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Detailed author reply to review comments on “Uncertainties and re-analysis of 
glacier mass balance measurements” 

 

M. Zemp et al. 

 

Correspondence to : M. Zemp (michael.zemp@geo.uzh.ch) 

This is a supplement to the general author reply to review comments. 

(A) Feedback by M. Pelto (Referee) 

 

 

Zemp et al.: Clarified in the paper. See general comments section. 

 

Zemp et al.: A corresponding recommendation was added to the paper. See general comments 
section. 

 

Zemp et al.: We extended the existing statement about the extrapolation issue of geodetic 
survey profiles in Paragraph 1 of Section 2.3 (Geodetic observation method). See general 
comments section. 
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Zemp et al.: clarified in text. 

 

Zemp et al.: Snowline is observed, ELA is calculated. See general comments section. 

 

Zemp et al.: Reference to Fountain and Vecchia (1999) and to Pelto (2000) included. 

 

Zemp et al.: Reworded. 

 

Zemp et al.: The „underlying principle of the glaciological method“ is stated in the first 
paragraph of Section 3 (P802, L20-22). The point of periodically reassessing the mass balance 
distribution was included (see general comments section). 

 

Zemp et al.: We extended the existing statement about the extrapolation issue of geodetic 
survey profiles in Paragraph 1 of Section 2.3 (Geodetic observation method). See general 
comments section. 
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Zemp et al.: we moved two sections to Appendices A and B. See also general comments 
section. 

 

Zemp et al.: We agree with regard to capturing the spatial distribution (and added a 
corresponding statement, see general comments section) but disagree for temporal variability 
(see Lliboutry, 1974; Vallon). 

 

Zemp et al.: We clarified the difference between observed snowline and equilibrium line. See 
general comments section. 

 

Zemp et al.: done 

 

Zemp et al.: we do not give a typical density of the observational network since this varies 
from glacier to glacier and over time. Moreover, the density of the sampling sites is not the 
only parameter to be considere; others are the spatial variability of the mass balance, its 
stability over time, and the stake-to-stake correlation of the mass balance. If the spatial 
variability were to be known perfectly and to be stable over time, a single point balance 
would be enough to record the year-to-year variation, regardless of the glacier size (e.g. 
Rasmussen, GRL 2004). 
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Zemp et al.: A corresponding recommendation (and the reference to Van Beusekom et al., 
2010) was added to the paper. See general comments section. 

 

Zemp et al.: done. 

 

Zemp et al.: we added a corresponding list of abbreviations. 

 

(B) Feedback by G. Cogely (Referee) 

 

Zemp et al.: We deleted the hyphen. For further clarification, we add a brief definition in 
Section 3 and use ‘reanalysing’ rather than ‘reanalysis’ since the latter is strongly linked to 
atmospheric reanalysis products. See also the general comments section. 

 

Zemp et al.: done. 

 

Zemp et al.: we agree, see general comments section. No changes made in paper. 

 

Zemp et al.: revised in entire text; ‘decadal’ was replaced in most cases by ‘multi-annual’. 

 

Zemp et al.: done. 

 

Zemp et al.: done. 

 

Zemp et al.: done. 
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Zemp et al.: Done by introducing the following statement: “Note that the analysis in this 
paper is focussed on conventional balances. Obtaining reference-surface balances would 
require correcting both to the reference area and to the reference elevation. This can only be 
solved with a distributed mass balance model (e.g., Paul, 2010; Huss et al., 2012) and would 
introduce further elements of uncertainty.” 

 

Zemp et al.: entire paragraph deleted in order to shorten Section 2. See also general comments 
section. 

 

Zemp et al.: done 

 

Zemp et al.: We shortened Sections 2, 3, and 4. See also general comments section. 

 

Zemp et al.: done and following sentences clarified. 

 

Zemp et al.: We assume that this comment refers to issues related to interal and basal mass 
balance components. Section 2.3 cover with the generic differences between the glaciological 
and the geodetic mass balance whereas Sections 2.1 and 2.2. cover the glaciological (=surface 
components only) and geodetic (=surface, internal & basal) methods, respectively. For 
reasons of clarity, we prefer keeping these three sections strictly seperated. 
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Zemp et al.: We added explaining text to Section 2.1 (Terminology and components..) and to 
Section 3 (Conceptual framework for…). See also general comments section. 

 

Zemp et al.: We agree and correct Eq. 15. Consequently, we delete Eq. 22 and adjust Eqs. 26 
and 27. Changing Eq. 15 does only impact annual geodetic uncertainties calculated from their 
estimation/model over the period of records (in Section 5.3,  Figs. 2, 3, 5, Appendix C) but 
not does not impact results over the entire period of records. And it does not affect any of the 
conclusions as the comparions test are provided on cumulated balances. As a consequence of 
this correction, we decide keeping Eqs. 11 to 15 and add a comment to Eq. 15. This will help 
readers to reproduce our calculations. See also general comments section.  

 

Zemp et al.: We change “overlap” to “are large enough” in this general sentence, the 
calculation framework and all details being given in the following paragraph. Stundent’s-t and 
F tests are suited for comparisons of mean and variance, respectively. A student test would be 
suited for a comparison on empirical estimates of mean (measurement values in our case), the 
real variance being unknow (just an empirical estimate being available). Here, our estimates 
of measurement uncertainties result from a physical approach and we consider sigma as 
known (or estimated with a degree of freedom higher than 40). Therefore our test is like a 
Studend test of infinite degree of freedom in which the student function tends towards a 
reduced normal law. Moreover, we assume the results to be normally distributed (which is not 
a mandatory condition to perform this test). The measurement difference delta.PoR (Eq. 20) is 
therefore expected to follow a normal law with a variance sigma.common.Por (Eq. 21). As we 
test the null hypotheses, the reduced variable discrepancy delta (Eq. 23) follows a centred 
gaussian of unit variance. Acceptance of H0 is regarded as a comparison with this unit 
variance.

 

Zemp et al.: The values +/-1.96 and +/-1.64 indicate a confidence level of 95% and 90%, 
respectively, in a standard (zero-mean, unit-variance) normal distribution and corresponds to 
the often used 2xsigma and 1xsigma uncertainties) as explained in Section 3.4, lines 807-808, 
and illustrated in Figure 4. 

 
 

Zemp et al.: done. 

 



 7

Zemp et al.: done. 

 

Zemp et al.: In reality, geodetic surveys do not completely cover the full time period of the 
glaciological observations and are subject to systematic and random errors themselves. A per 
default calibration to geodetic balances does, hence, not make sense. See also general 
comments section. We added an example on how to deal with this ambiguity in Sections 5.1 
and 5.3. 

 

Zemp et al.: In the manuscript, the random uncertainty of measurements at point location of 
300 refers to Lliboutry (1974); for Cogley and Adams (1998) it is: 200. 

 

Zemp et al.: This is because the values do not refer to exactly the same sample. We adjusted 
this paragraph to avoid this kind of confusion. 

 

Zemp et al.: all comments considered and the majority of corresponding paragraphs revised. 

 

(C) Feedback by R. Hock (Referee) 

 

Zemp et al.: We agree that the validation of the two balances must consider the uncertainties 
of both the glaciological and the geodetic balance. This is exactly why we are using the 
common variance (Eq. 21) to compare the difference between the two methods. The outcome 
of the test is just to detect a significant difference between the both mesurements within their 
scattering. Not to assign the biais to one of the two balances. A fraction of the biais might be 
shared out by both balances, and the “true” value a third unknown value. 

To go further from the above statistics, we need therefore metrology and physical 
considerations. We aggree with R. Hock’s comment that the occurrence and the extent of 
systematic error in the glaciological balance are not larger than in the geodetic. But the 
glaciological measurements are repeated every year to cover a given period of record of N 
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years, so that, if present, they might accumulate linearly from year to year, while the geodetic 
is performed by one differenciation (two measurments) over the same period of N years. 
Considering physics, the annual glaciological measurement is defined from the previous year 
surface, while the geodetic is defined relative to a fix (ground) surface. The surface 
integration of point balances is also a potential source of systematic error in the glaciological 
method. In the geodetic, the volume to water equivalent conversion is the main source of bias. 
The geodetic balance seams therefore reasonably less affected by systematic error 
accumulation than the glaciological and, among both measurements, provides the best 
unbiased estimation of the balance over a long period. 

Adjusting the cumulative glaciological to the geodetic balance allows maintaining the relative 
annual variability of the glaciological balance and – at the same time – adjusting to the 
absolute multi-annual value of the geodetic method. See also general comments section. We 
do not see the benefit or reasoning for adjusting the geodetic to the glaciological series. 

Despite all physical considerations and in line with R. Hock comment, we admit that 
adjusting the cumulative glaciological to the geodetic is a convention and remains somewhat 
arbitrary as it implies that it is the best estimate of the balance. 

 

Zemp et al.: The values given in recommendation III of Section 5.4 are only a first indication 
for a reanalysing need. Note that the need for reanalysing a balance series does not necessarily 
result in calibration. We change these three thresholds into a more general statement and one 
value (derived from our dataset). Also, we add comments in abstract and conclusions to avoid 
the potential misunderstanding between “reanalyse” and “calibrate”. As explained above, we 
do consider the uncertainty of both methods. 

 

Zemp et al.: (a) we deleted Eq. 22 but keep the others since even the simple equations allow 
explaining something very clearly and do not use a lot of space. (b) done. (c) done. In 
addition, we shortened Sections 2 and 3. See also general comments section.  
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Zemp et al.: Chapter 3 does in fact start with an overview text and figure (Fig. 1) explaining 
the six reanalysing steps. We added short definitons for the main reanalysing steps, delete the 
section summaries in Chapters 2 and 3, and add a paragraph on the essence of the new 
reanalysing framework to the conclusions. 

 

Zemp et al.: The corresponding statement in Section 2.2 was extended based on the comment 
by Graham Cogley: “Note that floating glacier tongues and ice shelves are not considered 
here, because their mass balance is often dominated by frontal and basal terms that are not 
addressed by the glaciological method (cf., Kaser et al., 2003).” 

 

Zemp et al.: a) done. b) done. 

 

Zemp et al.: We are not using ‘reanalysing’ and ‘calibrating’ for the same process. See 
specific and general comments section. Text clarified based on recommendations by Graham 
Cogley. 
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Zemp et al.: We replaced PoR by ‘balance period’ in most cases but introduced and use the 
acronym when related to equations or tables. 

 

Zemp et al.: done. 

 

Zemp et al.: done. 

 

Zemp et al.: done. 

 

Zemp et al.: done. 

 

Zemp et al.: term deleted here and explained later at Eq. 4 

 

Zemp et al.: The components of the internal and basal balance are discussed in Section 2.4 
(Generic differences between glaciological and geodetic balance). 

 

 

Zemp et al.: The issue of conventional and reference-surface balance is common to all mass 
balance programs and an essential step of the homogenization. Hence, we do not delete this 
paragraph but clarified it based on the comments by Regine Hock and Graham Cogley. 

 

Zemp et al.: done. 

 

 Zemp et al.: corrected based on comments by Graham Cogley. 
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Zemp et al.: we changed to ‚specific mass balance‘ but keep the information about the unit. 

 

Zemp et al.: We agree that the assumption of a linear area change through time might be 
wrong. However, this is the most common approach for geodetic volume change assessments 
and based on the observations available (i.e., S0, S1, dV). This two points together is our 
reasoning for explicitely formulating the basic assumption behind Eq. 9. 

 

Zemp et al.: The issue about density conversion is discussed in Section 2.4 (Generic 
differences between glaciological and geodetic balance). 

 

Zemp et al.: We replace ‚surface‘ by ‚surface, internal, and basal balance‘. The term 
‘climatic-basal balance’ is misleading since it indicates that surface and internal balances are 
climatic components and that the basal balance is completely independent from climatic 
influences. 

 

Zemp et al.: see comments above about shortining the paper. 

 

Zemp et al.: We added short definitions for key terms in Chapter 3. 

 

Zemp et al.: done. 

 

Zemp et al.: Not replaced because ‘calibrated’ and ‘reanalyzed’ have two different meanings. 
We clarified this in the Chapter 3. 

 

Zemp et al.: Yes but summer balance is usually not measured. See specific and general 
comments sections. 
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Zemp et al.: Both terms are used in their specific meaning (as defined and explained in 
Chapter 3). The context is given in line 15. 

 

Zemp et al.: We agree that some statements are basic theory but – unfortunately – still the 
cause of misconceptions in many studies. Hence, we believe it is important to (re-)emphasize 
these basic issues. 

 

Zemp et al.: done. 

 

Zemp et al.: No, we use ‘rho’ for density and ‘delta’ for reduced discrepancy. 


