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MASS-BALANCE TERMS 

The statement printed below is reprinted from Combined heat , ice and water balances at selected glacier basins; a guide to 
measurement and data compilation. This is a guide to a project of the LH.D., prepared by members of the Interna tional 
Commission of Snow and I ce of the International Association of Scientific H yd rology, a nd published by U nesco 
a nd L A.S.H . in the Unesco series Technical Papers in H ydrology in 1968. Reprinted with the permission of 
Unesco. 

THE terms presented here can be used for most mass and ice balance m easurements. The 
purpose of this sec tion is to reduce the ambiguity and confusion caused by the use of a large 
number of alternate schem es and definitions. Discussions with several dozen distinguished 
g laciologists from many countries, extending over two years, have produced this scheme. 
Although not perfect and not agreeable to all , it is beli eved to be as close to a concensus as is 
possible at this time. 

It is necessary to specify the kind of mass (ice only, or ice + water ) included in the balance 
terms for various applications . When dealing with hydrological balances one normally 
includes all water in any phase in the mass-balance terms. \"'hen dealing with hea t balances, 
liquid water and ice must be considered separately. Under special conditions (as in some 
flow studies) one might also consider debris as a part of the mass. Although the d efinition of 
mass may vary, the mass-balance terms are similar for all applications. The term accumulation 
is taken to embrace all processes by which mass is added to a glacier, snow field , or portion 
thereof. A blation includes processes by which mass is lost from the g lacier or snow field . 
Calving may be treated separately. 

\"'hen mass-balance calculations are based on m easurements on a glacier surface the 
va lues are usuall y observed at selected poin ts, and area I values are compiled from poin t 
observations. The m easurem ent points normally move with the ice flow, but values at points 
fix ed in space are needed for mass-bala nce calcula tions. Corrections may therefore be 
needed to relate observations to fixed points. 

The main part of the change in mass is usually assumed to take place in a relatively thin 
surface layer of the glacier. This is the only part normally involved in heat-balance m easure
ments. In mass-balance measurements, however, one considers the mass exchange extending 
from the base to the surface of the glacier, so that the sub-surface accumulation and ablation 
must be included. The refreezing of melt water below the surface may be especially important 
in sub-polar glaciers, a nd temperature m easurem ents ought to be made down to sufficient 
depth . If sub-surface deposition is suspected but only surface measurem ents are made, then 
this must be clearly stated . 

Two time systems of m eaSUl"em ent can be used, the stratigraphic s.ystem and the fixed-date 
sy stem. The stratigraphic system is based on the existence of an observable summer surface, 
which is assumed to be formed at the time of minimum mass at the site. The summer surface 
may be an identifiable horizon of concentrated debris particles, a discontinuity between old 
ice or firn below and much younger snow above, a peak in the 180 / 160 ra tio (indicating a 
maximum in the temperature of snow condensation in the atmosphere) or other isotopic 
evidence, a prominent depth-hoar or low-density layer , or by other criteria . On high-polar 
plateaus, there may be littl e ablation and no melting, so that the time of minimum mass 
cannot be defined visually. In this case the prominent depth-hoar layer formed in snow 
deposited in autumn can be used as a "summer surface". 

The fixed-date system involves measurements made at certain specific days or whenever 
possible, and the measurements are not necessarily related to any observable features in the 
snow, firn , or ice. 

It is very important that one system be used for all measurements. One cannot combine 
the two systems without introducing errors. 
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4 J OU RNAL OF G LA C IOLOGY 

MASS-BALANCE M EASURE MENTS AT A POINT 

All mass-balance m easurem ents a t points should be symbolized by small letters a nd 
reported as equivalen t volumes of wa ter per unit a rea ; in this way the m ass-balance values 
have the dimension of length. Millimetres are normally used, except in very high precipita
tion areas where metres may be more logical. Alternatively, values can be given as weight 
per unit area (grammes per square centimetre or m egagrammes per square m etre). The 
metric system must be used ; the System e International (SI) is recommended. These point 
values a re m easured in a vertical direction , so that they can be proj ected on a horizonta l 
a rea. 

r . The stratigraphic system 
The formation of a summer surface determines the change from one ba lance yea r to the 

next, the balance year being the time interval between the forma tion of two consecutive summer 
surfaces (no t necessaril y 365 days) . All mass-ba lance terms vary with time. The balance (b) a t 
any time is the change in mass, expressed as wa ter equivalent, rela tive to the previous year's 
summer surface (see Fig . r , diagram I ). The change in mass from the summer surface up to 
the maximum value of the balance curve is called the winter balance (bw) . The time when this 
maximum value occurs divides the balance year into one winter season, with generally increasing 
balance a t the site; and one summer season, when the ba lance genera lly decreases. The change 
in mass during the summer season is called summer balance (bs) . 

The accumulation (c) curve shows the result of an integration, with respect to time, of the 
accumula tion rate. T otal accumulation (Ct ) is the resul t of an integra tion taken from the 
beginning to the end of the ba lance year. Tota l accumula tion is divided in to the winter 
accumulation (cw) and the summer accumulation (cs ). In a similar way, the ablation (a) curve shows 
the integrated abla tion through the balance year. T he value at the end of the balance yea r is 
term ed total ablation (at), which is divided into winter ablation (all' ) and summer ablation (as). 

At a ll times the ba lance is the algebra ic sum of the accumulation and the ablation a t the 
actua l time, b = c+ a (accumula tion is considered positive and a blation negative) . At the 
end of the balance year this difference expresses the net balance (bn ) of the year. The winter 
balance is the cha nge in ba lance from the beginning to the end of the winter season, the 
summer balance is the change in balance from the beginning to the end of the summer season . 
The net balance is therefore also expressed by the difference in winter and summer ba lance. 
Thus bn = Ct + at = bw + bs. All balance quan tities should be given with the appropriate sign 
(+ or -) . 

O ne useful parameter is the total exchange, which is given by et = Ct - at . 

2 . The fixed-date system 
In this alternative schem e the measurement year is defined by fixed calendar da tes. In many 

cases, it will be prefera ble to use a m easurem ent year which coincides with the local hydro
logic year. T he balance (b), accumulation (c), and ablation (a) curves a re the same as in the 
stratigraphic sys tem . T he time-integra tions, however , a re ta ken over the period defined by 
the m easurem en t year (see Fig. I , diagra m I1 ), so the values of b, c, and a a t the end of year 
will not be same as in the stratigraphic system. vVin ter and summer seasons are not defined . 

The total values of accumula tion and abla tion at the end of the measurem en t yea r a re 
termed annual accumulation (ca) and annual ablation (aa). The algebraic sum is termed the 
annual balance (ba) (ba = ca + aa). The annual exchange (ea) is given by ea = ca - aa. 

MASS-BA LANCE T E RMS FOR AN ARE A 

The terms for an area are analogous to those defined for a point, but are symbolized by 
capital letters. The quantitative results depend upon which time system is used. 
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Fig. I. AI/ass-balance lerms (IS measured at a point 011 a glacier or iCf ca!) . 

f 

5 

https://doi.org/10.3189/S0022143000020736 Published online by Cambridge University Press

https://doi.org/10.3189/S0022143000020736


6 JO U RNAL O F GLACIOLOGY 

I. The stratigraphic system 
The areal mass-balance quantities (C, A, B ) are found by integrating the stratigraphic 

system point values over the area. So the areal total accumulation, ablation, and balance are 
symbolized by Ct , AI, and B I, winter accumulation and ablation by Cw and Aw , ete. The 
balance year is normally of different length on various parts of the glacier, and the integration 
therefore cannot be clearly defined with regard to time. Only if the summer surfaces are 
formed almost simultaneously over the whole glacier, can the area sum be assigned to definite 
points in time. 

2. The fixed-date s..ystem 
Similarly, poin t values found according to the fixed-date sys tem are integrated over the 

area to give a real values. In this case the point values refer to the same time interval, and the 
al"eal values are here assigned to definite instants in time. 

COMPARISON OF THE STRATIGRAPHIC AND FIXED-DATE SYSTEMS 

The accumulation, ablation, and balance curves for a point are identical regardless which 
system is used . As the length of the balance year which is used in the stratigraphic system, is 
different from the measurement yeal" in the fixed-date system , the total values Cl, aI, bt and 
annual values Ca, aa, and ba may be very different for a single year. This a utomatically m eans 
that the a real values are also different . However, over a long period of time, the two systems 
will give results which tend to approach the same average values. 

In many areas it will be more efficient to work with summer surfaces in the field ; a single 
trip just after the close of the balance year will suffice to define m ost of the important para
m eters, and when working with deep pits or cores one only has summer surfaces (or other 
indication of variations in b) to mark the differen t years. On the other hand, when comparing 
mass-balance data with heat or water balances, a fixed-date system is preferred. 

A fixed-date sys tem may be necessary because of logistical considerations . It is very 
important not to mix the two sys tems in any set of observations from a single glacier or snow 
fi eld. 

OTHER USEFUL TERMS 

A line connecting points, at any instant, where the balance (b) is zero, is called the transient 
equilibrium line. This can be defined under either the stratigraphic or fixed-date system s. The 
line connecting points where the net balance (bn) is zero at the end of a balance year is called 
the equilibrium line, as d efined under the stratigraphic system. The equivalent line at the end 
of a fixed yea r is the annual equilibrium line. The ratio of area above the equilibrium line (the 
accumulation area (Se )) to the total area (accumulation area (Se ) plus ablation area (Sa )) is call ed 
the accumulation area ratio (AAR). 

AAR =~= [ -~. 
Sc+ Sa Sc + Sa 

A boundary between snow and ice or firn at any instant in time is called the transient snow 
line. The highest position reached by this line in the summer (more properly, the transient 
snow line at the time of minimal areal extent of snow cover on a glacier or in a certain defined 
region ) is called thefirn line. * The firn line will approximately coincide with the equilibrium 
line on temperate glaciers only. 

* Firn is d efined as snow which has passed through one summer ; thus snow becomes firn , by definition , at the 
instant the summer comes to an end . The firn line may extend over ground that is ba re o r snow during o the.· 
years. 
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MA SS -BALA NCE TERMS 7 

lvlean values, taken over selected areas, of net balance, total accumulation, annual balance, 
and other measurements are designated by the appropriate lower case point symbol with a bar 
over it, e.g. On, Ct, oa. 

Another kind of mean value, taken over periods of many yeal's, may be designated by 
<Bn) , <On) , <Ct ) , etc . 

In many reports it will be necessary to assign symbols to designate other things, such as 
( [ ) material , (2) area of investigation, or (3) surface/englacial /subglacial phenomenon . It is 
recommended that those symbols be individually defined in each report and placed in 
parentheses following the symbol for the mass-balance term. Thus, one might wish to 
designate the mean ablation of ice only in the ablation area as lit(i, a ) ; or the annual balance 
of snow only for a whole region Ba(s, r ) ; or the englacial (sub-surface) accumulation at a 
point as Ct(e). So many combinations are possible that no standardization of specific symbols 
will be attempted here. 
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