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CORRECTIVE TERMS IN THE GLACIOLOGICAL BALANCE 

By L. LLIllOUTRY 

(Labora toire de Glaciologie du C.N.R.S., 2, rue Tres-Cloitres, 38 Grenoble, France) 

ABSTRACT. Two corrective terms in the mass ba lance between two cross-sections are computed. The 
first results from the fact that balances are measured at moving stakes. The second correction a rises since the 
discharges are calculated through summer cross-sections which a re sm aller than their mean values during 
the whole year. 

RESUME. Termes correclifs dans le bilall glaciologique. On calcule d eux termes correctifs d ans le bilan 
d e masse en tre les deux sec tions transversales. Le premier provient d u fait que les bi la ns son t mesures a des 
balises mouvantes, le deuxieme de ce qu'on calcule les debits a travers des sections transversales estivales, 
moindres que les sections moyennes pour l'annee entiere. 

ZUSAMMENFASSUNG. Korrektionsglieder bei der glaziologischen Massenbilanz. Zwei K orrektionsglieder in der 
Massenbilanz zwischen zwei Querschnitten werden berechnet. Die erste K orrektion berucksichtigt die 
Tatsache, dass die Bilanzen an bewegten Pegeln gemessen werden. Die zweite K orrektion kommt daher, 
dass d er DurchAuss in Sommer-Querschnitten berechnet wird, die kleiner sind als die ganzjahrigen 
Mittelwerte. 

EITHER because the ba la nces have not been measured over a whole g lacier, or in order to check them , 
or in order to estimate the area of cross-sections, the glaciological balance is very often calcula ted for 
part of a valley glacier. 
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Let X, r be fixed geographical coordinates, ..«(t ) the altitude of the surface of the glacier at thi 
point (assumed to be ice, not firn) and 6 ..( its variation during the year (ti' ti + I). The (net) balance 
during th e same year, in equivalent height of ice will be denoted b, and the annual discharge a t two 
cross-sections AB and CD (Fig. I ) , qAB a nd qeD. The mass balance be tween both cross-sections may be 
written (in volume of ice) : 

D 

J J (6 ..( - b) dXdT. 

A 
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In this rela tion b is defined a t a point of given coordinates (X , Y ). Actua ll y b is normally m easured 
a t stakes moving with the ice. T he slightly d ifferen t value so measured wi ll be d enoted b' . I n order to 
introduce the m easured va lues b' in to Equat ion ( I ) , a correction m ust be made. 

A longitudina l section of the glacier is sketched in Fig . I. After one year the vertical planes A B and 
CD have become the curved surfaces A' B' and C' D' , and the new surface is E' F' . VVe must then compare 
the volume ABCD, equal to the volume A' B' C' D', and the volume E ' B' C' F' : 

ABB' A' - AEA' + EB'CD = EB'CD + DCC' D ' - DFD' + A' E FD ' . 

ABB ' A' and DCC' D' a re the discha rges q AB a nd q CD. The d ista nce between A' D' and E' F' is the m easured 
ba lance b' (negative in the case of F ig. I ) . The dista nce between E' F ' a nd E F is the varia tion of 
a lt itude 6. '<: (positive in the case of F ig . I ) . T herefo re : 

, p ' , 

q AR - q C D = I 4AA'( 6. .<: - b') ds + I (6. '<: - b' ) dXd1
C

- I ! DD'( 6. '<: - b' ) ds, (3) 

I ,. E' f deno ting a sum along a cross-section (no t the sa me in each case) a nd s the distan ce in this transversal 

d irec tion . So it appea rs tha t ill Equation ( I ), b' may be used instead of b, if the discharges are measured at two 
cross-sections A alzd D , and if the sum of (6. .<: - b') is extended between lines half-way between A and D and their 
position one year afler. If for insta nce A a nd D a re I km apart and the mean velocity a long a cross-section 
is l OO m /a at A , 40 m /a at B, the surface over which the sum must be done is diminished by 3% . 

Whichever m ay b e the defini tion adopted fo r the b ala nce (a t a fixed point or a t a sta ke) , a second 
correction a rises from the fact tha t the a rea of the cross-sect ion flu ctua tes withi n the yea r. I n general 
the topogra phic work is done a t instants t, which a re near the end of the ablation season, w hen the a rea 
of a cross-section is nea r a minimum . Actua lly, d uring the rem a inder of the year the area is bigger, the 
surface being ra ised (in equivalent height o f ice) by b(X. Y. I) , the transien t ba lance. T he true annual 
d ischa rge is then: 

I 

q' f H ,(U dX + V d Y) + J J b(X . Y, I ) (U; dX + V, cl Y) dt , 

/, r 

where [J a nd V denote average va lues through a vertica l of the velocities 111 the X a nd Y d irec tion . 
U~ a nd V~ the su rface velocities a nd H , the ice thickness a t the point X, Y. 

Assuming a linear increase with time of the transien t ba la nce b(X , Y, t ) d uring the accumula tion 
season (t" t, T t, ), a nd nex t a linear decrease with time d ur ing the abla tion season (tl T t" ~ I1 + I ) ; b", 
denoting the m aximum transien t ba lance, a t ins tant I,+t, . a nd 12 = I - I , the leng th of the ablation 
season (in yea rs) : 

Id I I b dt -
bmt, + (bm + b)t2 = b", + bl2 

2 2 2 2 
(5) 

/, 

b' a nd b'm, measured at moving sta kes, may be used instead of b and bm, slllce th is approximation 
introd uces a second -order correction on ly. T herefore : 

I I 

q' = I H 1(U dX + V dYh I b'lII~ b' 1 2 ( U; clX+ V~ d Y) (6) 

In ord er to estimate the im portance of th is co rrection , a result found by Nye ( 1965) will be used . 
Assuming either no sliding on th e rock-bed , or W eertman's la w of fr ic tion , this a u thor has shown that 
the discha rge in a pa ra bolic cha nnel is, within a few per cent, equa l to 

I 

6. q = I H i(Us dX + V" d Y). (7) 
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Thus due to the second correction Hi should be changed to 

Hi+ H b'm+ b'tz). 

]n the Alps, b'lll is of the order of 2 m of ice. Near the snout b' can reach - 6 m or more and 
12 = t. When dealing with small glaciers, the mean thickness of whi ch is 30 to (00 m , these correc tions 
a re not negligible. 
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