comparison of the various models available in
the literature for estimating the total ice volume and ice thickness distribution of individual glaciers.
The general plan of action for the experiment is as follows:

A.1) Define a suitable set of benchmark glaciers. Suitability will be defined through the
representativeness of the individual glaciers and the availability of data for model input and
validation. The set will comprehend 10 to 20 real-world glaciers located in various regions around the
globe, as well as a set of 5 to 10 synthetic glaciers. A wide range of glacier types including valley
glaciers, ice caps, land or marine terminating glaciers, as well as glaciers located in different climatic
regimes will be considered. For each glacier, at least the following data should be available: i) a digital
glacier outline, ii) a digital elevation model of the glacier surface, iii) a set of ice thickness
measurements for validation of the model output. Additional data such as information about surface
mass balance, the rate of ice thickness change, and/or surface flow velocities, will be sought as well.
For the set of synthetic glaciers, full control over the above mentioned parameters will be possible,
thus allowing in-depth model validation. The WG leaders will be in charge of retrieving and
homogenizing the necessary data.

A.2) Perform a round-robin experiment for ice thickness estimation models. This step aims at
generating independent estimates of the total ice volume and the ice thickness distribution of the
glaciers defined in point A.1 with as many models as possible. To this end, an open call for
participation will be posted (on “cryolist” and via the IACS website), whilst authors of published
methods will explicitly be invited (see also section 3). In a first phase, the experiment will be
performed blindly, i.e. the participants will be asked to generate their estimates for ice thickness and
volume without having access to the ice-thickness measurements necessary for validation. In order to
ensure as much fairness as possible (i.e. preventing the tempting possibility of using published data
for partially calibrating the models already), the set of real-world glaciers will include a subset of
glaciers for which ice-thickness measurements are not available yet, but are planned to be collected
in the near future. In a second phase, which will start after having collected the results of the first
phase, the ice thickness data will be released, and the participants be asked to include those data in
their estimates. The results of this second phase will be used to construct a consensus “best guess”
that will serve as reference. In both steps, the additional data mentioned in A.1 will be available to
models that require or are able to include such information, and serve as additional means for
validation.



A.3) Perform a model validation and intercomparison. In this step, the results generated in A.2 will be
validated against the direct measurements (real-world glaciers) or the known bedrock topography
(synthetic glaciers) and the results of the different models be compared to each other. The aim is to
answer the following questions: i) How well do the individual models perform? ii) How well do the
individual models perform for different types of glaciers? iii) What is the minimal input required for a
given model? iv) How does the accuracy of the models evolve when additional data are used? v) How
do the results of the individual models compare to each other? vi) Is it possible to detect a “best
model”, or give an advice for which model should be used in a particular situation? The task of
answering these questions will be assigned to a core team including but not limited to the WG
leaders.

A.4) Present the results to the community. The results of the various steps mentioned above will be
made accessible and presented to the community in the form of one or more scientific publications,
and in the frame of a specific session organized at one major international assembly (e.g. AGU, EGU,
or IUGG). The preparation of the scientific publications will be taken over by the core team
mentioned in A.3, whilst the organization of a conference session will be task of the WG leaders.

B) ASSOCIATE AN ESTIMATE OF THE ICE THICKNESS DISTRIBUTION TO EVERY GLACIER OF THE RGI

Building upon the work and the results of objective A, the WG aims at providing an estimate of the
ice thickness distribution and the total volume to every glacier included in the Randolph Glacier
Inventory (RGl), thus updating the results presented in Huss and Farinotti (2012). To this end, models
that have the capability of dealing with a global data set and that have proven their reliability in the
validation experiment will be asked to generate an according data set. For accomplishing this
objective, close collaboration will be sought with the RGI-WG, which is in charge of updating,
improving, and extending a data base of glacier outlines that is anticipated to become the reference
at the global level. The aim will be to directly embed the newly derived ice thickness estimates in the
RGI-WG data base, thus further strengthening its role as freely accessible, reference source of
homogeneous quality. This step will include the elaboration of a suitable technical document in which
the methods with which the ice thickness estimates are derived will be described in detail and with
consistent notation. This task will be taken over by a second core team that will, again, include but
not be limited to the WG leaders.

C) CONTINUE THE WGMS EFFORT IN THE COLLECTION OF ICE THICKNESS MEASUREMENTS

The WGMS is currently promoting an effort in order to collect and centralize published ice thickness
measurements around the globe, and plans to release a first version of the data base in the course of
the current year (pers. comm. Michael Zemp, Feb. 2014). The leaders of the here proposed WG have
verbally agreed to help in the continuation of the initiated work. In this respect, the WG aims at i)
helping with updates (at least one during the WG life span) and extensions of the data base that is
currently in compilation, and ii) linking the available data to the RGI data base. Similarly as for
objective B, the second point aims at promoting the build-up of one single data source for the global
characterization of individual ice masses. The objective will be achieved by installing a third core team
that will join the WGMS effort. The core team will again include at least one of the WG leaders, and
will work closely with the RGI-WG.

3. ORGANIZATION OF THE WG

The WG will be led by Dr. Huilin Li and Dr. Daniel Farinotti (mentioned above as the “WG leaders”),
and will work along a four year road map (see section 4).

As agreed with the secretary general of IACS, an “advisory board (AB)” consisting of Dr. G. Hilmar
Gudmundsson and Dr. Matthias Huss will supervise the activities of the WG. The AB will serve as the
primary source of advice in questions of both scientific and administrative nature. The AB will not
have an active function in the steering of the WG in general, but act upon request of either the WG
leaders or the IACS Executive. As member of the RGI-WG, Dr. M. Huss will additionally serve as the
primary link between the two IACS WGs (i.e. the RGI-WG and the WG proposed here), although direct
interaction with the RGI-WG leaders (Prof. Regine Hock and Prof. Graham Cogley) is foreseen.



The additional persons (group members) that will actively contribute in achieving the objectives
exposed in section 2 will form the actual WG. In this respect, a series of persons have already been
contacted during the elaboration of this proposal (see table below), and additional group members
are anticipated to join once the WG is becoming active. The various “core teams” mentioned in
section 2 will be formed from the pool of group members, the AB, and the WG leaders. The exact
composition of the core teams will be decided at due time and will depend upon the commitment of
the individual group members.

Table 1: List of persons involved in the WG, including their function “fct” (L=lead, AB=advisory board,
GM=group member). GMs are listed in alphabetical order, and have all confirmed their engagement.

Name Affiliation Email fct
v A T L

Daniel Farinotti (GGeFrg'ageRrer;:ra“r/ch Centre for Geosciences daniel.farinotti@gfz-potsdam.de L

G. Hilmar Gudmundsson |British Antarctic Survey (BAS), United Kingdom [ghg@bas.ac.uk AB
Matthias Huss éa;::igalzc;/y(?/fAI-\:\\//S?\::iti:r:lmjmbgy and huss@vaw.baug.ethz.ch AB
Brian Anderson Victoria University of Wellington, New Zealand |brian.anderson@vuw.ac.nz GM
Liss M. Andreassen gﬁzvc\/tzgr?tszf\,;:;sources and Energy Ima@nve.no GM
David Bahr University of Colorado, USA dbahr@regis.edu GM
Garry K.C. Clarke University of British Columbia (UBC), Canada |clarke@eos.ubc.ca GM
Andrea Fischer Austrian Academy of Sciences, Austria andrea.fischer@oeaw.ac.at GM
Andreas Linsbauer University of Fribourg (UNIFRI), Switzerland andreas.linsbauer@unifr.ch GM
Martin Luethi University of Zurich (GIUZ), Switzerland martin.luethi@geo.uzh.ch GM
Horst I\/Iachguth Arctic Technology Centre (ARTEK), Denmark homac@byg.dtu.dk GM
Robert W. McNabb University of Alaska Fairbanks (UAF), USA mcnabb@gi.alaska.edu GM
Matthieu Morlighem University of California (JPL), USA mathieu.morlighem@jpl.nasa.gov GM
Felix Ng University of Sheffield, United Kingdom f.ng@sheffield.ac.uk GM
Lasse Rabenstein Institute of Geophysics, ETH Zurich, Switzerland [rabenstein@aug.ig.erdw.ethz.ch | GM
Valentina Radic University of British Columbia, Canada vradic@eos.ubc.ca GM
L. Al Rasmussen University of Washington, USA lar@ess.washington.edu GM
Ward J. J. van Pelt Norwegian Polar Institute (NPI), Norway ward.van.pelt@npolar.no GM
Puyuwors e B e o
Michael Zemp University of Zurich (GIUZ), Switzerland michael.zempgeo.uzh.ch GM

4. DELIVERABLES, MILESTONES, AND TIME SCHEDULE

The WG plans its activities during standard four year term, which will allow it to align with the
schedule proposed by the RGI-WG. The milestones and deliverable foreseen during this time period
are listed hereafter and grouped according to the objectives stated in section 2. “NLT” stands for “not
later than”; “FB” stands for “from the beginning of the formal existence of the WG”. Figure 1
visualizes the planned time schedule.

4.1 Deliverables, milestones and time schedule for achieving Objective A

Milestone 1 (NLT 6 months FB): The set of benchmark glaciers for the model intercomparison and
validation experiment is defined, the necessary data retrieved and homogenized, the exact rules
according to which the experiment will take place designed.

Deliverable 1(NLT 7 months FB): An open call for participation in the model intercomparison and



Objective

validation experiment is posted.

Milestone 2 (NLT 8 months FB): The final composition of the WG members is defined through the
commitment of individual persons in participating to the experiment.

Milestone 3 (NLT 12 months FB): The results of the first phase of the experiment are delivered to the
WG leaders. The data for the second phase are released.

Milestone 4 (NLT 16 months FB): The results of the second phase are delivered to the WG leaders.
Deliverable 2 (NLT 20 months FB): A workshop is organized for presenting and discussing the various
results obtained from the different models.

Milestone 5 (NLT 25 months FB): The analysis of the results is completed; a draft of the publication is
circulated amongst the participants.

Deliverable 3 (NLT 30 months FB): A scientific publication relative to the intercomparison and
validation experiment is submitted to an international, open-access journal.

4.2 Deliverables, milestones and time schedule for achieving Objective B

Milestone 6 (NLT 25 months FB): The models suitable for calculating an ice thickness distribution for
every glacier around the globe are defined; the final composition of the core team working on
objective B is defined.

Milestone 7 (NLT 36 months FB): The results necessary for achieving objective B are available.
Deliverable 4 (NLT 48 months FB): The results of Milestone 7 are embedded in the RGI data base.

4.3 Deliverables, milestones and time schedule for achieving Objective C
Milestone 8 (NLT 4 months FB): The core team that will join the efforts of the WGMS is defined, and
the contact to the group active currently is established.

Milestone 9 (NLT 12 months FB): The strategy for including the data into the data base elaborated by
the RGI-WG is defined.

Deliverable 5 (NLT 24 months FB): The first version of the data is embedded in the RGI data base.
Deliverable 6 (NLT 48 months FB): The RGI data base is updated with a second release.
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Figure 1: Time schedule of the proposed WG. White (black) circles refer to milestones (deliverables).
The numbers in the second row (counted from top) are “months FB”.

5. CONCLUDING REMARKS

The two WG leaders (and others) have submitted a session proposal for the upcoming IUGG assembly
in Prague (June/July 2015) entitled “Advances in estimating and measuring glacier ice thicknesses”. If
accepted, the event could serve as natural occasion for reporting on the WG progress to the scientific
audience.

The success of the WG as well as the speed with which progress will be achieved will strongly depend
on the efforts of the individual group members. The time schedule exposed in section 4 is set up
taking into account that all participants will work on a voluntary basis.

The time schedule for objectives B and C is tentative and will be adjusted according to the progress of
the RGI-WG. In particular, the timing for the release of the individual data sets will be aligned to the
planned RGI releases.
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