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Comments on ''Annual net balance qf North Cascade glaciers, 
1984- 94" by Mau ri S. Pelto 

The mass balance is the critical link in understanding be
tween clim a tic change and fluctu ations of glaciers, and this 
understanding is assuming g reater importa nce as society 
worries abo ut sea-level rise, water-supply reduc tions and 
other possible consequences of our changing climate. Un
fortunately, too few data exist on the mass balances of the 
Earth's glac ier s, making it difficult to esta bli sh thi s link 
with confidence. vVe therefore welcome the release of new 
d ata, especia lly data which represent eight to ten glaciers 
and a 10 year time seri es. 

Pelto's most recent paper (Pelto, 1996) adds severa l years 
of new data a nd some add i tional analyses to h is prev ious 
papers on this subj ect (e.g. Pelto, 1987, 1988, 1993). These 
data might be a useful addition to the global data se t on gla
cier mass ba la nces, which is under active study by many of 
us. In order to include new information in such a nalyses, one 
has to scrutini ze the data very carefull y, as the results of any 
broad compil a tion can be no be tter than the quality of the 
input data . In order to have confidence in these North Cas
cades data, we believe tha t a dditional explanation of hi s 
field d a t a -coll ection me thod s is needed. "Ve note th e 
following points which engender questi ons: 

(1) The balance in the accumulation area. The author states that 
he include more measurement points or la rger point den i
ties than do other workers in the U.S.A., Canada, Norway 
or Switzerla nd. We would like to know more about how he 
obtains these data points: probing with a copper tube and a 
I kg weight is, in our experi ence, inadequa te fo r sounding 
summer snowpacks in the orth Cascades which a re thick, 
dense and contain icy hori zons, a nd wh ich som etimes do not 
show a major ha rdness discontinuity across the summer sur
face. H e a lso measures the depth to summer surface on cre
vasse wall s, a method tha t is known to be unreliable and 
which is therefore not used by m any inves tigators, in spite 
of its convenience. Experi ence a t South Cascad e a nd Blue 
Glaciers a nd similar glaciers has shown tha t summer sur
faces are not a lways marked by dust layers, and such layers 
may be created by dust-raising storms at other times of year. 
His fi gure 2, showing a measurement network, looks like a 
rectangula r g rid, which would suggest a major probing pro
j ect but which would not be expected if ma ny of the mea
surements we re made on c r evasse walls. Were sur veys 
conducted to locate these measurement poi nts? T n our ex
perience, it would take an exp erienced team with an efTi
cient probe several days to m easure 200 points reliably on 
one of these glaciers; one would also expect to a llow time 
for coring or pit digging to b e sure of identifying the true 
summer surface. 

(2) The balance in the ablation area. We are sure that the author 
has made a mista ke in implying that long wooden stakes 
could be driven into the ice of the ablation area. It is hard 
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to imagine how the net balance of up to - 7 m w.e. , as has 
bee n seen commonly nea r the terminus on nearby South 
C ascade Glacier, could be measured with stakes 3.3 m long, 
visited onl y once or perhaps twice p er year. Only with the 
most fortuitous ti ming on multiple trips could one exp ect to 
r evisit stakes before they loosened and degraded the record. 
D eep drilling (more than 7 m) could be employed, but the 
drilling would take time and one would need to ensure that 
the wooden stakes did not float up. In our experience, set
ting deep stakes to measure the ice melt over the a bla tion 
area just once on one glacier wou ld take an exp e ri enced 
pa rty at least a full day even on one of the small ice m asses 
studied here. 

(3) T he mass-balance computation system. Pelto confuses sys
tems: he refers to M ayo and others (1972), but the thrust of 
tha t reference, as well as the Inte rnational Hyd rological 
D ecade standa rds a nd published g uides that are adhered to 
internationally, is that thefixed-date a nd stmtigmphic systems 
should not be confused. He states th at," [ a] nnual ba la nce is 
the difference b e tween annu al snow acc umul a ti o n a nd 
(a bla ti on)" (p. 3), which is imprecise, and he m eas ures 
n either. Pelto seem s to measure to the summer surface in 
th e acc umulation zone (stratigraphic system) in la teJulyj 
early August, perhaps with a check in late September, and 
records the balance in the ablation zone on a fixed da te. H e 
confuses the issue by using the title, '\L\nnual net ba la nce .. :', 
and referring elsewhere to "net a nnual balances"; a re th ese 
net balances or annual balances? What are they? 

(4) Field schedule. Pelto states,"Because all of the sites a re ac
cessed by backpacking, it has not been a problem to reach 
each glac ier at the right date" (p. 5). \Ve wou ld exp ect to 
sp end a minimum of I d packing in, I or 2 d in the accumu
lation basin, 1 d in the ablation a rea, 1 d packing o ut, per 
single glacier visit, which comes to something like a 40 d 
field season to m easure eight glaeiers just once, a nd with no 
allowance for bad weather, tool o r instrument fa ilure, re
c uperation or other con tingencies. End-of-summer (la te 
September) observa tion wou ld a dd another like p eriod. 
vVe wou ld be curious to know how a ll of these m easure
m e nts were made in the short ti m es and on th e " right 
d a tes" as reported . 

(5) "Cross-correlation" anarysis. The correlation coefficients re
pOt-ted (0.83- 0.97; average 0.93) are extraordinarily high. 
We have seen such high correlations onl y between adjacent 
stakes on one glacier, or between g laciers in a single sm all 
mountain basin (e .g. Limmern-Pla ttalva basin ; Tuyuksu 
basin ). Typical correlati on coeffi cients between glacie rs in 
mountain areas simi la r to the North Cascades a re, in our 
experience and in the literature, ra rely higher than 0.8, [or 
obvious reasons. Note that the correla tion coefficient of the 
carefull y measured South Cascad e Glacier (in the same 
range) with the glaciers measured by Pelto is on ly 0.64. Is 
South Cascade Glacier grossly different from its neighbors? 
''''e see no evidence that it is. J. Riedel (persona l communi
cation, 1996) a lso reports that Pelto's results do not correlate 
well with the four g laciers he measures for net mass ba lance 
in the North Cascade. Because of this, and the uncerta inty 
about what is actuall y being measured by Pelto, it is impor-

https://doi.org/10.3189/S0022143000002951 Published online by Cambridge University Press

https://doi.org/10.3189/S0022143000002951


ta nt to know just how hi s measureme11lS fit in to agreed stan
da rds for mass-balance measurem en t. 

\ Ve hope tha t the author will respond to these questions 
a nd concerns. We wo uld like to incorporate new data such as 
these imo our broad analyses, but we and the community 
need to be sure tha t the methodology behind the numbers 
reported will sta nd up to sc rutiny. 
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SIR, 

RejJ/y 10 the comments if Nleier and others on "A nnual net balance qf 
North Cascade glaciers, 1984- 94" by Mauri S Pelto 

I we lcome the opportunity to furth er expla in the methods 
use d by th e No rth Casca de Glac ie r C lim a te Pl-oj ect 
(NCGCP) a nd to ex plore th e shortcomings in sta ndard 
m ass-ba lance methodolog ies tha t have forced NCGCP to 
utilize a sli ghtl y different measurement system. I appreciate 
the conce rn of the a uthors (Meier a nd others, 1997) fo r the 
integrity of mass-ba lance records. M a rk Meier in pa rticul a r 
has long championed the importance of good mass-ba lance 
programs. I will address each of the fi ve po ints ra ised in 
order. 

Th e North Am e ri ca n Co mmittee on C lim a te and 

CorresjJollde ll ce 

Glaciers (1991), in examining glac ier m ass-balance sta n
da rds, emphas ized th a t, "Broad scope, regional glacier stu
di es r ela ted to prese nt benchm a rk ites a re needed to 
dete rmine the signifi cance and representativene s offluctu a
tions in benchmark glaciers:' NCGCP was designed to carry 
out a regional mass-ba lance survey in the North Cascades. To 
complete thi s task required a few adjustments to the m ore 
time-consuming and costl y standard me thods without sac ri
fi cing accuracy. 

(1) l\IIeasuremenl of accumulati on in the accumulation a rea 
has been accompli sh ed using prob ing a nd snow pits in 
alm ost a ll mass-ba lance studi es. Probing has proved both 
successful and easy to use in almost all temperate and subpo
la r clima te settings. In each case, the investigators rely on 
identification of a hard ness di scont inuity to di stinguish the 
current year's accumu lation from older accumulation. 
LaChapell e (1954, 1965) noted that a m a ritime snow-cover 
sur face develops, a ft er its first yea r, a m arked increase in 
ram resistance caused by refreez ing, tha t can be easily de
tec ted by probing. Thi s is the founda ti o n of probing. R e
p eated use of thi s m e th od by lo r ges Vassdrags - og 
Elektrisitetsvesen (NVE ) (0 strem and Brugman, 1991) a nd 
others in their a nnu a l m ass-ba lance su rveys has dem o n
stra ted th at thi s is th e typica l case, n o t the excepti o n , 
throughout temperate regions. Ahlmann (1941), LaChapelle 
(1954), Schytt (1959) a nd Miller (1963) have also emphasized 
thi s point. 0 strem and Brugman (1991) noted that, during a 
wa rm summer, a rig id summer crust develops that can be 
identified in the nex t yea r by probing. In the North Cas
cad es, a ll summers are notabl y wa rm . Thus, the fo cus of 
Mcin a nd others (1997) on the lack o f a density disconti
nuity is misplaced, as it is ra re and a problem suffered regard
less o f met hod. In so m e a reas, such as so utheas t Al as ka, 
additiona l ice lenses pose problems for probing. In the North 
Cascades, ice lenses are indeed rare in the la te summer (Pelto, 
1996). 

All m ass-balance investi gators must ask if their sound
ings are acc urate. Stand ard method s re ly on a few snow 
pi ts to determine thi s. H owever, three or four snow pits seat
ten'd across a glac ier se rve as a poor check. NCGCP instead 
re li es on extensive doub le-checking provided by obse rvation 
of the a nnual layer in c revasses and, like NVE (0strem a nd 
Brug m a n, 1991), beg ins each tran ect from a blue-ice area, so 
the initia l depth is known. This provides extensive indepen
dent corroboration of accumulati on depth that is not give n 
by sta ndard methods. 

An incorrec t sta tem e11l by Meier a nd oth ers (1997) is 
tha t m easurement o f snow depth usi ng c revasse wa lls is 
known to be unreli abl e. I can find no such reference in the 
lite ra ture. I have found seve ra l sta tem e nts in support of 
crevasse stratigraphy as a means to mea ure accumula tion 
depth. A review of field g laciology is necessary to demo n
stra te why crevasse stra tig raphy is, in m ost cases, at leas t as 
accura te as probing, coring and snow pits. 

Probing, coring a nd snow pits a re a rtificial incisions into 
the g lacier to identify the a nnual layer. The annual layer is 
identifi ed by the previo us dirt y summ e r surface whi c h 
typically ex ists in mos t te mperate and m a ritime glacie rs 
(Ah lm a nn, 1941; Schytt, 1959; 0 strem a nd Brugman, 1991). 
There is no reason why a na tural incision provided by a ve r
ti ca ll y wa ll ed crevasse which intersec ts the same annu a l 
laye r wo u ld be a ny l ess reli able. In fac t , in ex tensive 
NCGCP tes ts (Pclto, 1996), crevasse m easurements had a 
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