




 


Summary and discussion: conclusions and challenges 
 
Georg Kaser, Liss Andreassen, Anthony Arendt, Graham Cogley, Jon Ove Hagen 
 
In order to sum up the Workshop on Mass Balance Measurements and Modelling, the 
organisers planned to convene for a final discussion session. For this, we have provided a 
brief introductory presentation and an outline of the discussion on today’s and future 
challenges and the respective targets to be met. The launch of a new Working Group on 
Glacier Mass Balance Terminology and Methods under the umbrella of the International 
Association of Cryospheric Sciences, IACS, provided a focus for the discussion. The 
discussion was chaired by G. Kaser. The following minutes of the session are based on the 
introductory presentation by G. Kaser, with contributions from Liss Andreassen and Jon Ove 
Hagen, and on notes of the discussion taken by Graham Cogley and Anthony Arendt. 
 
 
Where have we come from? 
Throughout the workshop, reference was made repeatedly to two previous meetings. 
 
In 1962, a symposium on the ‘Problems of Mass Balance Studies’ was held in Cambridge, 
England, to celebrate the twenty-fifth anniversary of the founding of the Society that is now 
the International Glaciological Society, IGS. There, the contribution of Mark F. Meier 
‘Proposed definitions for glacier mass budget terms’ (Meier, 1962) set standards for the 
practice of measuring glacier mass balance and for the terminology widely used since then. It 
led to intensive discussion in the community, and eventually to the formation of a Working 
Group of the International Commission on Snow and Ice (ICSI-IAHS) which published 
guidelines on mass-balance terminology (UNESCO, 1970). An excerpt of this document 
published in Journal of Glaciology (Anonymous, 1969) is more often cited. 
 
In 1998, a workshop on ‘Methods of Mass Balance Measurements and Modelling’, initiated 
by the International Commission on Snow and Ice, ICSI, was held in Tarfala, Sweden 
(Jansson et al., 1998). There, the focus was mainly on  


• How representative are ‘benchmark’ glaciers? 
• How many stakes are needed? 
• Geodetic versus direct mass balance measurements. 
• Indirect methods, remote sensing. 
• Can we obtain point information from geodetic measurements? 
• Mass balance modelling. 


The papers presented and a summary of the workshop are published in Jansson et al. 
(1998). Now, ten years later, it was agreed that there was a need for a new mass balance 
symposium. 
 
 
Here and now: Skeikampen 2008 
The conveners were successful in attracting a large number of presentations. In total, 99 
abstracts were accepted for presentation at the workshop. More than 80 persons from 
Europe, USA, Canada, Chile, Russia, New Zealand, Japan and India participated at the 
three-day workshop. Oral and poster presentations covered each of the topics announced in 
the workshop call: 


• Regional and global assessments of glacier volume change 
• Expanding mass balance measurements to unmeasured glaciers 
• New measurement techniques 
• Homogenization of long-term mass balance records 
• Uncertainty in glacier mass balance assessments 
• Use of weather station data on glaciers for observing and/or modelling mass balance 
• Mass balance modelling 







 


 
In detail, the workshop presentations covered a wide range of subjects, from new automated 
equipment for mass balance measurements at Greenland and new methods for estimating 
calving fluxes to overview talks on mass balance assessments and monitoring. The need for 
richer mass balance data and for continuation of long-term series was also addressed. 
Additional reports about newly established ‘mass-balance glaciers’ and about the resumption 
of interrupted time series were welcomed warmly by the audience. 
 
Several important discussion points were raised, some of them also discussed during the  
Tarfala meeting in 1998, but still very relevant: 


• Should we rely more on single-point measurements to avoid problems with, for 
example, the definition of outlines on small glaciers? Maybe single-point monitoring is 
the best way to detect the climate signal? 


• How do we handle area shrinkage? For how long can a reference area be used for 
mass balance calculations, and what should be the role of the reference-surface 
balance in climatic and other applications of mass-balance data? 


• Can we use and trust the linear model of Lliboutry for small glaciers? 
• We need to know mass balance gradients – so that we continue to need data from 


stakes on a central flow line from low to high elevation. 
• Geodetic versus direct measurements: geodetic measurements may give mass 


changes, but not the climate signal as they yield no information about accumulation 
or ablation changes. 


• And again: what is a representative glacier?  
 
 
Where to go? 
Reflecting on the three workshop days, the following conceptual questions were posed as a 
preface for the discussion to follow: 
 
Why does one want to know the mass balance of a glacier? 


• For scientific purposes, or for providing public outreach? 
• For documenting the change of the glacier per se? 
• For understanding the observed change? 
• For assessing the potential impacts on hazards, regional hydrology, sea level 


change?  
• For detecting a climate signal? 


 
We see several obvious problems such as the inconsistent use of terminology and methods, 
often as a result of targets not being defined clearly. Only if these targets are clearly set can 
the following kinds of requirements be defined for a glacier mass balance programme: 


• What to measure. 
• How to measure. 
• How accurately to measure. 
• How to model with which type of model. 
• How to extrapolate in space and time. 


 
 
An IACS Working Group on Glacier Mass Balance Terminology and Methods 
The following themes for the Working Group on Glacier Mass Balance Terminology and 
Methods were proposed by the designated chairman of the WG, Graham Cogley: 


• Terminology (e.g. ELA, specific mass balance, snow line are often used in 
disagreement with the traditional definitions); 


• Methods of measurement (e.g. new methods in addition to or versus old ones); 
• Methods of interpolation and extrapolation (in time and space); 
• Homogenisation of long mass-balance time series. 







 


In discussion, the detailed minutes of which appear below, suggestions offered for additional 
themes and details included: 


• Minimum standards for the reporting of measurement uncertainties; 
• The need for a readily accessible glossary or similar document; 
• Centralized access to glaciological data. 


 
 
Discussion 
G. Østrem:  It is very important to have a proper understanding of measurements made at 
mass-balance stakes. A wooden stake, for example, may float in meltwater which 
accumulates at the bottom of its hole. I experienced this and other practical problems when 
working with V. Schytt and O. Liestøl as long ago as the 1950s, and on glaciers in western 
Canada during the 1960s, and some of them have not really been solved even today. 
 
R.J. Braithwaite: The real value of the new Working Group will lie in the opportunity it 
affords for conversation between glaciologists with common interests, and thus for the 
development of new perspectives on common problems. The group should have a well-
defined direction, and we should encourage diversity within the group whenever possible. 
 
G. Kaser: Of course it will be up to the group to determine how its work should evolve. 
 
C.A. Shuman: G. Østrem’s points are well taken. It would be valuable for ‘old’ knowledge to 
be accessible to new generations of field workers who would not therefore be constrained to 
reinvent the wheel. We can now preserve such knowledge with modern technology. 
 
G. Kaser: I agree, although it could become a labour of Sisyphus. 
 
A.G. Krusic: We have rules to follow from the 1962 Cambridge symposium, the 1998 
Tarfala workshop, and other sources. Why are the rules so often not followed? The usage of 
the term ‘equilibrium line altitude’ is a case in point. As a minimum, authors should define 
their terms, especially if the usage differs from existing standards. 
 
G. Kaser: Strictly, the ELA is the altitude z at which the balance curve b(z) intersects 
b = 0. But the remote-sensing community often works with a quite different definition, based 
on what can be seen with their sensors. J. Kohler’s presentation was a good example. I do 
not complain about this, but it illustrates the problem of avoiding ambiguity. 
 
G. Østrem:  Consider the word ‘snowline’. What does it mean? There are so many variants 
that I try never to use ‘snowline’ without a qualifier, such as ‘transient’ or ‘climatic’. 
 
R.J. Braithwaite: We have editors and referees to ensure the consistent use of 
terminology. At least, they ought to do so. 
 
M.M. Magnússon: Bear in mind that editors and referees also need guidelines. If they 
could refer authors to an approved set of guidelines their jobs would be simpler. 
 
A.S. Gardner: We need to exploit modern technology more extensively. For example the 
American Meteorological Society hosts an online dictionary which I can consult for the 
meaning of almost any word connected with meteorology. The glaciology community should 
follow this practice and compile an online database of terminology. 
 
A.A. Arendt: I would like to see the Working Group focus some of its attention on error 
analysis. Perhaps it could recommend minimum standards for the reporting of measurement 
uncertainties, for example. An additional point is that new methods, such as aircraft altimetry, 
introduce an entirely different set of measurements that must be defined with reference to 
existing conventional terminology. 







 


G. Kaser: Yes, that would be useful. Perhaps at this point I can raise the question of 
homogenization, or reanalysis of old time series on a uniform basis. Is it necessary, and, if 
so, should each group do its own homogenisation or should one group be responsible for 
homogenising all mass-balance series? Should there be guidelines for standard procedure, 
and how should the products be organized? How should reanalyzed series be earmarked, 
and should the older series continue to be available? Is it preferable to provide the raw 
measurements so that individual researchers can conduct their own reanalyses? 
 
M. Prithviraj: An important subject that has not been mentioned yet is access to data. It is 
essential to be able to obtain the results of glaciological measurements, preferably from a 
central site. GSDA, the Global Spatial Data Archive, is an example, and we are establishing 
a national equivalent of that in India. So I would urge the Working Group to consider ways of 
improving the accessibility of data. 
 
G. Kaser I agree with you, but I am not sure there is general agreement on that point. 
 
R.J. Braithwaite: I am a little concerned about the available resources. Much of what is 
being suggested will require funding, and it is not clear where the funds might come from. 
 
G. Kaser: But perhaps, when some progress has been made, it would be possible to 
secure such funds for further work. 
 
H. Escher-Vetter: We do need to homogenize long mass-balance time series. However I 
would like to see guidelines about how to do it, in order to facilitate intercomparison of 
datasets. While it is not possible to homogenize all data, at least some minimum level of 
metadata is necessary.  
 
M. Shahgedanova: In meteorology and climatology there are standard texts to which 
practitioners can refer for information about how to homogenize long time series. Probably 
we in glaciology could take guidance from those sources. Can we commission a manual or 
paper that would provide guidelines for homogenization? 
 
W. Haeberli: The community should be telling the World Glacier Monitoring Service what to 
do! I think that the Working Group has a very important task to carry out, especially in the 
clarification of terminology. It is important that WGMS be involved in this, as indeed it already 
is through the membership of M. Zemp. 
 
J.G. Cogley: May I emphasize that membership of the Working Group is open to all who 
express an interest, which can be done simply by sending a message to gcogley@trentu.ca. 
The Working Group will begin quite informally. Its first business will be to define its scope in 
more detail and to develop a working agenda. It could then go on to produce one or more 
short discussion papers on specific subjects. The final product(s) would emerge from these 
working documents. 
 
G. Kaser: It is important to be aware that IACS, the International Association of 
Cryospheric Sciences, has a policy that Working Groups should remain in being for not 
longer than four years, and that their work should result in a well-defined product or products. 
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