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ABSTRACT. To de\'e lop new strategies for global m ass-balance m onitoring, data for 
the period 1961- 90 h ave been compiled for 80 glaciers with a variety o[ m ass-balance a nd 
m orphological pa rameters. This d a tase t is significantly larger than tha t used in previous 
studies. This allows us to check the m ass-balance data fo r both strong a nd weak co rrel a
ti ons with different g lac ier parame ter s. In many cases, the strong correl a tions suggest ncw 
approaches to monitoring glaciers on a g lobal scale. For example, the m ass ba lance at the 
tc rminus is strongly co rrelated with the difference in eleva tion between the terminus a nd 
the g lac ier's mean elevation. These easily measured p a rameters could be p a rti cu larly use
ful in assessing max imum abl ati o n a nd melt water potential based on a ltitudes derivcd 
from m aps and pho tog raphs. Good correlations a lso ex ist between differences in mass
ba la nce parameters (e.g. net ba lance minus terminus ba la nce) and se\"Cra l other morpho
logical properti es (e.g. eleva ti on range a nd length ). Equally importa nt, the weak co rrela
ti ons demonstrate that some rela tionships commonly used on individua l g laciers arc no t 
a ppropriate when considering global m onitoring strategies. For example, the correlation 
be tween net mass ba la nce and terminus balance is ve ry poor. Likewise, the correlati on 
be tween the net m ass ba lance and equilibrium-line a ltitude is weak, a nd the correlation 
be tween the net m ass ba lance and activity index is almost non-ex istent. This suggests tha t 
a lthough these clim a tica ll y sensiti ve p a rameters m ay be close ly re la ted on individu a l 
g laciers, these sam e re lati onships arc not reli ab le as LOo ls for monito ring g lac iers on a 
g loba l sca le. 

INTRODUCTION 

Glaciers act as reservoirs, storing a nd rel easing water with 
cha nges in local, regional a nd globa l climate. As such, track
ing a glac ier's change in shape and volume with time can 
provide va luable informati on about curren t climatic condi
Lions a nd the response to previous changes in elim a te on 
time-scales of yea rs to centuri es (e.g. M eier, 1965; J 6hannes
son a nd others, 1989). The classic link between a glacier a nd 
its climate has been the net mass ba la nce (e.g. Meier, 1965), 
but there are other approachcs and key components to m oni
toring glacier fluctuations. Some pa ra meters used fo r m oni
toring, such as g lacier tongue position, length, a rea a nd 
elevation, arc easy to measure or easy to determ ine from 
maps, a ir photos a nd satellite images. M a ny other cha rac ter
ist ics, such as the activity index, mass ba lance and their as
sociated components, a rc not as easy to determine. 
Nleasuring these pa rameters can be a n expensi\ 'e a nd la
bo ri ous task (0strem a nd Brugman, 1991). 

Severa l a ltern a tive approaches fo r regional a nd global 
g lacier monitoring have been de\Tlop ed recentl y. The th eo r
etical background a nd some practical rccommendations fo r 
these new techniques a re given in Krenke and Menshutin 

(1987), Dyurgerov (1988, 1993), J 6hannesson and others 
(1989), Meier (1993), H aebcrli (1995) a nd Founta in a nd 
others (1997). However, many of these new techniques a re 
based on studies using small da tase ts or even mode led 
results. More appropria te monitoring stra tegies could be de
vised by using a worldwide compil a tion of a ll the avai lable 
data on glacier lengths, areas, activit y indiCTS, m ass 

balances, and so forth. Towa rds thi s goal, we have used a 
substa nti a ll y la rger da tase t to a na lyze th e rela ti ons between 
a number of commo nl y monitored cha racteri stics of 
glac iers: surface area (S ), length (x ), m aximum ele\'ati on 
(ZlIp, a t the glacier head ), mean elevation (Zrn ), minimum 
elevatio n (Z(, at the terminus), equilibrium-line a ltitude 
(ELA ), ac ti\'it y index (E ), net or annua l mass bala nces 
(bll ) , a nd mass balances a t the glacier'S tongue (btl and head 
(bliP )' Th e data fo r thi s a na lysis have been compiled primar
il y from volumes of FLuctuations of Glaciers (K asser, 1973; 
Miiller, 1977; H aeberli , 1985; Haeberli a nd Muller, 1988; 
Haeberli and Hoelz le, 1993; we refer to them as FOG, 1973, 

1977, 1985, 1988, 1993), from Glacier M ass Balance BuLLetins 
(H aeberli and Hen"e n, 1991; Haeberli and others, 1993, 
1994, 1996; abbreviated Ci\lB, 1991, 1993, 1994, 1996) and fro l11 
many o ther published a nd unpubli shed sources with da ta 
spanning the period 1961- 90 (for details, sec D yurgerov and 
~1e i er, 1997). 

Specia l allention is fo c used here on the terminus 
ba la nce, bt • This is because bt may be a key parameter in 
studies o f the response time of glaciers to climate change 
(J6han nesson and othe rs, 1989). It has a lso been sugges ted 
that measu remeJ1lS of the m ass balance a t the terminu a nd 
at onc o r two stakes in the vicin it y of the ELA may provide a 
reasonable estimate of the m ass balance of an entire glacier, 
bll (H aeberli , 1995). Thi s has been recommended as pa rt o f a 
future strategy for mass-balance meas urements (H aeberli , 
1995). H owever, even tho ugh b( is easier to measure tha n 
b'll there a re [ew terminus balance data available at present. 
To estim a te b(, measurem ents o!"mass ba la nce vs altitude a rc 
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needed. Of all the glaciers with mass-ba lance m easurements 
(a round 260; sce D yurgerov a nd Meier, 1997) we found only 
80 glaciers worldwide with published d a ta on annual 
balance vs altitude. Thus, o ur study has been bounded by 
this sample (Table I). (10 fac ilitate future studi es, we 
strongly encourage the publication of a nnua l, winter and 
summer bala nce profil es in appropriate medi a (e.g. issues 
of GJ\lB ). These data will haye already been collec ted by 
anyone measuring net mass ba lances.) 

I n the fo llowing sec tions we di\·ide the 80 glaciers into 
fi ve subsamples based on thei r general morphologica l char
ac teristics (e.g. valley glacier vs mountain ice cap ). For each 
subsample, a va riety of va ri ables which co uld be used for 
monitoring g laciers (S,X,ZllP' Zm. Z(, EL A, E , bll, bt and 
bliP ) a rc correlated with each other. Based on these correla
tions (which come from a comparatively la rge poss ible se
lection), vve suggest what pa rameters and combinati ons of 
parameters might be most useful in monitoring t he response 
of glaciers to changes in elima te. 

DATA PROCESSING 

Country codes and geographical locations ha\ 'e been taken 
from FOG \'olul11es without changes. In o rder to reduce 
errors, the periods of mass-ba lance study, the elevations 
(ZlIP ' Zm, Ztl and the a rea (S ) have been ta ken from FOGs 
and compared with prima ry sources when possible. The 
mean sp ecific mass balance (bn ) of a mounta in glac ier has 
been calcula ted as a function of a ltitude: 

bn = [2: b(h;)s(hi)]/S. (1) 

The sum is ta ken O\'er the enti re glac ier, where b is the meas
ured o r ca lculated mass ba la nce centered in a ltitude incre
ments hi ( the index i refers to the altitude range), a nd where 
s(h;) is the area~altitude di stribution. The same approach 
has been used to calcul ate winter and summer balances 
(b\y, a nd bs ). Data for these have been compil ed from FOGs 
and from other sources of original informatio n (sce sources 
inTable 1). The data on vertical variations in a nnual balance 
have been used to estimate bliP and bt • \ Ve a lso recalculated 
bn from the seasona l m ass-balance components (bn = 
b\Y - bs ) in order to identify a nd, where possible, correc t 
errors in previous publications. Thus, the da ta presented in 
Table I, a ll of which a rc a\ 'e rages over the period of record 
shown in column G, a re somewhat different, in m any cases, 
from those published in the FOGs. 

For m a ny glaciers, the curves describing the \ 'e rtical dis
tribution of annual mass ba la nce have complicated hapes. 
To estima te these profil es, d a ta for vertical p rofil es ofbn on a 
given g lacier have been averaged through time a nd approxi
mated by power-l aw, exponential or logarithmic best-fit 
curves. From these cun'es, values for the acti vity index E 
and ELA have been determined (see Tabl e 1). For the ELAs 
we tri ed to use only directly measured va lues, but in cases 
where obvious inconsistencies were fo und , we substituted 
approximations from the bll profil es. 

Each glac ier was assigned to one of five g roups (I ~5 in 
Table I) dep ending on their basic type. Group 1 contains 31 
mountain o r outlet glaciers, usually of simple valley-glacier 
form, with a single accumul ation basin a nd a single lobe 
(elean or only partly cover ed by debris). Group 2 consists of 
29 glac iers, simila r to group I, but with two o r more sepa r
ate accumul ati on bas ins; these glaciers have more complex 
shapes a nd la rger surface a reas. Gmuj) 3 comprises ten cirque 
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g laciers, or other sm all glaciers with a single acc umulation 
basin and lobe. Group 4 includes six dome-shaped ice fi elds 
or ire caps (m oulllain and subpola r ). Gmuj) 5 conta ins four 
glac iers that calve into sea, a lake o r land. \Ve pl aced these 
g laciers in a sepa ra te group because their length a nd other 
morphometric cha racteristics m ay be a ltered by the cah 'ing 
di scharge (M eier a nd Post, 1987). 

For consistency, in making thi s division illlo five g roups 
wc have used the class ification scheme (and three digit 
codes) introduced in FOG (see FOG, 1985, p. 100- 103 and 
table A). In rea lit y, the differences between groups I and 2 
a re slight a nd occasionally a mbiguous. Dzhankuat and 
l\1arukh glaciers (central a nd western Ca ucasus), for 
example, might have been ineluded in group I, but following 
the intern ationa lly recognized elassifica tion (FOG, 1985, 
tabl e A), wc include them in group 2. Al 0, although group 
5 contains a ll calving glaciers, th e differences between them 
can be profound. The tongues of some of these g la ciers do 
not calve substa nti a l amounts of ice, or they ca lve on land 
rather than in water (e.g. the Rhonegletscher, Gri es
g letscher and Bridge Glacier ). Each of these mig ht ha\'e 
been included in g roup I or 2. On the other hand, Columbia 
Glacier (C hugach Mountains, Al aska ) in group 5 is a \'ery 
la rge but otherwise typica l tidewa ter glacier which loses 
most of its ice by calving (M eier and Post, 1987). Average 
properti es summa ri zing each of the five groups a re given at 
the bottom of Table I. 

Due to the m orphological differences which di stinguish 
groups 1 ~5, we might ex pect som e pairs of va ri ables to be 
correlated diffe rently from one g roup to another. However, 
correlations be tween glac ier properties are not possible for 
the small numbers of glac iers in g roups 3~5, so a n a na lysis of 
the differences in correlati ons be tween groups is necessarily 
preliminary (see below). Instead, we have combined the fi\ 'e 
distinct groups into five different "samples" tha t each have 
enough glaciers to derive meaningful correla tions between 
properti es. Sa mple I consists of the 31 simple va lley glaciers 
from group 1. Sa mple 2 contains the 29 compound va ll ey 
g laciers from g roup 2. Sample 3 comprises the 60 g laciers 
of groups I a nd 2 (i. e. all valley glaciers). Sampl e 4 has 70 
g laciers (including groups I, 2 a nd 3; or all the valley and 
cirque glaciers). Sample 5 conta i ns all 80 glaciers. 

As expected , the mean surface a rea and the length are 
smallest fo r the simple valley g laciers in sample I (Fig. I). 
At the same time, blip and bt are less positive and more nega
tive, respec tivel y, for sample I compared with the other 
samples (Fig. 2). The elevations (Z up, Zt, Zm ) a nd the ELA 
a re higher a nd E is larger in sampl e 1 than in other samples 
(Figs 3 and 4 a nd bottom lines in Tabl e I). For ea ch of the 
samples, the nex t section explores correlations be tween the 
va rious glac ier pa rameters. 

RESULTS 

Within a g iven samplc, two properties (such as terminus 
balance a nd leng th ) were selected for each g lacier. Both 
linea r and power-l aw correlations were calcula ted between 
these two pa rameters. Simila r linear and power-l aw corre
lations were de termined for all other pairs of p a rameters 
commonl y used in monitoring g laciers (i. e. the previously 
mentioned S , x, Zup, Zm, Zt, ELA, E , bn . bt , a nd bup ). 
Correlati ons were also performed between each of these 
pa rameters a nd potenti all y useful combinations of pa ra-
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Fig. 1. H istogram if sU7foce area, S, and length,. ( along 
center line), averaged by sample. 
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Fig. 2. H istograms of mass balance althe head if the glacier 
( blip), annual or net mass balance ( bll ) and mass balance al 
the longue ( bt ) , averaged ~JI sample. 

bn 
bt 

meters, such as the to ta l r an gc in eleva ti o n (ZlIp - Zt ) a nd 
the range in m ass balance (bup - bd. \ Ve emphasize that a ll 
of these correlations a re spa tial (between m a ny glaciers) 
a nd not tempora l; each glacier is assigned o nl y onc value 
for each pa ra meter, for example an average ELA and a n 
average nct m ass ba la nce ove r the peri od of obsen 'atio n 
(Table I). The co rrelatio ns [or each pair o f parameters in 
each of the fi ve sa mples a re li sted inTable 2. 

The g laciers in each sample are diITerent in shape a nd 
type a nd res ide in ma ny diITerent geographical regions. 
Thus, co rrelations betwcen p roperti es apply to all glaciers 
globally ra ther than to a ny individua l glacier or mountain 
range. va r example, for indi vidual glac iers, a strong correla
tion between interannu a l va ri a ti ons in bll a nd the ELA is 
widely recogni zed (see, e.g., CMB, 1991, 1993, 1994, 1996). 
H ow ever, fo r a ll 80 g laciers considered simultaneously 
(usi ng the temporal mean values of bn a nd ELA [or each 
glacier ), the co rrelation b etvveen bll and the ELA is almost 
non-existent (see Table 2). 

For a ll five samples we h ave caleul ated a bo ut 130 correla
tion coeffi c ients (r ) for bot h I i near and power-l aw regres
sions. In m a ny cases the coeffi c ients of correl ation arc very 
weak, but we report them for two reasons. Fir st, our datase t 
is la rge r th a n any other previo usly analyzed , and it is usefu l to 
know that la rger datase ts do not improve the correlati on, 
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Fig. 4. EquiLibrium-lineallilllde ( ELA ), averaged ~JI sample. 

fo und in pre\'io us analyses \\'ith sm a ll er datase ts. Second, in 
additi on to recommending stro ng rela ti onships, we can also 
note which co r relations arc no t useful for global m onitoring 
programs. Som e of these poor correla tions may seem ob\'ious, 
but many others a re not. The m ost important of the possible 
correlati ons be twee n combina tio ns of parameters listed in 
Table 2 arc noted here and disc ussed in the next sec ti on. 

1. . Vet or annllal sjJecific lI1a55 balance ([or simplieil y we do not 
distingui sh between these t wo ba la nces ). The correlation 
between bll a nd b, is wea k, w ith T = 0.4 [or simple va ll ey 
glac iers a nd 0.44 [or compound va ll ey glaciers. C orrela
ti ons betwee n bn and E, ELA and a ll elc\'a ti ons (ZIll ' ZI , 
Zup ) a re a lso \'C ry \\·ea k. The correlation be t ween bll a nd 
bup is poor [or most samples, a lthough significant (T = 
- 0.72) for s imple va lley glac iers (sa mple I). On the other 
hand , a good linear co rrel a ti on (r- = 0.6- 0.8) occurs 
betwee n (bn - b,) a nd other p ro perti es, such as length 
x a nd diffe re nces in eb 'ati on (Zm- Zt ), (ELA - Zt ) 
and (Zllp - Ztl. 

2. Terminus balance. bt is we ll correla ted with the leng th o[ 
glaciers, esp ecia lly in sa mple l (T = 0.75). The correlati on 
eoeffi cient for bt vs bup is 0.65 fo r simple vall ey g laciers 
(sample 1) but is very wea k fo r a ll other samples, espe
ciall y for relatively large compo und glae iers (sample 2; l' 
= 0.2). The correlat ion coeffi c ients [or b, \ 'S (ELA -ZI) 
and (Zm - Zt ) a rc large fo r a ll samples (1' = 0.7- 0.8). 
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Table 2. Correlation coifjicients between glacier properties. I II each column the linear correlation coifJicients are given first and 
power-law correlations second 

Propnlies 

bu vs bup 
b" vs bt 

bn vs T 

u,, - brvs :r 
bll vS Zup 
bn vs Z"p 
bn vs Zm 

bn "s ELA 
bu vs E 

bn - bt ,·s Z'" - Zt 
bn - b, vs ELA - Z, 
bn - bt vs Z"P - Zt 

bt vs bup 
bt vs.r 
bt vs Zt 

b1 vs Z up 

b, vs Z'" 
bt vs Zm - Zt 

bt y S E 
b, v s ELA 
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blip - bn vs.r 
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0.83 
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0.62 

0.65 
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0.82 
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0.71 
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0.76 
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0.35 

1.00 
0.98 
0.98 
0.51 

- 0.19 

0.98 
0.96 

0.98 

0.85 
0.55 

- 0.4·0 
0.75 
0.54 
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0.99 
0.84-
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0.14 
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0.60 
0.53 
0.78 
0.70 
0.70 
0.58 
0.54 

0.99 
0.97 
0.96 

- 0.19 

0.22 

0.97 
0.89 

0.96 

0.85 
- 0.26 

0.03 
0.54 
0.43 
0.43 
0.12 
0.17 
0.18 

- 0.1 2 
0.32 
0.09 
0. 11 
0.30 
0.19 

- 0.34-
0. 12 
0.03 
0.80 
0.79 
0.68 

Sample 5 

0. 18 
0.32 

- 0.05 
0.60 
0.04-
0.07 

- 0.02 
0.01 
0. 19 
0.69 
0.59 
0.68 

0.35 
0.56 
0.09 
0.22 
0.16 
0.68 
0. 16 
0.12 
0.65 
0.49 

0.27 
0.14 
0. 12 
0.09 
0.31 
0.21 
0.01 
0.27 
0.34-
0.59 
0.62 
0.6+ 
0.57 
0.32 
0.28 

0.99 
0.86 
0.97 
0.02 

- 0.32 

0.98 
0.81 

0.86 

0.95 
- 0.28 

0.12 
0.73 
0.78 
0.72 
0.00 

- 0.05 
- 0.34 

0. 13 
0.22 
0.47 
0.52 
0.27 
0.50 

- 0.23 
0.08 
0.20 
0.81 
0.87 
0.81 
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3. Mass balance 01 the head if the gLacier. bup correlates best 
with leng th .1' (r = 0.76). In gene ral, bup eorrelates well 
(around 0.6) with a ll measures of ele\'ation (Zml 
(Zlll - ZI) and (Zup - Z, )). 

4-. ELA. The ELA is best correlated with the mean eleva
tion Zm (r = 0.99). The correla tion between the ELA 
and Zt and Zup is also> 0.95 for a ll sa mples. 

5. Sll1face area. S is strongly correlated with many para
meters, espec ia lly the length T (r = 0.82- 0.95 for a ll 
sa mples ) and various mass balances such as bl , bup , 
(bup - b,), and (bn - btl (with r a round 0.8 [or sample 
I). S is somewh a t correlated with elC\'a tions (e.g. 
(Zup - Ztl and (Zm - Ztl ), and is m ore weakly corre
lated with the ELA and ZIII (r ~ 0.4). The correlati o n 
o[ S with the activity index E is very weak. 

6. Length. x is wel l correlated with m any parameters, p a r
ticula rly Z( and differences in elevation such as 
(Z"p - Z, ). This is expected since x is well con'elated 
with the surface a rea , \\'hich is also well correlated with 
many other parameters. 

DISCUSSION 

Based on experi ence, simple physical argumenLS a nd pre
vious a nalyses, man y of the strong corre lations are ex
pected. For exampl e, the co rrelations between many 
morphological properties (such as upper a nd lower ele\'a
tions, the range in elevation, length and surface area ) have 
olwio us physica l expla nations: the la rger a glacier's a rea, 
the g reater it s length (Bahr, 1997); a nd the higher Zup (the 
higher the mou nta ins), the larger the size a nd length of 
glac iers. Ne\Trtheless these strong correla ti ons may be help
ful for g loba l monitoring because only one of the three pa ra
me'tcTs (a rea, leng th o r ele\'ation) is a" a ilable in many cases. 

A simil a rl y reasonable and st rong correlation between 
the ELA and the mean ele\·ation has been suggested (per
sona l communicati on from A. Rudde l, 1997). When ave r
aged over long time-sp ans, the ELA is a lways close to ZIlI 
and wi ll also ha\'e a strong correlation v\·ith Z,. Likewise, 
longer g laciers are expec ted to be strongly con'elated with 
b"p and bl , because the greater length implies a greater 
ra nge in a ltitude and a greater span in climate conditi o ns. 
An ob\·ious reason for some of the weak correl a ti o ns 
between the net mass ba lance and other p ara meters, such 
as ele\'ation and a rea, is that bll ~ 0 fo r a ll g lac iers that a re 
in or nea rl y in a steady state, regardless o f the size of the 
g lac ier. 

HOWe\Tr, many of the corre lations are not expected o r 
do no t ha\'e an im.mediate phys ica l ex planati on. Fo r 
example, the correl a tions between difTcrences in m ass 
ba la nce (bup - b,. b" - b

" 
bll - bliP ) and a ny other proper

ties are consistently better than the corre lations between 
simple mass-ba lance measurements (b"p, b" bll ) and these 
other properties. In fact , the good corre la tion between these 
differences in mass balance and glac ier leng th , surface a rea 
and range in a ltitude (Z"p - Ztl suggests that these para
meters would be good for globa l glacier monitoring. 

On the other ha nd , there is a , 'Cry weak correla ti on 
between the ELA and g lacier mass balance for a ll samples. 
On indi"idual glac iers, the ELA is known to correla te very 
strongly with bll (GJ\lf B, 1991, 1993, 1994, 1996). However, th e 
global sp at ial corre la ti on bet lI'een ne t mass ba lances is vcry 

pYll1gerov and Ba!zr: Condaliolls belweengLacierproperties 

poor (D y urgerov, 1994; eogley and others, 1995) because 
glaciers occ ur in a wide variety of climati c zones from pola r 
to temperate. ' Ve expec t, the refore, that the ELA would also 
have a poor spati al correla ti on, and it is not too surprising 
that the correlat ion between the net mass ba la nce and the 
ELA is poor. 

Sim i1 a r a rg uments suggest that the activity index, E, 
1I'0uld be a poor tool for g lobal glacier monitoring. Like
wise, the very weak co rrela ti on between bll a nd bl for a ll 
samples pre\'Cnts the net ba lance from being replaced by 
simpler m easurements of the balance at the terminus. 
Measuring bl (and one or two stakes in the vicinity of the 
ELA ) is not a good strategy lo r global mass-ba lance moni
toring (H aeberli , 1995). 

The simple valley glac iers (sample I) frequently have 
stronger correlati ons than o ther samples. The reasons fo r 
this are unclea r, although sample 1 is the most homogeneous 
in size and type. However, in several eases, the correlations 
in sample 5 (a ll glaciers) a re a t least as large as the correla
tions in o the r samples. This is true, in pa rti c ul ar, for power
law corre la ti ons and for parameters that a re common in 
routine g laciological work (e.g. surface a rea, length, range's 
in elevation and ranges in m ass balance such as bliP - bn and 
bn - bt ). The global prope rti es of such parame ters may be 
obsen'ed and studied without differentiation by groups o r 
samples. 

CONCLUSIONS AND RECOMMENDATIONS 

l'\et mass balance is typicall y used to monito r, understand 
and precli c t fluctuations in g lacier volume, size and length. 
This relat ively difIicult-to-measure property (bn ) might be 
replaced by o ther parameters (e.g. S . . 1'. ZlIP' Zm. ZI, ELA, 
E. bt and blip ), as long as the new pa rame ters a re well corre
lated with bll . Using a substa nti a lly large r dataset than in 
previous studies, we have ca lc ulated a la rge number of co r
relations to demonstrate which glacier properties might be 
useful as subst itutes and which other properties would be 
less helpful (Table 2). 

1\10st no tably, correlations between net mass balance bn 

and the term i nus balance b, are poor. Li kewise the co rrela
ti on between bll and bliP is poo r. Thus, despite previous sug
gesti ons, ne ither bt nor bliP should be used as a replacemelll 
for b" in g loba l monitoring strategies. On the other hand , 
the term i nus balance is wel l correl ated with (ZIlI - ZI )' 
Because b(, ZIll and Z( are easy to measure in the fi eld and 
to derive from maps or rem otely acquired images (in con
trast to bll o r the ELA ), this relationship co uld be helpful in 
estimating the maximum abla tion rate a nd total meltwater 
productio n m 'er large regio ns. Ranges in mass ba lance (e.g. 
bill' - bn , bll - b1 and b"p - b() are also well correlated with 
many othe r parameters (e.g. ranges in elevation ) and are 
usuall y be tter correlated than blip, bn or b,. Thus, the ranges 
in mass ba la nce could be pa rticul arly useful in any of the 
global monitoring programs which have pre\' iously used 
onl y the direct measurements of mass ba lance (bup, bn or bt ) . 

The correla tions between the ac ti\'it y index and mass 
ba lances (bup , bll and b,) are weak. This impli es that the ac
ti\ 'it y index is a unique property of individua l g laciers and 
most likely reflects loca l a nd/or regional climate and topo
graphy, ra the r than globa l elimate. Simi la rl y, the con 'e la
tions between ELAs and g lac ier mass ba la nces (bup , bn and 
bt ) are very weak. If necessa ry, though, the ELA may be 
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replaced by Zrn, Zt or Zup, as it is strongl y correlated with 
each of these. This gives a nice technique for replacing a 
harder-ta-measure climatically sensitive parameter with an 
eas il y measured altitude 

Although, in many cases, the correlations between dif
ferent glacier parameters a re poor (Table 2), there a re 
enough strong relationships to suggest that global mass
balance monitoring can be based on a relatively small subset 
of glacier properties. Some of these parameters (e.g. 
Zm. Zt, Zup, S , x ) may be extracted from glacier inventories 
or determined from remotely sensed images (e.g. the differ
ence between the ELA a nd Zm , Zt . Zup). Other properties 
(e.g. bt , bup, b,J have to be mea ured in the fi eld on bench
mark glaciers or calcula ted in models (e.g. Tangborn, 1980; 
Oerl em a ns, 1993). The relationships (suggested by the strong 
correlati ons in Table 2) between these easy- and hard-to
measure parameters can help estimate glacier mass bal
ances in entire mountain ranges or on a globa l scale. 
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