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GLACIER MASS BALANCE MEASUREMENTS 

A MANUAL FOR FIELD WORK 

FORE WORD 

During the ~nternational Hydrological Decade it is  anticipated that glaciological 

data will be collected a t  numerous glaciers. In order that these data can be compared 

directly i t  i s  essential that they a r e  collected in a consistent manner and that the 

results presented in a standardized form. Field procedures followed at the Department 

of Mines and Technical Surveys in Canada a r e  described in this manual. They were 

made in order  to ensure, a s  f a r  a s  possible, uniform accuracy and to obtain results 

that can be directly comparable. 

The manual: 

1. describes standard field techniques 

2. outlines practical difficulties and indicates how to overcome them 

3. gives some hints of practical use for the field work 

4. suggests how the data can be recorded and tabulated 

5. shows a suitable form for summary of data to be made in the field 

6. describes the construction of an A-frame hut 

Most of the detailed instructicns a r e  directly concerned with the Canadian 

glaciological program which started during 1965 in southern British Columbia and 

Alberta, but they could probably be used for similar field programs elsewhere - 

with minor adjustments in each particular case. 

Final revisions in the text were made a t  a Field Seminar at south cascade 

Glacier, March 1966, in close cooperation with glaciologists of the Water Resources 

Division in Tacoma, Washington. 

Ottawa, March 1966 
Gunnar h t r e m  , Alan Stanley 
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SELECTION OF SUITABLE GLACIERS 

~t i s  not physically possible to examine all glaciers in a mountain system or  - 
within the catchment area  of large streams. Therefore, it will be necessary to select 

one o r  more glaciers which a r e  considered representative of the whole area under 

study. However, the results obtained from one or  more glaciers can probably be applied 

to a large glacierized area.  It i s  therefore extremely important that the choice of the 

representative basin be made very carefully, but practical conditions (mainly acceeeibility) 

might influence the choice of glaciers for this kind of study. It i s  therefore probably 

necessary to make a compromise in most studies. 

A suitable glacier representing each geographical a rea ,  climatic zone or  
. . 

catchment area  should be selected on the basis of the following considerations: 

a )  The glacier must have a well-defined catchment area and the 
degree of glacierization must be a s  high a s  possible so  that 
the melt water s tream depicts conditions on the glacier rather 
than conditions on the surrounding terrain. 

b) The size of glacier should be comparable with all glaciers in 
the area  of study but small enough to be fully examined by a 
2-3 man arty. (The upper limit of such an area i s  probably E 10-15 km ). In special cases,  when great economic interests 
a r e  involved it might be possible to have more people involved 
in the field measurements and thus a larger glacier area could 
be examined. 

c) The range in altitude between the glacier tongue and the upper 
firn area  should be  a s  large a s  possible, or  at least cover the 
main part of the range for the glaciers in the area under study. 

d) The glacier should be drained by one single melt water stream 
with local conditions favourable for discharge measurements 
close to the glacier snout. 

e )  The glacier should have relatively easy access so that it will 
be feasible to visit it throughout the year without extensive use 
of helicopters etc. Easy access should, however, not be over- 
emphasized; an ideal glacier should not be omitted and replaced 
by another less  suitable for reason of accessibility alone. This 
question, however, must be decided for each particular glacier 
depending on available resources. 

f) The glacier should have few crevasses a s  they make the work 
unnecessarily risky for observers and may restrict proper 
observations to only a small area.  However, if a representative 
glacier within an area  has a great number of crevasses the value 
of this point must a l s o F c o n s i d e r e d  in each particular case. 



g)   he glacier should be situated in an area for which reliable 
maps and good air  photographs a r e  available or can be 
readily obtainable shortly after investigations have started. 
All accumulation and ablation measurements must be plotted 
on maps, and the scale of 1:10,000 is  generally most suitable 
for this purpose. A contour interval of 10 metres will be 
appropriate for the glacier surface, 50 m will be sufficient 
for the surrounding area. The map must cover the entire 
catchment area above the site of river observations. 

BRIEF DESCRIPTION OF THE GLACIOLOGICAL PROGRAM IN WESTERN CANAM 

As a part of Canada1 s contribution to the International Hydrological Decade 

glaciological studies will be conducted at a number of glaciers.. These studies will 

include measurements of mass balance, meteorological observations on or near the 

glacier, measurements of discharge and silt content in outflow streams. Besides 

these subjects which a re  within the scope of the International Hydrological Decade 

program, studies of the ice movement (i. e. Ifice dischargef1 in a glacierized valley), 

ice formation in the firn area,  ice crystallography and related problems will be 

carried out. In some cases however the limited sources of trained personnel will 

restrict studies to the first mentioned subjects. 

The primary purposes of the glaciological investigations on the selected 

glaciers will be: 

1. To determine the mass balance on the glaciers. The winter 
accumulation will be measured a s  accurately a s  possible and 
the total amount of ablation during the summer season will be 
observed by a network of stakes drilled into the ice. Variations 
in snow density in the firn area will be observed by pit studies 
throughout the ablation season. 

2. To study the accumulation pattern and, if possible, follow its 
variation throughout the accumulation season. Furthermore, 
to make a comparison between the total accumulation on the 
glacier up to certain dates during the winter and the precipita- 
tion records kept by meteorological stations and snow courses 
in the area. 

3.  To study the ablation throughout the summer and correlate 
variations with meteorological parameters obtained at  the 
glacier and/or deduced from observations a t  distant meteorolog- 

ical stations. 



4. To meaeure the glacier stream discharge continuously 
throughout the summer in order to check calculations of 
ablation in selected periode. Discharge observatione will 
be corrected for rainfall in the catchment area determined 
with rain gauges placed at a number of locations. 

5. To take water samples from the glacier stream for determina- 
tion of sediment transport. At the end of the Decade, thie will 
give some information about the effect8 of glacier erosion and 
any sedimentation which can be expected in natural or artificial 
reservoirs. Ideally some supplementary observations should 
be made downstream, cloee to these reservoirs. 

6. To investigate refreezing of melt water In snow and f in .  
Refreezing is very pronounced on cold glaciers in the Arctic 
but the process has not been fully investigated for Alpine 
glaciers. 

In order to compare results obtained kom glaciers in different climatic areas,  

a number of glaciers have been selected acroes the Canadian Cordillera. The glaciers 

were selected close to a line running kom the Coast Mountains north of Vancouver, 

B. C. , to the eastern flank of the Rocky Mountains north of Banff, Alberta. The 

selection was made to include humid mastal areas and the dry eastern mountain elopes. 

Furthermore, a fairly dense network of meteorological stations exists in thie part of 

Canada and there is a good transportation system so that most of the glaciers are  

fairly accessible. To date, five glaciers have been selected: 

a) Ram River Glacier a t  the northeastern border of Banff National 
Park, Alberta. 

b) Pe o Glacier at  the provincial boundary close to the Banff- 
*way in Banff National Park, Alberta. 

c) Woolse Glacier, part of the Clachnacudainn Snowfield in 
b o n a l  Park, B. C . 

d) Place Glacier, 20 km northeast of Pemberton, B. C. 

e) Sentinel Glacier in Garibaldi Provincial Park, B . C. 

The selection of glaciers will be extended later to include a glacier in an 

extremely humid area either on Vancouver Island or on the mainland north of Vancouver 

Island, and a glacier between Woolsey and Peyto. 
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Location map showing the Canadian glaciers selected for mass balance studies 
during 1965. 

(1) Ram River Glacier, one of the easternmost glaciers in the Rocky 
Mountains. 

(2) Peyto Glacier in Banff National Park. 
(3) Woolsey Glacier in Revelstoke National Park. 
(4) Place Glacier in the Pernberton area. 
(5) Sentinel Glacier in Garlbaldi Provincial Park. 



Meaeuremente will be continued for a period of at  least tan yearr. Acaumuldtion 

will be measured a t  the end of the accumulation mason (in April or ~ a y ) ,  but ~n additim, 

it will be neoeseary to make winter vieits to glacier0 in areae of heavy accumulation 

to extend the main stakes in the firn areas. Becauee all accumulation measurements 

in the spring must be referred to known points on the glacier eurface it is vital to keep 

them visible throughout the winter, and inspection is anticipated in November and Febtrury 

each year. Ablation and river diecharge will be measured during the entire melt eeason 

by parties of 2-3 men who will also keep records of meteorological conditione.  hey 

will make summaries of all their observations so that the proceseing of data oan be 

performed immediately after their return from the field in September. 

A base camp will be established at all glaciers comprising at least an ineulated 

hut for accommodation, a shelter for a snow vehicle and/or storage of suppliee, one 

or more Stevenson screens for meteorological observations, and probably a shelter 

for an automatic stream gauge. 

STAKE NETS 

As measurements of both accumulation and ablation are  referred to stakes 

placed on the glacier surface it i s  advantageous to plan carefully the pattern of the 

stakes. Ideally, the stakes should be scattered uniformly over the entire surface 80 

that every part of the glacier is  covered by an equally dense network of stakes. 

However, this ideal distribution pattern is not practical and it is  suggested that stakes 

be arranged in one or another geometrical pattern to facilitate the daily work on the 

glacier. It is impossible to make a rigid recommendation for stake locations which 

would fit all different sbaped glaciers, but for valley glaciers the most useful is  a 

long line up the centre with transverse lines at regular intervals. 



1. Stake looation 

One longitudinal profile i s  approximately along the centre line of the glacier 

(for numbering of these stakes, see below) and several transverse profile8 a r e  located 

a t  suitable intervals across the glacier from the snout to the firn area. The transverse 

profilee should be placed a t  right angles to the longitudinal profile. Crevassed areas 

and other "difficulttt parts of the glacier must also be considered, although a less dense 

network might result in such areas ,  for eafety reasons. 

2. Numbering system 

If stakes disappear or bad weather conditions make navigation difficult on the 

glacier a good system makes it easier for the crew to decide their location. In order 

that each stake can be easily identified it is necessary to have a logical system of 

numbering. There a r e  several systems but the following has proved to be very useful 

for a valley glacier. 

The "maintt stakes that indicate the centre of transverse profiles in the 

longitudinal profile a re  numbered 10, 20, 30, 40, etc. Stakes in the first transverse 

profile have odd numbers, 11, 13,  15 etc. , on the left side of the glacier and even 

numbers, 12, 14, 16 etc. , on the right side, Stake 10 is in the centre. Similarly, the 

next transverse profile at  stake 20 will carry the numbers 21, 23 25 on the left side 

of the glacier; 22, 24, 26, etc. on the right side. If it is necessary to insert more 

stakes in the longitudinal profile they could be numbered with figures not already used 

in the transverse profiles, a s  18, 19, 28, 29, etc. For most valley glaciers there 

will be less than 10 stakes in the transverse profiles and sufficient numbers will be 

available for intermediate stakes in the longitudinal profile. An example is shown 

among the illustrations. 

3. Replacement of missing stakes 

If it is  neceseary to replace a stake which has disappeared a new stake can 

be inserted as  close as  poesible to the "original" stake s position. The new stake 



Ohwst lon  hut 8 
PLACE GLACIER 

BRITISH COLUMBIA 

The stake net established on Place Glacier 1965 could be taken as an example 
of a suitable pattern for a valley glacier. However, the number of stakes in 
the upper part of this glacier i s  still too scarce and should ideally be 
densified. 



should carry a number similar to the original but with a prefix which clearly separates 

it from the previous stake to avoid confusion if the original stake i s  found later in t b  

season. Example: If stake 24 has disappeared a new stake numbered 124 should be 

imerted in the assumed poeition of stake 24. (If the total number of stakes on the 

glacier is greater than 100 the prefix should be 2. h~ this case the new stake would 

cmsequently carry the number 224). If also thie stake disappears, the replacement 

should be given the number 324, etc. If the original stake i s  found later, the replace- 

mente should be removed from the glacier immediately. 

4. Duplication of stakes 

To mark the position of a very short stake so that it can easily be found for 

triangulation purposes, etc. , a duplicate stake should be placed adjacent to the original, 

but its number should carry a letter a s  a prefix. Example: If stake 83 i s  hard to 

recognize (as it is located in a concave area on the glacier, or because only a small 

part of it remains above the snow surhce)  a duplicate must be given the number A83, 

and inserted close to the original stake. This duplicate stake could then be marked 

with a big flag to make the position of stake 83 clearly visible at  a distance. For very 

accurate determination of its position the horizontal distance between the two stakes 

should be measured. In most cases, however, this will not be necessary. 

If for any reason it is  necessary to insert another stake at  this location (if 

stake A83: has disappeared or has been bent down) this second duplicate stake should 

be numbered B83. A letter in kont of a stake number would therefore always indicate 

a duplication of a stake in that particular point. The horizontal distance between a 

duplicate stake and the original stake should be kept to a minimum (i. e. in most cases 

less than 1 m). Note the difference between a duplicate stake and the replacement 

etake mentioned above ! The latter will probably be situated a t  a greater' dhtance £rom 

the original stake. 



3. Stake extension 

For accumulation measurements made in the spring (see next chapter) it ie  

necessary to b o w  the exact location of all eoundiug profiles. Therefore, it i s  

important to keep a t  least the main stakes vleible as a system of reference. h tbe fall 

it i s  almost impossible to erec t  a stake long enough to eurvive a full winter ' e  snow 

accumulation, although such arrangements have been made on the South Cascade glacier, 

Washington (see Tangborn, 1963). The simplest way to keep stakes visible i s  to extend 

them by inserting a short steel pipe inside the stake and adding a 2 m long exteneion tube 

to the top of the original stake. To number the extension, use the same number a s  the 

original stake but with a suffix to show that it  ie an extension. Example: Stake 70 is 

extended in November by adding a 2 m aluminum tubing. This extension piece will be 

numbered 70/1. In February only the upper part of this extension may be above the 

snow surface(with the number 70/1 visible), so  if a second 2 m extension piece is put 

on top of the f i r s t ,  i ts  number will be 70/2. From the star t  of the melt season these 

extensions a r e  successively removed until the original stake is again visible. 

Photographs demonstrating details of stake extension work a r e  shown among 

the illustrations. 

4. Technique of inserting stakes 

The best material for stakes on a glacier is probably aluminum. Although 

bamboo is far cheaper i t  has some pronounced disadvantages. Firstly, its physical 

strength i s  not sufficient to withstand heavy storms,  especially if hoarfrost becomes 

attached to the stake, a s  i s  normal in humid(maritime) areas. Secondly, the surface 

becomes bleach and it is difficult to recognize the stake in foggy or  overcast weather. 

In such cases the advantage of a metal stake i s  obvious. In some extremely humid 

a reas ,  however, (near the western coast of Norway), even aluminum poles a r e  too 

weak and must be replaced by steel stakes. 



Another flag is fixed to the tog of the 2 metre extension. An area 
in the foreground, 10 metre8 horn the stake bas been marked by 
powdered dye to obtain a datum for pit studies in the spring. 

B g  



For the Canadian glaciological work "65 ST 6" aluminum alloy tubing ha8 

been selected with 1 1/411 outer diameter and a wall thickness of 0.065". This i s  

cheaper, but almost a s  strong a s  dur-aluminum. All drilling equipment, exteneion 

tubes and inserts etc. have been standardized s o  that there will never be any confueim 

in size. The optimal length of the stakes is 4 to 5 metres, but all, stakes should be 

cut so  that their length i s  4 m or 5 m ,  exactly. Usually the tubing i s  delivered in standard 

lengths of 14,  16, o r  18 feet but intermediate lengths can be delivered on requeet. 

Before any stake i s  inserted in the glacier it  should be marked all around tbe 

circumference by pencil and paint for each metre to facilitate the reading when the 

stake has been inserted. 

Stakes a r e  placed vertically in the glacier by: 

(1) pushing the stake into the snow or firn (this applies to the upper 
part of the glacier only). 

(2) inserting it  into a hole drilled previously with an ice drill (hand 
operated o r  motor operated mechanical drill) o r  a hot point. 

The hole must have a diameter of 1 1/2" and should be so deep that only a 

small part of the stake remains above the surface. 10-20 cm is  sufficient i f  the stake 

i s  drilled in a t  the beginning of the ablation season, but if it is drilled in near the end 

of the season, 200-250 cm of the stake must be visible above the glacier surface. 

When less than 100-150 cm of the stake remains in solid ice, the stake is no longer 

reliable, for experience has shown that stakes remain in a fixed position relative to 

the surface only a s  long a s  the stake is  still frozen into the hole. As soon a s  it i s  no - 
longer frozen in the hole it must be redrilled. 

Redrilling in the same hole may be impossible due to wet conditions in the 

ice. Any stake must be redrilled a s  close a s  possible to the original position. As a 

rule-of-thumb the stakes should be redrilled 1 m up-stream from their previous 

location, but if this a rea  is difficult to drill ,  a new spot must be selected and its 

position noted. For studies of glacier movement this measurement is  extremely 





important. 1f very accurate measurement8 a r e  applied, epecial precuatione muet be 

taken to ensure accurate calculation of the new poeition. 

A hand operated ice drill  coneiete of a eeamleee eteel tube with 4-8 teeth cut 

into the lower end. The drilling equipment ie  ehown among the illuetratione. + TO 

UBe a hand operated ice drill  ie  something of an a r t  and requires a dietinct h c k  that 

be explained in detail without simultaneoue practical training. When the drill 

ie rotated ice crumbe will accumulate inside the tube and hinder further drilling. 

~ o r m a l l y  50 cm can be drilled before the tube has to be cleared. Aluminum extensione 

with brass couplings can be attached to the drill so that holee 4-5 metres deep can be 

made easily by two men in 1/2 - 2 hours depending upon ice conditions, a i r  temperature 

and the skill of the drillers. ** 

It is always advisable to drill holes for the stakes when the ice is  cold and 

there i s  no melt water to  percolate down into the hole. However, if the a i r  temperature 

is above OOC o r  there is strong sunshine the drill warms up and might freeze into the 

hole if the ice i s  very cold. Under such conditions it might be necessary to drill during 

the night. To loosen a drill  frozen to a hole, alcohol o r  antifreeze can be poured into 

the hole immediately. Denaturated alcohol should therefore always be carried by the 

ice drillers. 

To insert a stake in the firn a rea ,  i t  can be pushed down to the desired 

position o r  a hole can be drilled to facilitate the insertion. Metal stakes tend to sink 

in the firn and it  i s  important to support the lower end before they a r e  used to measure 

any variation in the snow o r  firn surface. To prevent sinking, the stake could be: 

(1) placed on the previous summer crust ,  this i s  a relatively hard 
surface and will support the stake more efficiently than any snow 

 his equipment was developed in Scandinavia during the last 15 years, and can 
be obtained from: Institute of Physics (Verksmester R. Holm), University of O s 1 ~  Blindern, 
Norway. Approximate cost is $150.00 for a complete set. 

* * 
Other kinds of drills have been developed, many have a horizontal cutting knife 

and a long spiral along which fragments a r e  raised. In cases when glacier ice i s  very 
wet this type of drill  could have some advantages, although raising ice crumbs to the 
surface might still be difficult. 



layer. However, when melt water percolates through the crust, 
the mechanical strength decreases and the stake will start to 
sink anyway. 

(2) placed on a small "platformI1 made of any cheap material plugged 
into its lower end. The simplest is to insert a cork or a wooden 
plug before the stake i s  put in position. If, furthermore, the 
stake is  placed so that it res ts  on the summer crust; it is likely 
that it will be held in correct position for most of the summer. 

(3) placed on a plate that is larger than the stake diameter. This can 
be done by drilling a large diameter hole (SIPRE-type coring auger) 
and fixing a circular plate to the stake before it is  inserted. This 
method has proven satisfactory under various conditions, provided 
the plate is  strong enough. 

If a pit i s  dug, a large plate can be laid at  the summer surface, and 
the stake placed on i t  before the pit is  filled up again with snow. 
This i s  a very satisfactory method, but it requires. much labor. 

In remote areas where glaciers will be visited only at  long intervals or  on 

glabiers where melt Lagreater than 4 metres of ice, it is advisable to use a hot point 

drill to insert a chain of stakes so that no redrilling will not be necessary until the ice has - 
melted approximately 20 metres vertically. No description or  explanation of the hot 

point drill is  given here a s  this i s  beyond the scope of this manual, but assistants 

who a re  occasionally working on glaciers where such stake chains have been inserted 

previously must be aware of the special technique involved in the observation of glacier 

melt at  these stake chains (or wires frozen vertically into the ice). (See under the 

description of ablation measurements below). 

A complete equipment for hand drilling comprises: 

a) a seamless steel tube 1 metre long with 4-8 teeth cut in the lower 
end and a 5/8If thread in the upper end. 

b) aluminum extensions 1 metre long with brass couplings fitting the 
above mentioned thread. 

c) handle with an operating radius of approximately 20 cm (this is 
more than a standard carpenter s brace). 

d) rubber mallet to clear ice fragments from within the drill. 

e) 2 open end wrenches or pipe wrenches to dismantle the drill and 
extensions. 



f) a bottle containing denaturated alcohol to free the drill if it 
freezes into the ice. 

ACCUMULATION MEASUREMENTS 

1. General 

The total thiclmess of snow that accumulates over the entire glacier au rhce  

must be measured a t  the end of the accumulation season. (For most glaciers in southern 

Canada this will be during the month of April or  May. ) Snow will then star t  to disappear 

from the glacier surface due to strong radiation although ambient a i r  temperatures 

remain below zero. Additional accumulation may occur during May and June and 

increase the total accumulation a s  measured in April/May. 

Due to practical difficulties in visiting all glaciers at the right time it will be - 
necessary, a t  least for some glaciers, to measure the accumulation prior to the actual 

end of the accumulation season. For such glaciers additional accumulation after the 

snow survey must be recognized and recorded. 

To study the rate of accumulation during the winter it will be necessary to 

make several visits to each glacier and to make a complete accumulation measurement 

at each visit. However, the method will be similar to those used a t  the end of the 

accumulation season and they a r e  described in this chapter. 

As the accumulation is expressed in water equivalent it i s  necessary to 

measure snow depth and use a mow density factor to calculate the water equivalent in 

each measuring point. However, a s  snow density seems to be relativelyuniform over 

large areas  whereas snow depth nor rnally shows large variations even in short distances, 

it will be necessary to make a great number of snow depth soundings and relate them to 

a comparatively small number of density observations. Snow depths a r e  measured 

directly with a "sounding stickt1 o r  probe*which is  pushed vertically through the snow 

pack to previous s u m m e r l s  crust (or the ice surface). The snow density is  measured 

 h he swiss snow probe is made by Dr. P. Kasser,  Abt. fiir Glaziologie, 
Voltastr. 24, ~ d r i c h  7/44, Switzerland. 



by a known volume of snow obtained from the snow pack between the exieting 

snow surface and previous summer ' s crust (or the glacier ice surface). 

Results of water equivalent determinations a t  numerous places a r e  plotted 

on a map and lines of equal accumulation drawn. From this accumulation map the 

3 total accumulation, expressed In millions of m of water equivalent can be calculated, 

2. Snow depth soundings 

Snow depth can be highly variable a s  deposition i s  greatly affected by topography 

and wind action. Prevailing winds will probably produce a deposition pattern of the 

winter snow cover which is  similar from year to year for any particular glacier. 

However, great variations might occur even in two consecutive years  and before the 

snow accumulation pattern can be anticipated it will be  necessary to measure the 

2 snow depth a t  a large number of points. A density of 100 points per km will probably 

be desirable for a valley glacier whereas a less  dense network might be sufficient for 

a large ice cap. 

Ideally, the measuring points should be uniform over the entire glacier 

surface. However a s  this i s  not practical soundings along profiles a r e  recommended: 

Sounding profiles (i. e.  straight lines along which soundings a r e  performed at 

equal intervals - normally 50 metres) should be laid in a pattern which will cover the 

entire glacier. If snow conditions a r e  more or  less known from previous experience, 

a skeleton network could be placed in areas  of even snow distribution and a denser network 

in areas  where large local variations a r e  expected. Even distribution generally occurs 

on the tongue o r  on the intermediate part of the glacier, whereas xide variations a r e  

commonly expected in the upper firn a r e a s ,  that also tend to have greater th ichesses  

of snow. 

The easiest method i s  to locate sounding profiles between the "main" stakes 

down the length of the glacier and extend other lines a t  right angles to this center 

profile. At 50 metre intervals along all profiles, snow depth should be sounded to 



the nearest cm. 

~t i s  advisable to plot all  field measuremente the day they a r e  obtained. 

~n this preliminary plotting all  figure8 will express snow depth only and not water 

equivalent, but they will show any irregularity in distribution and determine the 

position of additional sounding profiles. 

~t i s  advantageous to f irs t  sound the snow depth on the glacier tongue for two 

good reasons: 

1. The previous summer surface i s  represented by glacier ice and 
there will be no doubt about the location of the lower boundary 
of the winter s snow. 

2. The snow cover will be thinner than on the upper parts of the 
glacier and untrained personnel will rapidly gain experience in 
using a snow sounding rod. 

As snow sounding profiles a r e  extended into the accumulation area  a t  higher 

altitudes, it may become difficult to locate the lower boundary of the winter snow pack. 

During a warm summer a rigid "summer crust will be developed and its location can 

be detected with a probe. However, during a cold summer, no real "summer crust" 

develops, and summer snow falls may give a number of poor developed crusts. It 

becomes difficult to decide which of them should be defined a s  the previous summer s 

surface. * 

Generally the greatest variations in snow depth can be expected in the upper 

part of the glacier which also has the heaviest accumulation. It i s  important to spend 

more time in this a rea  and have more sounding profiles than on the tongue. Generally 

travel becomes difficult and each sounding takes more time so work may take 2-3 times 

longer than on an equal area  on the glacier tongue. 

Before the soundings a r e  completed on the glacier, make sure that all data 

a r e  plotted on a map and contours a r e  drawn to show areas of equal accumulation. 

P 
If such conditions a r e  observed during the ablation season in a particular 

year ,  special measures should be taken by the crew to - mark a s u r k c e  which could be 
defined a s  that summer s crust (see later). 



Additional soundings might then be  necessary in areas  where it  seems difficult o r  

impossible to interpolate the data to obtain a reasonable pattern. 

All snow depth soundings must be converted into figures of water equivalent 

using density determinations obtained from snow pit studies. 

3. Pit  studies 

The density of the winter1 s snow pack will generally show little variation in 

areas of approximately equal altitude. The number of pits necessary to obtain accurate 

accumulation measurements will depend on the range of altitude for each glacier. I.€ 

time is  very short it would be advisable to dig a t  least 3 pi ts ,  one on the tongue, 

another in the middle part ,  and one high up in the firn area. Intervening pits should 

be dug according to the time available. 

Before digging a pit, first make a number of snow depth soundings to determine 

the depth which will be necessary for the pit and to ensure that no crevasses a r e  present. 

The initial hole must be large enough that the final pit will be  a t  least 1 x 1 m a t  the 

bottom. Digging should continue approx. 50 cm in the old snow (firn) below the 

previous summert  s crust. Normally the pit will have a square o r  a rectangular cross 

section and before starting one must decide which of the four sides should remain 

untouched. Otherwise it will be impossible to deterinine the original upper surface 

of the snow pack. To avoid changes in snow conditions due to direct sunlight, it i s  

advisable to select the southern pit wall for sampling. 

If a pit i s  dug near an existing stake it should a s  a rule be dug a t  a standard 

distance downstream from the stake. A distance of 5 o r  10 m is  recommended. The 

same distance should be maintained for all pits dug on the same glacier. If there i s  

no stake at the pit location it i s  advisable to place a stake there,  because if repeated 

pit studies a r e  necessary, the exact location can be easily recognized a t  each visit. 

Snow samples a r e  taken vertically in the pit wall from the untouched snow 

surface downwards to approx. 50 cm below the previous summer surface. The samples 
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to be kept und~sturbed) 

, - Summer surtoca 

Sketch of a snow pit 

Time and labour can be saved if the pits a r e  planned properly. At least 
one wall should be vertical (preferably on the southern side of the pit) ,  
extending from the undisturbed original snow surface down to 50 cm 
below the previous summer ' s  crust. Snow dug from the pit should be 
placed near the edge to facilitate refilling the pit. For deep pits,  it i s  
advisable to use a large bucket and a rope to r i s e  the snow from the 
deeper par ts  of the pit. 



The steel plate is pushed horizontally into one of the vertical walls 
in the snow pit (in this case 30 cm from the original snow surface). 
The sampling tube is then pressed vertically down to obtain a 
sample of the upper 30 crn of the snow pack. 

The rr;s%n JIar tb &at mam sample ha8 been cleared, the steel plate 
3aBw& s4notkw e h p  d r n ~ l d %  and the st@& qlider pres~ed into 
ib O(CW 6~~qlhig po~iefon. The ruler indicates the original mow 
mr&m~, the rubber Wiet ie rmrting on the ewrfaosr introdumd by 
Mm@bap&te&mm&Bma. ~ e a g l r l l ~ i 3 y Z : ~ e a a n b e s e ~ n  
b-r@lll&&m#w*Ih*. 



must be taken continuously but the length of each sample is arbitrary, ite length 

being normally determined by the physi-1 condition of the snow, presence of i- 

layers, etc. 

To obtain the sample: push a steel plate horizontally into the undisturbed pit 

wall about 20 to 40 cm below the surface, then push a stainlese steel snow sampling 

tube vertically downwards onto the steel plate and measure the vertical dietance 

between the surface and plate to the nearest 0 .5  cm. This is  the length of the sample 

and although snow may settle inside the tube it will not effect the density measurement. 

Remove some of the snow from the pit wall to release the sample tube and 

transfer the content of the tube to a suitable bag. Weigh the bag and contents with 

a 1,000 gram spring balance*to the nearest 5 gram. Subtract the weight of the empty 

bag to obtain the net weight of the snow sample. 

The length and weight of the sample must be noted carefully (for completion 

of appropriate forms, see below). From these figures the snow density and water 

equivalent can be easily calculated and a diagram of their variations with depth 

constructed. 

If sampling is  performed in warm weather o r  during a day with strong 

radiation the sampling tube might become warm and snow may stick to it. Then it will 

be difficult to transfer the snow sample from the steel tube to the plastic bag in which 

it  i s  weighed. It might be necessary to push out the snow with a piston or  work during 

the nights when temperatures a r e  low. A thin layer of wax on the inside of the snow 

sampler might also help . 
A series of temperature observations should be carried out a t  regular intervals 

in the snow pack to determine if melting has occured. If freezing temperatures a r e  

present in the lower part of the snow pack no substantial amount of melt water has 

disappeared and the water equivalent observations would be reliable except for surface 

evaporation. The amount of evaporated snow is  difficult to determine but for most 

*A suitable balance can be obtained from Thorolf Gregersen, Tollbugt. 24, 
Osla ,Norway, for approx. $9.00. 



purposes it may be neglected. 

After completing all  measurements, mark the previous summer surface with 

a layer of saw dust, powdered dye o r  with a plywood o r  maeonite sheet. F i rs t ,  the 

bottom of the pit must be filled with clean snow to the level of the previous summer 

crust. The datum of powdered dye will make it easier  to recognize the actual 

summer surface later in the season because percolating melt water will form ice 

layers in the snow pack and, eventually, loosen the summer crust.  The boundary 

between laet winter s snow and firn from previous years will gradually be  obscured. 

Pits that a r e  dug later in the summer should be located s o  that the above-mentioned 

datum appears in a corner of the new pit. 

Even if continuous study of snow density and water content variations i s  not 

~laade, it will be necessary to dig pits a t  the end of the ablation season to measure 

the remaining part of last winter s accumulation. For further details,  see  chapter 

on ablation measurements. 

4. Density determinations performed from the snow surface 

Many attempts have been made to avoid time-consuming pit digging to obtain 

snow density values, but one of the main difficulties in all  these methods i s  to 

recognize the previous summer'  s surface, i. e. to what depth the sampling should 

continue. Another problem is  the accuracy of these methods (Williams, 1964). 

a) The coring drill  

With a SIPRE type coring drill  it is possible to obtain snow samples similar 

to those taken with a cylindrical snow sampler. However, due to variations in physical 

conditions (degree of packing, crystal s ize,  density), almost each time the auger i s  

raised the snow core breaks and a part of the sample core is lost before a density 

measurement can be made. Special precautions must be taken to ensure that measured 

densities a r e  valid for the whole snow pack. Example: The coring auger has been 



lowered 50 cm in tlm hole and a 50 cm cylindrical snow sample should have been 

obtained. When the auger i s  raised the length of the sample ie only 45 cm. The 

water equivalent of this sample will therefore be approx. 10 per cent lees than 

expected and a correction must be made accordingly. To make the correction a 

special form has been developed for field use , and it is described in a following 

section. It i s  advisable to check a t  least some of the results obtained by the coring 

auger with pit studies a t  the same location. In Loose snow such check i s  vital, a s  the 

coring auger has shown a tendency to over .register the density of light snow. 

b) A radioactive method 

A method based upon radioactive penetration is described by Danfors e t  a1 

1962, Leighty, 1966, and others. A specially designed probe is  lowered into a hole 

and the average water equivalent is  determined for snow within a radius of 12-40 cm 

from the probe. With this device it is  essential that the hole has parallel walls because 

air  between the probe and the snow will give erroneous figures for the water equivalent. 

There a r e  also some problems with calibration. The total weight of necessary 

equipment is  higher than the weight of a complet SIPRE coring auger, and is  not yet 

practical for field use. 

5. Additional Accumulation 

Snow that falls after spring accumulation measurements have been made must 

be accounted for before the total accumulation i s  computed. This correction for 

"additional accumulation" can be made either by using precipitation observations 

from a meteorological station or  by direct measurements on the glacier surface. 

In the first  case the amount of precipitation between the snow survey and the end of 

the accumulation season can be used in connection with a correlation coefficient and 

calculations of prevailing temperatures on the glacier, see below. In the latter case 

a simple measurement is  made of the actual snow cover which has developed between 

the snow survey and the beginning of the ablation season. This method is  the most 



reliable and should be used whenever possible. It can be facilitated by marking the 

existing snow surface at the time of the snow survey with masonite sheets anchored 

to the stakes or  scattering sawdust o r  powdered dye near the stakes. 

During a short period in the spring some additional accumulation can result 

from rain falling on snow that remains well below OOC. The rain water will freeze 

withfn the snow pack and form layers that increase the total amount of accumulation. 

This kind of additional accumulation, however, will be negligible in temperate areas ,  

TO check the amount of additional accumulation pits should be dug a t  the beginning 

of the ablation season (especially in the firn area)  and the total water equivalent 

measured in the snow pack. A comparison with figures obtainedby the snow survey 

in April/May will indicate if a correction i s  necessary. 

A meteorological method using precipitation data from a meteorological 

station i s  complicated for i t  i s  necessary to decide i f  precipitation will fall a s  snow 

or rain a t  the glacier on each occasion and, furthermore, to decide if rain water will 

freeze within the snow pack o r  not. If it  does not freeze it i s  assumed that the rain 

water drains completely off the glacier,  and does not increase the amount of accumulation. - 
This statement is  based on the assumption that the temperature of the firn is  a t  O'C. 

Such conditions a r e  assumed to be  valid for glaciers in temperate a reas .  (The 

conditions of additional accumulation a r e  however completely different for a "cold" 

glacier in the Arctic. ) 

A direct measurement of additional accumulation should be  made immediately - 
after arrival at the glaciers in June, 

6. Recording data and completion of forms 

In this section data forms for snow pit work and core drilling will be described 

together with a table for snow density calculations and a nomograph. It i s  essential 

that the forms a re  completed in the prescribed manner. 



a1 The snow   it form 

on this form, the first three columns should be completed a t  the pit. Tkm 

next three columns a r e  for calculations and the last column is for reaarke .   he 

following should be observed when the form is  ueed: 

1. Fill in the name of the glacier, the date etc. , in appropriate 
space on the top of the form. 

2. Column No. 1 should show the depth a s  measured from the 
original snow surface to the lower end of the snow sampler (i. e. 
to the horizontal steel plate mentioned above). Note that thie 
column will ahow the total depth measured, If poseible, ue'e 
a hanging tape fixed a- original snow surface. 

3. Column 2 shows the actual length of the snow sample o r ,  more 
correctly, the vertical distance between the positions of the 
horizontal steel plate. It is  important that the distance be 
measured before any snow is  removed to release the snow 
sampler. Note that the actual length of the snow sample 
obtained in the steel cyclinder might be somewhat less ,  a s  
snow may compact during the sampling procedure. The 
cumulative value of figures in column 2 should agree with the 
figures shown in column 1. 

4. In column 3 record the net weight of the sample (deduct the 
weight of any bag which is  used in the weighing procedure). 

5. Calculations necessary to complete column 4-6 can be simplified 
using a table that shows the density for a sample 10 cm long. 
If a snow sample is  not 10 cm the obtained density must be 
multiplied by a factor shown to the right in the table. As this 
table gives only the density to be placed in column 6 ,  further 
calculation must be made to obtain the figures necessary for 
columns 4 and 5. However, for any given length and weight, 
the water equivalent and density can be readily obtained £rom a 
special nomograph (See Example). 

Note that the water equivalent for each Sam le is  placed in 
column 4 and that column 5 shows o y e cumulative value of 
the figures in column 4. 

+ 
A diagram showing the variations in density with depth must be constructed a s  

well a s  a diagram for the cumulative water equivalent versus depth. Both diagrams 

should be plotted on the same graph paper and an example of a combined diagram is  

shown among the illustrations. 



Table for Snow Density Calculations 

Vplid for cylindrical enow e mpler, diam. = 7.27 cm. !I (Croee-eectional area 41.6 cm ). Length of eample = - 10 cm. 

If enow eample b 
not 10 cm, multh 
by the following 
factor 

Weight . Density 

400 
410 
420 
43 0 
44 0 
450 
460 
470 
4 80 
490 

0.963 
0.988 
1.012 
1.036 
1.060 
1.084 
1.108 
1.132 
1.156 
1.181 



SNOW PIT MEASUREMENTS - NOMOGRAPH 

Using Length and Weight to determine 
Water Equivalent and Density 

NOTE: Somple tub@ im 41.5 em' trorm section 

EXAMPLE 
Lmgth Weight W.eq Dm)itr 

22 3 2 0  7.7 .352 



Place Glacier,  Birken, Br i t i sh  Colu~nbin. Density diagrams 
(shaded) obtained in pits dug a1 the s a m e  location (elevation 2,440 
m) in spring and in mid-eummer . The dots show the cumulative 
water equivalent versus  depth. During the first  part  of the 
summer the density of the snow had increasecl, partly by settling 
and partly by refreezing of melt water in the sillow pack. The 
total water equivalent, Ilowever, decreascd in the same time 
inlerval f rom approxlnntely 150 crn to appl.oxlmately 125 c m  
of waler. 



b) The coring &ill form 

Thie form is a little more oomplicated than the snow pit form but followe the 

eame format with the following exceptions: 

1. Column 1 shows the depth a s  meaeured from the original enow 
surface to the lower end of the auger. This can be measured 
along the drill extensions or  on a probe carefully lowered into 
the hole. 

2. Column 2 shows the distance of the drill between each sample, 
and is calculated a s  the difference between the depth of each 
sample. 

3. Column 3 shows the actual length of the sample measured when 
:it i s  removed from t h e g e r m  This length will normally be 
slightly lees than the distance between aample depths. It can 
also happen that the sample has to be trimmed a t  the ends to 
make a proper cylinder. 

4. Column 4 gives the net weight of the snow sample. 

5. Column 5 shows the volume of sample. This figure can be 
obtained by multiplication of the cross sectional a rea  with 
length of sample. There is no standard size coring auger and 
consequently no standard table has been constructed to calculate 
the sample volume. 

6. Column 6 shows the density of the snow sample. Note that this 
is  an actual density, calculated from the weight and volume of 
the snow sample (which is generally shorter than the drill 
penetration). This figure should be used when plotting the depth/ 
density diagram (the depths taken from column 1). 

7. Because the figure in column 7 is a subjective judgment made in 
the field, i t  is extremely necessary that the column is  properly 
completed. Pa r t s  of a sample can be lost and thus no actual 
density measurements obtained for parts of the snow pack. The 
missing part might have the same density a s  the previous snow 
sample, or  the same density a s  the next sample, or  it might 
originate from a layer of very loose and light snow which cannot 
be sampled. 

Any decision i s  difficult to make, but when using a drill the 
operator may feel when he is  drilling in heavier snow and when . 
he is penetrating loose snow. The decision must therefore 
mostly be based upon the working conditions when the snow 
sample is  taken. 

The cumulative value of figures in column 7 must agree with the 
figure in column 1. 



8. column 8 expresses the water equivalent assumed to be preeent 
in h e  area indicated in column 7. Note that this figure is  the 

water equivalent and not the actually measured value 
snow sample. 

9. Figures in column 9 a r e  the cumulative values of figures in 
column 8 ,  and can be  directly plotted in the diagram. 

ABLATION MEASUREMENTS 

1. General 

Glacier ablation comprises all material which is removed from the glacier 

by melting, calving , evaporation or wind action (Ahlmann; 1948, p. 26). The most 

important factor on mountain glaciers is  melt,  most of which occurs on the surface. 

Wind action is  negligible and evaporation is dominant only for short time periods 

during the spring. The amount of material lost by evaporation is commonly only a 

fraction of the material which is removed £rom the glacier by melting. Investigations 

of the relationship between the many factors, the influence of meteorological parametres 

(air temperature, wind speed, humidity, radiation etc. ) i s  extensively described in 

the literature and is not dealt with in this manual. (See, par example, Wallen, 

1948 or Hubley , 1957). 

The total amount of material lost from the glacier during the summer is 

called total ablation and it can best be obtained from observing the relative lowering 

of a large number of points on the glacier surface. (Ablation within or under the 

glacier ice is negligible compared with the melt on its surface). Changes of surface 

elevation can be measured by photogrammetric means and this method is still used to 

measure the volume change a t  a large number of glaciers in Europe and in North 

America. * 

'For a number of Canadian glaciers terrestrial photogrammetry has been used 
to determine the glacier shrinkage o r ,  more correct,  the shrinkage of the tongue, by 
the Water Resources Branch of the Dept. of Northern Affairs, However, a s  this method 
only comprises the lower part of the glacier a; f i p r e  for the total budget i s  not obtained. 



The variation in total glacier volume from year to year can be obtained by 

photogrammetric mean8 if the glacier ie photographed at  the end of each ablatian 

seaeon. Thie yearly variation in ma88 reeulta from both accumulation and ablation 

and is defined a s  the glacier net budget. (A negative budget meane that the glacier 

volume has decreaeed, a poeitive budget that it has increased). Terms used in this 

kind of investigation have been defined in a discuseion of glaciological mass balance 

terms by Meier (1962). However, some modification of them terms were suggeeted 

as  a result of further discussion at a field eeminar at South Cascade Glacier, March 

"Net budget totaltt is redefined as "Total budgettt 
"Mean specific budgetw is  redefined as  "Mean budgetM 
ttCumulative mass fluxtt is redefined as "Transient budget" 

Other glaciological terms were considered and the most useful for attention are: 

-Mrfi edge, summer surface and snow line (which represents the final poeition of the 

transient snow line). 

Information of ablation can be obtained from the poeition of the snow line 

(the lower border of last winter1 s snow cover) a t  the end of the ablation season. 

However, under equal melting conditions it will be situated higher in a year of less 

accumulation and calculations of total ablation are difficult to base entirely on this 

concept. But a series of photographs showing the position of the transient snow line 

throughout the summer will be extremely valuable support in the construction of 

ablation maps. Such photographs should therefore be taken by the field crew at 

5-10 dayst a intervale from suitable fixed points. 

2. Stake readings 

Lowering of the ice surface can be measured directly by comparing the 

visible length of a stake in a given time period. Example: A stake inserted in the 

ice has only 20 cm visible, but one month later it extends 120 cm above the ice 



surhce. This meane that 100 cm of ice hae dieappeared and thin repreeents an 

ablation of approximately 90 cm of water equivalent. 

TO obtain vaUd comparisons all etake readinge muet be made in the same 

m s m r  and some "rules of thumb" must be followed: 

a) For stakes drilled into ice: 

A measurement is  taken from the top of the etake down to the glacier surhce  

and recorded to the nearest cm. The top of a stake ie always easy to locate, whereas 

the glacier surface might be very uneven and difficult to determine accurately. To 

avoid large variations due to uneven topography, the ice surface should be defined by 

an ice axe placed on the ice touching the stake and resting in a direction perpendicular 

to the ice flow. If an ice axe i s  not available any straight rod or plank approximately 

1 m in length can be umd. 

b) For stakes drilled in ice which i s  still covered by snow: 

A measurement must include the visible length of stake (1. e. from the top 

to the snow surface defined similar to the ice surface above) and the snow depth. - 
The snow depth i s  measured with a snow probe a s  outlined in the previous chapter. 

The probe i s  pushed down vertically in at least three places within 1-2 m of the stake. 

The arithmetic mean of these soundings is used for the snow depth figure a t  this 

location* and is noted on the stake form. (See further below under description of 

completion of forms). 

At the beginning of the ablation season the glacier ice is  relatively cold and 

percolating melt water will refreeze at the ice surface to form superimposed ice 

(Schytt, 1949). Superimposed ice will disappear later in the summer, at least on 

lower parts of the glacier. It must, however, be taken into account when short-term - 
A s  snow depth alone does not give information of the water equivalent 

it will be necessary to determine the snow density from time to time. See previous 
section about pit studies. 



etudiee a r e  made of ablation variatians. The amount of mperimpored ioe con be 

calculated from etake obaervntione and muet be ehown cm the etoke forma. 

c) For etakee in tbe firn area: 

Stakee in tbe firn area a r e  not normally supported in a eolid maen e imihr  to 

stake8 drilled into glacier ice, some artificial support muet be used 80 that the etake 

does not eink into snow or firn. See previoue eection deecribing techniques of ineerting 

e t a h e  ! If a stake is not eupported it must be expected that it will euddently etart to 

e w  a t  any time during tlm eummer and all subeequemt readinge will be hlee. 

If a etake has an efficient eupport at  it8 baee the following rneaeuremente 

ehould be made a t  each reading: 

1. Length from stake top to snow eurface in cm. 

2. Snow depth from the present eurface to the previoue eummerle cruet. 
Thie measurement is performed by a snow eounding etick and the 
summer crust identified by feeling a hard layer a t  or  near the 
expected depth, baeed upon previously made observations. (Compare 
accumulation meaeuremente in the area). However, for mation of 
numerous ice layere within the enow pack might confuse meaeuremente 
of snow depth. An ice layer uan easily be taken for the previous 
eummer'e crust and the measurement would be worthless. To over- 
come thie difflmlty it ie generally poseible to make a enow depth 
ineaeurefnent to a plate previouely placed on the summer eurface. 
The stake form will give information whether a plate is present 
or  not. 

Variations in snow deneity already mentioned in eection - b above will aleo 

apply to the snow cover in the firn area and consequently the snow dentiy muet be 

determined several times during the summer so that the water equivalent of the 

enow pack can be calculated. 

d) Special etake chains or wires ineerted in a hot point drill hole: 

As mentioned previouely, in areas of great ablation etakee may be replaced 

by a etake chain (or a wire) frozen vertically in the ice in a very deep hole made by 

a hot point drill. These stake chains or  wires will not be visible until the snow ha8 



disappeared and readings will give informatian of - ice ablation only. Reading a etakg 

c h i n  or a wire is  basically identical to read@ a normal stake. The length of the 

stake chain or wire &om its free end to the ice eurhce correspond8 to the normal 

distance from the top of the stake to the ice eurhce. The only difference i s  that a 

considerably higher number may appear in the stake form if the stake chain or wire is 

several metres long. 

To locate a stake chain or a wire on the glacier surface, it is  advisable to 

drill in a normal stake and mark it with a flag. 

3. Completing stake forms . . 

TO calculate variations of ablation throughout the melting season special stake 

forms have been constructed so that they account for all possible conditions. The form 

looks formidible and it might be difficult to complete it properly, but the following rules 

should be used as  a guide: 

a) Fill in all details requested a t  the top of the form. One form to be used for 

each stake. If duplicate stakes or replacement stakes a r e  used, measurements must 

be recorded on separate forms. 

b) Column 1 shows the date of the readings. 

C) Column 2 shows the time difference between two observations and gives 

number of days between each reading. 

d) Column 3 and 4 show the visible length of the stake. If ice is  exposed, 

only column 4 is filled in; if the spot is still snow covered only column 3 should be 

used. 

e) Columns 5-8 are  to record snow depths at  stakes which still have some . 

of the last winter's snow present. Consequently, if the stake length was placed in 

column 4 (19ee @ above) nothing should be put in columns 5-8 a s  no snow exists at  

the location. 





~f the enow depth ie actually sounded (see deecription of stake rea- 

in eection @) , the mean value of the thrm soundings ehould be put in column 5. 

mom howledge of the enow deneity (obhfned by pit Btudie8 a t  tbe etake o r  in the 

came part of tbe glacier) the water equivalent of the snow cover cnn be calculated and 

figure placed in column 6. Columns 7 and 8 are used only when eoundinge were not 

taken and the enow depth calculated from the stake reading alone. This might occur 

when time ie very ehort or when a snow sounding stick ie not available so that only 

stake readings can be made. The U8e of columns 7 and 8 should therefore be reetricted 

ae far as  possible. 

f) Column 9 is  used for incidental notations, for example for a check of 

totale of figure8 shown in columns 3 and 5. This sum should be a constant but if 

great variations occur it is  necessary to investigate more closely conditions at  the 

stake to determine whether the depth to the summer surface has been miscalculated 

or the stake has sunk. 

g) Columns 10-14 a re  used for calculations and should not contain any 

obeerved figures. The thickness of superimposed ice found by variations in stake 

length above the ice surface should be put in column 10 and its water equivalent placed 

in column 11 (aesume a density of 0.8). Superimposed ice is regarded a s  accumulation, 

and this figure should be marked a s  positive. 

The variation in water equivalent of the snow pack between two readngs 

(compare column 6,or in extreme cases column 8) should be placed in column 12. 

Strictly, this will normally be a negative figure as  snow dieappears during the melting 

season but any additional snowfall in the summer should be considered positive. 

The actual melting of glacier ice is  recorded in column 13. This figure will 

always be negative. The difference in stake reading between the laet two observation 

occasions should be noted, and the water equivalent calculated and placed in column 

14 (assuming a density of 0 .9) .  



h) Column 15 showe the total ablation between the previoue two readinge. - 
The figure in this column will be the algebraic sum of figuree ehown in colurnne 

11, 12 and 14. For practical reasons however, it can be ehown without any prefix. - 
i) The cumulative value of figures in column 15 should be noted in column 

17. ~ f ,  however, i t  appears tbat accumulation hae occurred (generally eummer enow 

fall) between the two readings, column 16 will be used. 

Column 18 shows the present situation at the stake, starting with the amount 

of accumulation a s  observed in the spring (being a positive value). During the melt 

season this value will diminish according to figures shown in column 17. At the end 

of the season the figures in column 18 might be very small or  even negative (on the 

lower part of the g1acier)if figures in column 17 exceed the origlnal accumulation 

(i. e. all winter snow cover and some of the ice has melted). At the end of the 

season there will always be negative figures in column 18 where the glacier ice proper 

i s  exposed. At the equilibrium line, however, the final figure will be zero, indicating 

zero net accumulation and zero net ablation. 

4. Pit studies a t  the end of ablation season 

The total ablation must be determined at the end of the ablation season. On 

the glacier tongue this i s  easily determined from stakes where the entire winter 

accumulation has disappeared and glacier ice exposed. In the upper part of a glacier, 

normally, only a part of the wintert s snow will disappear and it will be necessary to 

determine the water equivalent of the remaining snow. Depth soundings may be 

difficult if the boundary between the..winter s snow cover and previous year s firn 

has been obliterated or obscured during the summer. However, recognition of the 

summer surface can probably be made in pits, and this work will be greatly facilitated 

if layers of sawdust, dye o r  other materials were placed at the bottom of a pit in 

the spring. If stakes in the firn area a r e  inserted so that the lower end rests  on the 



previous year1 s summer surface, the thickness of the remaining snow can be 

rea&ly observed, even when snow depth soundings are impoesible to obtain.  he 

density of the remaining snow cover, however, must be observed in pits redug a t  

locations where the summer surface has been marked. The technique of measuring 

snow density has been described in the chapter on accumulation measurements. 

PLOTTING AND CONTOURING 

~ o s t  of the data £rom glaciological mass balance studies a r e  processed 

graphically and some of the basic methods should be mentioned briefly in this 

manual. It is desirable that most of the preliminary data processing is done in the 

field, in order to obtain the final results a s  quickly as  possible, so they can be 

readily pub1 ished. 

1. General 

All accumulation and ablation measurements a s  well a s  some meteorological 

results (see below) should be plotted on a large scale map of the glacier. A scale 

of 1:10,000 with 10 metre contour intervals has been recommended. Such maps will 

normally be required for field use and a sufficient number of copies must therefore 

be supplied before the field work starts.  

For the accumulation map the positions of the main stakes should be marked 

together with all sounding profiles showing the location of all snow depth soundings, 

which a r e  given in actual snow depths and their water equivalents. Isolines should 

then be sketched to divide the glacier into areas of selected accumulation intervals. 

Example: Isolines oould be drawn between areas  that have accumulations of 100 cm, 

150 cm, 200 cm etc. of water equivalent. The interval between the isolines must be 

selected for each particular glacier a s  it might be necessary to decrease o r  increase 

the intervals if the accumulation is unusually small or  large. An example of a 
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Broken lines indlcate 75. 125 and 175 cm 
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0 (approx.) 1 km I 

Example of a completed accumulation map based upon a large number of 
snow depth measurements. The sanding profiles are, however, not 
shown on this map. 



completed accumulation map is  shown among the illustrations. 

Similarly an ablation map should be constructed. The ablation is more closely 

related to elevation and isolines will in many places almost follow contour lines on the 

map, although exceptions might result from shadow effects of mountains etc. 

2. Ambiguities 

When isolines a re  constructed it may be necessary to decide between two or 

more different possibilities, and the resulting map will for most alternatives give 

almost the same result for total accumulation or  ablation. But for some choices the 

difference can be considerable and an example is  shown among the illustrations. 

(Compare also an interesting paper by Dodd et al.  , 1965). If an ambiguous situation 

is  discovered before the crew leaves the glacier a sufficient number of additional 

readings must be taken in the doubtful area. For this reason it i s  absolutely necessary 

to plot results immediately in the field. 

A contoured map can be used to calculate the total accumulation or total 

ablation, respectively, using a planimeter in the manner described in recent reports 

on mass balance studies (Gstrem, 1966). This work will normally be done in the 

office after the field season. 

3. Use of colours on manuscript maps 

Contour lines will normally be drawn on base maps to show areas of equal 

accumulation, ablation, etc. Practice has shown, however, that such maps a r e  improved 

oonsiderably by use of colours. Coloured maps will serve a s  a base for further 

calculations (such a s  area measurements by planimeter) and for drafting purposes. 

They will generally not be directly reproduced, but a re  considered a s  manuscript 

maps. 

A standardized and consistent use of colours will facilitate future work on 

the manuscript maps, and therefore the following system should be used whenever 



EXAMPLES OF DRAWING ISOLINES ON ACCUMULATION MAPS 

BASIC DATA 

(Map arction taken 

from N.W. portion of 

h y t o  Glocirr, Nou. 26/65) 

Scalr 

. . o ~n I 
a Krn 

of water equivalant) 

ALTERNATIVE No. l ALTERNATIVE No. 2 



0  - 50 cm water equivalent : 
51 - 100 " I' 

I! 

101 - 150 " " 
I I 

151 - 200 " " I 1  

201 -250  " " I 1  

251 - 300 " " 
11 

301 -350  " " 
I t  

351 - 400 " " 
11 

401 -450  " " 11 

yellow 
light red or pink 
light green 
light blue 
orange 
grey o r  brown . 

damk red 
dark green 
dark blue 

METEOROLOGICAL OBSERVATIONS 

1. General . . 

In order to correlate ablation and run-off with meteorological conditions 

field crews will take daily weather observations. The observations consist of a few 

relatively simple readings which should be made a t  - all glaciers. In addition, some 

more advanced observations might be added when detailed studies a r e  desired. Only 

the basic observation program is dealt with in this manual. 

The time of observation have been chosen so  that it will not hinder glaciolo- 

gical and hydrological field work, i. e. observations should be made early in the 

morning and in the evening. However, to obtain data that areG comparable with data 

collected at permanent meteorological stations , it is desirable that the observation 

time i s  simultaneous and the field crew should take the observations a t  the same 

time a s  the DOT weather stations in the area. 

The basic observations consist of: air temperature, humidity, cloud cover, 

precipitation, wind direction and wind speed (estimated). Air temperature has a 

great influence on ablation so  all temperature observations must be made a s  accurate 

as  possible. To obtain a reliable figure for daily mean temperatures a thermo- 

hydrograph is  to be installed in a Stevenson screen near the base camp. A second 

Stevenson screen will be placed on certain glaciers near equilibrium line o r  in the 

firn area. 



2. Air temperature measurements 

The thermohygrograph should be plaoed in the Stevemon ecreen immediately 

after the crew's  arrival at the base camp. Charts a r e  normally changed each Monday 

morning when the clock i s  wound and the pen filled with recording ink. The thermo- 

hygrograph registration is checked every morning and evening by simultaneous 

observation of the pen and the standard mercury thermometer placed in the screen. 

These two flguree a r e  noted on a form. Furthermore, a check of the clock is made by 

maldng a "time mark" every morning. Discrepancies between the time mark and the 

correct time a r e  used when the chart i s  processed (see below). The calibration screw 

on the instrument could be used to adjust the instrument to a s  correct a temperature 

a s  possible a t  the beginning of the season but the adjusting screw should then not be - 
touched during the season. 

3. Cloud cover 

To estimate the amount of incoming and outgoing radiation it i s  valuable to 

know the total amount of cloud cover (expressed in tenths). The daily mean cloud 

cover should be estimated for each day and i f  the cloud cover changes considerably 

during the day this should be mentioned on the form, and also whether the clouds 

a r e  low, medium or high altitude. It i s ,  however, not expected that the observer 

should have a complete knowledge of different kinds of clouds, but in Lase he has 

such knowledge a sufficient space is available for notation on the meteorological forms. 

4. Precipitation 

Precipitation is  collected in a simple rain gauge (type Pluvius)* placed on the 

ground anchored to a rock. The rain gauge i s  reliable for observation of liquid 

precipitation and probably for wet snow a s  well. Snow must be melted before the 

measurements a r e  made. Dry snow will generally be moved by wind and readings 

will not be reliable. Most of the precipitation, however, will probably be in the form 

* ~ a n u f a c t u r e d  by ~ ~ s t r e m s  ~ l ~ c k k h l s  -fabr ik, ~ o r s & l l a ,  Sweden, for less 
than $2.00 each. 



of rain so it is anticipated that the observed values will be reliable. One single rain 

m y  not gin, reprewntative results so a number of rain gauges must be p l acd  

in the catchment area and observations of the collected rain made by visits at  

suitable inbrvale. Daily precipitation observations will normally be made only at  the 

camp or in its vicinity, but precipitation for several days might be collected in more 

distant It is advisable, however, to visit all rain gauges a s  regularly a s  possible 

to facilitate calculations connected with comparisons between the run-off, ablation, 

and precipitation. Ideally, all rain gauges (and all stakes on the glacier) should be 

read at  5 day intervals. (If heavy precipitation has occurred, the rain gauge might 

overflow and intermediate readings are  necessary). The total amount of rain water 

must be calculated for the whole catchment area by plotting all single gauge 

observations on a map. Assuming each gauge i s  representing a certain area ,  the 

total amount of water can be found graphically. The result is  to be listed. 

5. Wind direction and speed 

aservat ion of wind direction should be made every morning and evening, 

most easily in connection with the temperature readings in the screen. The 

direction from which the wind travels is  noted a s  well as  the estimated speed in - 
m/sec. To facilitate this estimation a feather or a small piece of paper could be 

allowed to travel a known distance in the wind and its speed calculated roughly. 

6. Field processing of meteorological data 

Meteorological observations must be summarized for each week, and the 

field crew will process all temperature charts and calculate daily mean temperatures 

as well as  number of positive degree days. It i s  also desirable that the total amount 

of rain water is calculated as indicated in previous section, but the temperature 

summaries are the most important and must have priority. 

* During cold periods it is necessary to use glycerin or antifreeze to prevent 
freezing of collected rainwater in the gauge. A lmown amount (corresponding to a 
few mm of rain) should be placed in the gauge, and corrections in readings made .. A 



As soon a s  a chart is completed and taken off the thermohydrograph the 

a i r  temperature for each hour is read from the chart (corrected for er rore  in 

the clock mechanism and for temperature discrepancies, a s  found by the two 

daily comparisons with the mercury thermometer). A special form h e  been developed 

for this work. When the form is completed the daily mean temperatures should be 

calculated and the chart attached to the form and filed. At the end of the eeason both 

the form and the chart must be returned to Ottawa for further proceseing. 

 he number of positive degree day8 is calculated at3 follows: All the figures 

for positive temperatures i s  noted for each hour and totalled (negative temperatures 
. . 

omitted); the Bum divided by 24 to give the number of "positive degree daysM for 

that day. Such calculations must be made for each day throughout the summer. The 

resulting figure will coincide with the daily mean temperature if the a i r  temperatures 

a r e  above O°C. 

WATER DISCHARGE MEASUREMENTS 

1. General 

Water discharge and suspended load must be measured for the melt water 

s tream a t  all  glaciers in order to substantiate ablation calculations for each glacier. 

The discharge will mainly be the sum of ablation and summer rainfall. The silt 

content measurements can be used to estimate the amount of material eroded 

beneath the glaciers for different conditions. See further next chapter. 

Discharge calculations a r e  based upon water level readings on a vertical 

gauge o r  data from an automatic water level recorder. The relation between the level 

of water a t  a site and actual discharge (expressed in m3/sec) must be determined 

by numerous direct measurements of the river flow for different gauge readings to 

obtain a graph of levels vs. discharge, the rating curve, for each measuring site. 



Direct measurements of water diecharge can be obtained in many ways. 

mr streams with ftlaminar flowft a standard current meter can b e  used to measure 

water velocity, but this method is difficult to use in glacier s t reams becauae they 

a r e  h i m y  turbulent. Turbulent s treams a t n  be measured using colourimetric 

methods but this is not recommended if the silt  content is high. It i s  preferable to 

use a method which i s  independent of the si l t  content in the water,  such a s  the ttsalt  

methodf'. ~n this method (or in a similar method using soluble radioactive compounds), 

an agent is poured in the river in one point and a t  another point downstream the dilution 

will be a measure of the water discharge. 

All direct discharge measurements a r e  difficult to perform without training 

and specialized equipment. Therefore the methods will not be described in detail 

in this manual. For a closer description, see  g s t r e m  1964. 

As soon a s  a rating curve has been established all  future gauge readings can 

be easily transformed to discharge figures. However, if the r iver  cross  section changes 

or the gauge sinks it i s  obvious that a previously obtained rating curve will no longer 

be valid and a new series  of direct discharge measurements will be necessary to 

establish a new rating curve. It i s  therefore important that the crew observe 

conditions in the river and check the position of the gauge several times during the 

summer. 

2. Stream gauges 

A gauge i s  a vertical rod marked in metres and centimetres and placed so  that 

the height of the water level can be measured on it. The gauge should be placed a t  a 

location in the river where the water i s  a s  tranquil a s  possible. A pool in bedrock 

may be the best site to erect a gauge and the gauge must be located s o  that both a 

small discharge and a very large discharge can be measured directly. In some stream@, 

however, it may be necessary to use one gauge for very high levels and another gauge 



The relation between water level a s  measured on the gauge and the 
water discharge in the river i s  called the ratin curve. This 
jllustration shows the rating curve for Place * Creek ased upon a 
number of discharge measurements made in August 1965 (black dots). 
It is necessary to measure the discharge a t  high, intermediate and 
low water levels within the expecled range at the measuring site. 
Emphasis should be put on discharge measurements a t  high water 
levels a s  small e r r o r s  in the upper part of the curve could cause 
great e r r o r s  in discharge figures. This kind of graph could also 
be plotted on logarithmic graph paper. The graph would then 
commonly show a straight line, but due to local topography this i s  
not always the case. 
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for the lower water levels, but it must be enmred that one and the same water level 

in the pool is  always reported ae a reading on the lower gauge. The zero point (the 

lower end of the gauge) should be levelled relative to three fixed points on bedrock 

near the measuring site to ensure that if the @luge ie deetroyed a new gauge can be 

installed to give identical readings. The reason for using three fixed points in bedrock 

is  a security measure if any of the points should be deetroyed or become inaccessible. 

h the fall or when the water discharge is very low it is  necessary to determine 

a reading on the gauge that corresponds to zero water discharge (i. e. generally the 

height of the threshold in the pool). This reading gives important information for 

construction of the rating curve. 

3. Number of readings 

Water discharge in glacier streams is normally subject to great daily 

variation so to obtain accurate information about the total discharge numerous 

readings must be taken throughout the day and night. However , for streams without 

an automatic gauge the crew may not have sufficient time to make the necessary 

measurements at all times. This difficulty can be partly overcome if frequent gauge 

observations a re  taken for a number of days and the variations in discharge during 

these days are  considered representative for other days when few readings can be 

made. From experience obtained during the summer it will probably be possible 

to draw curves showing water level variations in the river based upon readings taken 

only three or four times a day. Two readings must be made in the morning (one as  

early as  possible, another before departure for field work) and two readings in the 

afiernoon or evening (one immediately after return from field work and another a s  

late as possible). If the crew is not out for a full day's field work or weather prevents 

outside activities, additional readings should be made during the day. 



Shortly after heavy rainfialls or during periods of very high temperaturea 

a river will not follow the normal pattern 80 frequent observations become essential. 

under special circumstances when extremely high discharge ie expected the gauge 

must be observed every half hour. 

4. 24 hour periods 

To obtain information about the normal diurnal variations in water level and 

to construct a curve showing these variations it is  necessary to obtain readinga 

throughout a 24 hour period and assume that they a re  llnormallt. The curve can then 

be used a s  a standard to obtain daily variations estimated from three or four daily 

readings. The crew must therefore decide when "normalf1 conditions exist and 

select a period of 24 (or 36) hours and record the water level every hour and take 

water samples (see below). At least two or three periods must be selected during 

the summer. Ideally, the period should include times of low water discharge and high 

water discharge. 

Furthermore, when it is obvious that an extremely high water discharge is  

expected it is necessary to make additional periods of similar measurements. They 

might be longer or shorter than 24 hours depending upon the discharge pattern. Any 

series of observations should always be combined with silt sampling for the amount 

of silt will vary according to the type of discharge. Under extreme conditions the 

readings and the water samples may be taken at shorter interval and if the river tends 

to rise to an extraordinary peak, all efforts must be concentrated on taking frequent 

readings and water samples. Periods of rising water level are  more important for 

silt sampling than periods of constant or falling level. 

5. Preliminary processing of results 

To obtain discharge figures, all gauge readings must be plotted initially on 

, . millimeter graph paper using the vertical axis for gauge readings. When time is 



plotted on the horizontal axis, one day might be represented by 12 centimetree, 

80 that 2 (or 4) days can be portrayed on one paper sheet. For periods of small 

yariations in discharge shorter units could be  used on the x-axis. 

Using the "standard" variations obtained from a 24 hour se r ies ,  a curve can 

be estimated to show the daily variations in water level. It is  advisable to construct 

this curve a s  soon as  possible and the results should be plotted a t  least every week. 

Forms for notations of water level etc. have been developed and the daily notations 

must be transferred to these forms. All data connected with river observations must 

be kept in a separate binder. 

6. Calculation of water volume 

Calculations of the water volume discharged in a given time interval can only 

be calculated if a rating curve has been established. From the estimated curves that 

show water levels at  the gauge it will be possible to calculate the water discharge for 

any given time. For rapid variations within short time intervals (compare charts 

from a thermograph) it may be necessary to calculate the discharged water volume 

for each hour or  even shorter intervals. Experience has shown that a 6 hour period 

will generally be sufficient. 

The volume of water discharge should be calculated for the following 6 hour 

periods: 0000-0600, 0600-1200, 1200-1800 and 1800-2400 (midnight). The greatest 

discharge will probably occur in the last two periods and special attention should 

therefore be given to possible variations within them (see above concerning number of 

gauge readings). Results of these calculations must be recorded on summary forms 

(sample forms a re  included in the appendix). It is  anticipated that rating curves will 

be established during the latter part of the summer 1966 for most glacier streams 

and it must be expected that calculations of water volume for periods earlier in the 

summer must be done towards the end of the season. 



MEASUREMENTS OF SUSPENDED MATERIAL 

1. General 

Glacier streams carry a great load of silt ,  sand, gravel and boulders that 

result from glacier erosion. To obtain information about this erosion it is necessary 

to take samples of the river water, analyze it for its content of suspended material 

and calculate the total transport. The bottom transport of fragments including boulders 

is difficult to observe and until methods for their determination have been developed it 

will be necessary to estimate the size of this tramport. The amount of fine material 

euspended in water is easier to determine and the total amount transported daily can 

be calculated from lmown water discharge and analysis of silt samples. The results 

of these investigations will give not only valuable information for a study of glacier 

erosion under different conditions but also indicate possible rates of sedimentation 

that can be expected in reservoirs and lakes along rivers that drain from glaciers. 

2. Location of sampling site 

Water samples should be taken a s  close to the glacier as possible but below 

any confluence of melt water channels that originate from the glacier. Sampling site 

should be selected anywhere the water is  turbulent so that the sample can be regarded 

as  representative for the total water volume discharge past the site at the time of 

sampling. This means generally that. the sample should be taken just below a small 

waterfall or in a section of extremely turbulent water. 

3. Sampling method 

Numerous water samplers have been designed but most of them are  developed 

for use in streams of laminar flow and a re  not suitable for highly turbulent streams. 

Experience has shown that a eimple method - a bottle is lowered into the turbulent 

water and raised immediately after filling - is probably a s  good a s  using any 



complicated water sampler. It ie important that the bottle ie raieed immediately 

d r  it has been filled with the river water, otherwise additional silt will enter the 

bottle (~ ju ls t r8m,  1935, p. 386). The size of each sample should be 1 litre, but most 

bottles readily available a re  not calibrated to this volume when completely filled so 

it is necessary to measure the exact volume of the sample bottle. The volume of the 

water sample must be noted on the form where all silt sample data a r e  collected. 

4. Mitering 

The bottle and contents must be carried back to camp or  to a suitable place 

where no additional material can blow into the sample or filtrating equipment. A tent 

without a floor could be erected near the river for this purpose. A filtrating stand 

can be made by drilling holes in wooden planks. All water in the bottle should be poured 

into the funnel and . passed through a filter paper that collects all suspended material. 

The filtered water (leaving the funnels after passing the filter paper) is  normally not 

collected unless it is  not clear. Then it has to be refiltered through a denser filter 

For all normal water samples a quick filtrating paper (Munktell No. 00) 

must be used. If very fine kactions a r e  present a denser paperwo. OA) is  necessary, 

but as this paper is  slower filtering it should be used only in exceptional cases. 

The bottle generally contains more water than can be placed directly in the 

funnel. It is therefore necessary to pour water in the funnel in small amounts with 

a result that for a sample the complete process might take one half to one hour 

depending upon the amount of silt. A sample with much silt may take even longer due 

to sealing effects of the silt on the upper su rhce  of the paper. 

After filtering (ensure that all silt which might have settled in the bottle is  - 
poured out) the paper is  left to dry in a i r  and it is  then wrapped and placed in a small 

plastic bag within an envelope marked with the sample number and other pertinent data. 



m y  one filter paper must be placed in each envelope but all  envelopee k o m  me 

day's sampling could be collected and transferred to a larger plaetic bag. 

At the end of the season all silt  samples must be packed together with the 

list giving all  details (sample number, water volume, date, etc. , see special form 

in appendix) and taken to Ottawa for laboratory analysis. The samples must not be - 
sent by mail o r  keight but brought personally by a member of the crew a s  his hand 

5. Numbering of samples 

Samples should be numbered consecutively during the whole season. A record 

must be kept showing when the different samples were taken (time and date), the size 

of the sample (compare previous section) a s  well a s  information about unusual conditions 

at the time of eampling. Samples taken during the 24 hour periods could be regarded - 
a s  a distinct set  to separate them from ordinary daily samples, but to avoid any confusion 

it is strongly recommended that all samples be keptin strict consecutive order. 

SURVEYING - HINTS FOR FIELD CREW 

1. General 

Glacier maps a r e  being constructed for all the investigated areas  a s  a base 

for plotting results ,  indicating stake locations and other data. For initial studies 

the provisional maps were enlargements of existing small scale topographic maps, but 

it  i s  planned to replace them with more accurate maps constructed from a i r  photographs. 

Where a i r  photographs have not been taken it will be necessary to survey the glacier 

by conventional methods, but this will not be a task of a field party based a t  the glacier. 

However, it is desirable for crew members to become familiar with the area to help 

in surveys carried out by a visiting party. Vantage points overlooking large parts of 

a glacier should be marked in a manner s o  that they can be identified on vertical 



pb topaphe .  F'urthermore, if photography is expected during the same summer an 

additional number of key positions on the glacier should be marked (see below). 

2. Selecting fixed points 

Points on bedrock or  on stable ground overlooking large parts  of a glacier 

and a number of other points should be selected. Access to these fixed points should 

not be too difficult but in special cases it will be necessary to locate a fixed point on 

a mountain peak. If mew members visit such a point they should build a cairn on the 

f irs t  possible occasion and mark it  with a flag maunted on a vertical pole (aluminum 

poles for this purpose will be available a t  the camp). If the mountain peak i s  very 

steep and undoubtedly the highest point within an a rea  of several hundred metres 

radius, it is not necessary to mark this point further with cairn o r  flag. For all 

other points, however, i t  is necessary to mark them s o  that they will be  clearly 

visible on a i r  photographs (see below) and can be easily identified and used for ground 

triangulation. 

3. mark in^ fixed points 

Pieces of white cloth one yard in width and a t  least 5 yards in length should - 
be placed in an L with the inner corner of the L a t  the selected point. White paint i s  

better than cloth, and it could be applied in a similar pattern on the ground. If bedrock 

i s  not exposed it i s  acceptable to move boulders into some suitable pattern. Note 

however, that when the painted area i s  seen from above it should form a continuous 

white surface. Approximately 2 quarts of white paint a r e  required to make one such 

mark. * In places where space does not allow an L to be marked on the ground another 

pattern might be used such a s  a triangle o r  a square. Note however, that in the a i r  

photographs a painted mark can easily be mistaken for a natural spot so  any shape 

F ~ h e n  the ground is painted for aerial photography it i s  advisable also to 
paint the top of the cairn so that it can be more easily recognized. 



selected e M d  - not be  ~aturnl. (The L ehaped mark deecribed above ie probably the 

least natural ehape) . 

4. Marking points on the glacier 

It would be  of great value if the main stakes o r  a t  least the moet important 

a r e  marked so  that their position can be directly recognized and plotted from air  

Pr ior  to a i r  photograph the following procedures should make stakes 

visible on the photographs: 

a) On the glacier ice: 

Stakes on the glacier ice will normally not be visible on the a i r  photographs 

unless taken from a low altitude. Large flags however, might be visible on photographs 

and therefore it  is recommended that large pieces of cloth be attached to each main 

stake. If the glacier is  very dirty a white flag should be used; if the glacier ice is  

comparatively clean a dark colour should be used. Either the flag itself or  its shadow 

(or both) might then be recognized on the photographs. 

To facilitate recognition of stakes their locations might be indicated by two 

rows of boulders placed a t  the glacier ice radiating in straight lines out from the 

stake. The directions should be chosen s o  that they do not coincide with the natural 

ice pattern (cracks, crevasses,  bluebands, surface s t reams,  etc. ). 

Due to surface melt i t  will be difficult to keep all  the rocks in the right 

position for a long time and adjustments must be  made frequently. It is  therefore 

advisable not to t ry  and mark too many stakes in the ablation area. It i s  better 

to mark one or  two and keep the marking6 in good shape throughout the summer. 

b) In the accumulation area: 

Locations of stakes in the firn area  a r e  marked by powdered dye or lampblack 

distributed on the snow surface in a circle around the stake. A circle i s  established 



by m - ~  of a 10-metre rope attached to t b  stake. Tlm dye powder ie sprinkled in 

the circle making a very thin layer approximately 1 m broad. Two to three pounds 

of lampblack or about 5 pounds of powdered dye will be sufficient to make a complete 

ring, ~f time is short or only limited amounts of dye a r e  available a half circle may 

be sufficient. 

mring the summer dye will increase the enow melt but it will still be clearly 

visible from above except when it is covered by new snow. The rings must therefore 

be inspected and reinforced during the summer and kept visible until it is certain that 

air photograph8 have been taken. No dye should be sprinkled near the stake a s  this 

will disturb the normal rate of ablation a t  t b  etake. 

Supplementary ground control 

A s  a horizontal check for the scale in the map construction at  least two 

distances between outstanding points ehould be meaeured with a tape. The distance can 

be measured between two stakes that a r e  marked with dye in the firn area ,  or between 

two points near the glacier tongue. (Large, eingle rocks on the glacier, a hut or 

similar outstanding features on the ground might be uaed) . The horizontal distance, 

at least 200 m ,  should be measured ae accurately ae possible and all information about 

the selected points and the results of the measured distance should be recorded. 

ERECTING AN A-FRAME HUT 

1. General 

At glaciers where a series of long-term observatione is anticipated, small 

semi-permanent buildings will be erected. These buildings will be of two types: 

1) houses for accommodation 

2) garages, or buildings for storage etc. 



~ o u e e s  for accommodation, normally ineulated buildings made from 

preEabricated material,  a r e  not deecribed in thie manual. The aecond type of bullding0 

will normally be  erected in the field by the crew and eome hinte may help in conetruction. 

The house i s  a s  simple a s  poseible to make i t  eaey for unskilled personnel to erect the 

building. The original design i s  by Mr. ~ibj:rn K a r l h  who built eimilar houees with 

and without insulation. The uninsulated type will be sufficient for storage and this hut 

i s  described below. 

2. Basic construction 

In principle the house i s  a simple A-shaped building with no side walls, only 

two triangular end walls and a large roof. The end walls, the roof and the floor consist 

of a single layer of wooden planks (approximately 11' thick and 4"-6" wide; fairly rough 

wood can be used for walls and roof). The basic construction consists of 2" x 4" joists 

and rafters  which a r e  nailed together in a triangle. The roof and the floor a r e  then 

nailed directly on this construction. The floor i s  nailed on the inside, the roof and 

end walls on the outside of the basic framework. 

3. Foundation 

A plane surface i s  necessary to support a foundation of 4" x 4" lumber. At 

least 2 pieces of 4" x 4" beams should be used a s  foundation but 3 or  4 pieces a r e  

recommended a s  they will give better support to the floor joists, especially if a 

heavy load i s  expected (a skidoo or  other heavy equipment). 

The foundation should be placed a t  a site that is usually snow-free during 

the winter. Otherwise the building might be partly or completely covered by snow for 

long periods and the use of it hindered. The 411 x 4" lumber should be placed parallel 

to each other and levelled a t  the spot selected for the house. The floor joists joined 

to the roof raf ters  (thus forming a wooden triangle, see sketch), should then be raised 

vertically, resting on the foundation at right angles. 



A -  FRAME HUT 
FRAMEWORK 

Foundation 
beam 
4". 4" 



4. The framework 

The 2" x 4" framework i s  joined together ae  follows: One floor joist i s  placed 

horizontally on the ground. Two roof raftere a r e  a180 placed horizontally s o  that they 

form a triangle together with the noor joiets. Corners of the rafters a r e  cut so that 

they can easily be nailed to the floor joists a t  their lower ends and nailed together a t  

their other (upper) ends. The lengths of the rafters  should be equal to t k  length of 

the floor joists thus forming a triangle with 60' angles. If a lower house i s  desired 

due to unusual wind conditions, the raf ters  must be shorter. A higher house can also 

be made but this is not recommended. 

When the first  triangle has been completed, the r e s t  of the kamework is  

made by placing pieces of lumber for the next set  on top of the first  constructed 

triangle and cutting the pieces to the same size . It is advisable to nail together the 

pieces of each triangle immediately. Five complete triangles should be made for an 

A-frame hut of normal size. However, if wood is  scarce only three triangles could 

be sufficient, but the floor will be  extremely weak and two extra floor joists would 

be necessary. Three roof raf ters  however, will normally be sufficient to carry 

the roof, but five rafters  a r e  recommended a s  they give a stronger construction. 

Two of the completed triangles a r e  selected to carry the end walls. Vertical 

supports for window and door should then be nailed in proper location in these 

triangles. Pieces of 2" x 4" lumber can be used for this support, but if lumber is 

scarce pieces of 2" x 2" can be  used. The space between these supports will be 

determined from the width of the window and the door, respectively. Furthermore, 

for the window two horizontal supports will be necessary. These horizontal supports 

should be placed a s  high a s  possible; the distance between them determined by the 

size of the window. The upper end of the door entrance will need a horizontal beam. 

All these pieces of wood should be nailed to the triangular frames before they a r e  

raised on the foundation. 
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When the framework i s  erected it is advisable to s tar t  with the two end wall 

triangles and distribute the three remaining triangles with equal ditances between 

them. The triangles a r e  then fixed to the foundation by nailing the floor joiete to 

the 4" x 4" beams. Two long planks ehould immediately be placed in an "X1I and 

attached to the roof raf ters  a s  a preliminary support. Furthermore if it i s  a windy 

&y, the rafters  should be supported by a rope a t  either end a s  the assembled frame- 

work i s  very unstable until the roof has been completed. 

5. ~ o o f  and end walls 

The roof consists of planks of rough lumber preferably pre-cut to the same 

length as the distance .between the end walls or  1' -2 longer. In the latter case the 

house will have a better appearance and the vertical end walls will be better protected. 

Roof planks should be nailed to ail  five rafters starting from the bottom. If 

the planks a r e  pre-cut to equal length the complete roof can be laid in a couple of 

hours . 
There will probably be a small discrepancy in height between the top of the 

rafters  and the last (upper) horizontal plank on both sides of the roof. As it  i s  

difficult to split a wooden plank to  desired width in the field it is  recommended to: 

1) either adjust the distance between the last planks laid on the upper part 

of the roof s o  that the edge of the top plank will just run along the top of the rafters.  

The small distance made between the upper planks will not make the construction 

significantly weaker a s  a base for the roofing paper. 

2) o r  cut the upper part  of the steep edge on the rafters and place a 1" x 1" 

rod along the edge. The roof will then obtain a somewhat rounded surface along its 

highest c r e s t ,  which might be better than a sharp edge. 

The side walls a r e  made in a similar manner a s  the roof, but each plank 

must be cut a t  a 60' angle to make a good join with the roof. Sufficient space must 



From erection of the A-frame house at Woolsey Glacier 1965 
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the situation when the roof is being attached. Note that the 
roof will be extending one foot outside the end walla on either 
side, 

e dwkded b E,VB aa inner r o ~ f  md tbis 
she rshrs  before W outer roof i s  

. A aiagd.bw layer of hsulaUXMI 



be provided for door and window. It i s  recommended that the end walls be covered 

with heavy roofing paper, and the walls can therefore be made of fairly rough lumber. 

g is advisable to pre-cut planks for the end walls to save transportation costs and 

save time when the house i s  erected. Note, however, that every piece must be 

numbered properly. 

6. The floor 

The best floor is  made of 1" to 1 1/2" planks with tongue and groove to ensure 

a draft-bee floor surface and to allow the planks to support each other when a heavy 

load is applied. Even these planks could be pre-cut to equal length but due to the 

framework construction it will be necessary to adjust the lengths of some of them so they 

fit properly inside the house. Some hints for construction details (note especially the 

corners where roof and floor meet) a r e  shown among the illustrations. 

7. Door and window 

As the house is  primarily made a s  a shelter for supplies or a s  a garage for 

a skidoo it i s  not expected that it should be completely air-tight. Therefore it i s  not 

necessary to make a complicated door construction. The easiest way to make a door 

is to use a sheet of heavy plywood or  a number of planks which a r e  nailed together. 

The size of the door must fit the opening made in the vertical front wall and it should 

be mounted by three hinges. Two ordinary hooks can be used to close the door, one 

on each side. If the door is made of plywood it i s  important to paint it properly to 

avoid damage caused by moisture. 

The window can be any kind of wooden frame window which is squeezed into 

the opening provided for in the other end wall. To obtain a tight connection between 

the window and frame use a caulking compound, or sheets of aluminum cut in 

suitable strips. 
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8, Outside cover, paint, etc. 

To waterproof a hut the roof - and the end walls must be covered with roofing 

paper and only the best quality should be selected. This is  heavier than other kinds 

but it will last for several years if applied properly. 

To cover the roof start at  the lower edge and nail a horizontal str ip to the 

roof or to the foundation. The following str ip should overlap the lower strip and if 

possible be glued - and nailed to the previous. To prevent the roofing paper being torn 

off by high winds on either end of the roof, nail a plank along the edge of the roof after 

the rdf ing paper has been laid and trimmed. To strengthen the edge along the top of 

the roof apply a strip of aluminum o r  galvanized steel on the roofing paper. 

End walls should be covered by roofing paper in a manner similar to the roof 

but it i s  not necessary to cover the door if it i s  thoroughly painted. 

Befcire painting the wood that i s  not covered by roofing paper it is recommended 

to apply 1" x 1" (either square or  quarter round) flashing material along all outside 

and inside corners. This will prevent snow from drifting into the hut during the winter 

and also decrease the draft. 

9. Guy wires 

The house must be anchored to the ground with wire cables or guy lines. 

Ideally, the cables a re  fastened to steel bolts-drilled into bedrock near the corners of 

the house. However, if it i s  impossible to drill holes, or the ground consists of 

moraine material with no exposed bedrock, dig a hole, attach wires to a big rock and 

drop it into the hole. Fill the hole up again with gravel and pile some big rocks on top. 

The wire attached to the buried boulder should be long enoughito form a loop 20-50 cm 

above the ground. The guy wires a r e  then attached to this loop and tightened with a 

turnbuckle. 

One heavy guy wire across each end of the roof will normally be sufficient. 

But if strong winds a re  expected normal to the end walls, additional guy wires could 





be fixed a t  the top of the end walls. To tie such wires to the roof raf ters  a small 

hole must be made in the wall. 

10. Materials necessary for one complete hut 

The size of the hut depends on its purpose. As a shelter for a skidoo a 10' 

x 121 floor surface will be sufficient, and this s ize has been selected for the A-frame 

huts constructed a t  glaciers in western Canada. This s ize will also be ample for 

occasional use a s  accommodation for 2-3 people. Total cost of materials depends 

upon quality of lumber and location where materials a r e  purchased. The estimated cost 

in 1966 for all  necessary material is $100-200. 

Materials necessary for a complete hut a r e  given in the list  below but paint 

and materials for shelves, tables, beds,  etc. have not been included. The length of 

the guys will depend on local conditions but 150 feet should probably be  sufficient for 

most huts. 

Lumber, nails and roofing paper for one single walled A-frame hut amounts 

to: 

For 
For 

For 

roof: 1" planks, rough wood (grade 2 or  3) 300 sq. ft. 
front and end walls: 1" planks rough wood (grade 2 or 3) 

150 sq. , ft, = total 450 sq. ft. 
floor: 1" o r  1 1/4" tongue & groove(grade 2 or  3 140 sq. ft. 

Floor joists 5 lengths 2" x 4" x 10 
Rafters 10 If 2" x 4" x 10' 
Door and window supports 4 2 " x 4 " x 8 '  
Door, plain 3/4" plywood 4 '  x 4 '  
Finishing rod 1/4 round 140 linear ft. 
Roofing paper 5 rolls (90 Ibs a roll) 
Roofing nails 7/8" galvanized 8 lb. box 
Nails (1000) 2" (gum nails,  box coated) 5 Ibs. 
Nails (300) 2 1/2" (gum nails,  box coated) 3 Ibs. 
Hinges for door 3 pieces + screws 
Door hooks and eyes 2 se t s  
Foundation 2 lengths 4" x 4" x 12 

and if possible 2 I t  4 ' 1 x 4 t f x 1 2 f  
Guy wire,  turnbuckles, cable clamps quantity to be decided in each 

case ,  according to local conditions. 



Experience has shown that this simple A-frame hut can be erected by 2 men 

in lee8 than 2 days. The total weight of al l  necessary materials amounts to approxima@ly 

DUTIES AT THE END OF THE SUMMER FIELD SEASON 

1. General 

Many different glaciers will be  investigated throughout the coming years and 

it is obvious that a large volume of data will be accumulated in these investigations. 

Some of the data has to be processed in the field s o  that results  of mass  balance, 

meteorological data etc. can be  published without delay. 

The staff a t  the Glaciology Section in Ottawa will handle many l is ts  of data 

and to avoid confusion i t  i s  essential that all sheets of paper a r e  marked with the name - 
of the glacier and the year. In addition each individual sheet must have some so r t  of 

title and the work initialed in the bottom right hand corner. 

e. g. Place Glacier 1966 

Snow Pit  Measurements 

The senior crew member will be held responsible for marking sheets with the 

full title. 

At the end of the field season he will: 

a )  Leave a t  the glacier (in the hut) a copy of a map showing all  
stake locations together with a list  of the last readings (as - 
made before leaving the glacier) 

b) Check that all data a r e  adequately tabulated and summary forms 
a r e  completed. 

c) Ensure that all records reach Ottawa safely (not sent by mail or  
included with equipment that is  sent a s  luggage). 

2. List of data sheets and summaries 

The following records and summaries must be handed in a s  soon a s  possible 

after return from the field: 



1. Brief diary showing date and *ark accomplished. 

Example: June 6 Arrive Lake Louise 
JUE 7 Arrive glacier, ferry supplies, helicopter 

2 hours. (Flight report to be enclosed). 
June 8 Read all stakes, on lower part of glacier, 

sorted supplies. 

2. Summaries of daily meteorological observations including: 

a) Daily mean temp. (centigrade) 
b) Positive degree days (centigrade) 
c) Rainfall (in mrn 8) 

d) Mean cloudiness (in 10 th~)  

Note: Standard forms should be used and the columns between those with 
headings should be left blank for they will be used in later calcula- 
tions of sub-totals for selected periods, etc; 

3. A table to show dates when each stake has been read throughout the whole season. 
(Use standard form) . 

4. Stake forms completed in all respects. The cumulative ablation must be clearly 
indicated for each single stake. 

5. Table of river discharge - to show daily discharge in sub-totals. Total water 
volume to be calculated from 0000 to 0600 hrs; 0600 to 1200, 1200 to 1800, and 
1800 to 2400 hrs; as  well a s  each day1 s total water discharge. 

6. Snow pit measurements - completed standard forms, and graphs showing density 
and water equivalent vs. depth for each pit. 

7. A list of all equipment and supplies remaining at the hut (standard list). 

8. A list of all equipment and supplies returned to Ottawa (standard list). 

9. When applicable: Report of losses of equipment (Departmental form). 

10. Statement of disbursements (on printed forms) together with all receipts arranged 
chronologically, neatly glued or stapled on 8 1/2" x 11" size sheets of blank 
paper. 

Closing the station 

The base camp must be left tidy and in good order. All personal belongings 

that a re  not brought back must be burned or dug down a s  all other garbage. Remaining 

food supply should be checked for items that could deteriorate during the fall and 

winter, and such items removed. 



A list of supplies and a sketch showing location of gas barrels etc. must 

be left in the house. Stakes, stake extensions (2 m pieces) , extension tubes (steel) 

and masonite plates must be placed so  that they will be readily accessible during 

the winter. 

All batteries that have been used (or partly used) must be thrown away. Only 

*used batteries should be left,  and must, always be placed in a plastic bag - never - 
left in radios, flashlights o r  in other equipment ! Such batteries should be marked 

1'New 1966 - unused". 

The station will probably be visited several times during the winter, and 

as an emergency meamre a stove and limited supplies of fuel and food must be left 

in the garage. The garage will normally not be locked. 

A shovel must be placed on the outside wall above the door on all houees, 

and fuel for lightning, cooking and for the ski-doo be lefi in handy containers inside. 
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APPENDIX 

a) Standard Forms 

The following sample collection consists of standard forms for: 

Winter stake readings and stake extensions 
Snow pit measurements 
Representative core drill measurements 
Stake observations 
Daily meteorological observations 
Daily temperature corrections and daily means 
Summary of daily meteorological observations 
Stream gauge recordings 
Stream discharge calculations 
Silt sample data 
Altimeter readings and corrections 
Air temperature correction tables for altimeter. 

b) Short description of ashing procedure 

This ashing procedure has been tried out in the Geographical Institutions at 
the Universities of Uppsala and Stockholm, Sweden. During the last several years 
many thousands of silt  samples from glacier streams etc. , have been processed 
according to the points mentioned below. Comparisons have also been done with other 
methods such a s  filtrating and drying the material in the field by means of membrane 
filter and suction pumps. As the material in that particular case was obviously free 
from organic matter the comparison showed good agreement with the ashing procedure. 

The water samples should be taken either with a specially designed water 
sampler (in case of laminary streaming water) or with a simple bottle of known 
volume ( in cases of extremely turbulent water). If river is low, a larger sample 
should be taken. The following procedure should then be followed. 

1. 1 li tre (or another known volume) of the river water should be filtrated by 
means of a quick filtrating funnel and filtrating paper Munktell No. 00. In 
cases when very fine particles a r e  expected the denser paper, Munktell 
No. OA should be used. 

2. The filtrating paper should be removed from the funnel and partly dried in 
the air.  Observe however that no dust adds to the content. 

3. The filtrating paper should be folded and put in a plastic bag and then placed 
into an envelope for transportation. The number of the sample a s  well a s  the 
particulars concerning sampling time etc. , should be noted on the outside 
of the envelope. 

4. The laboratory work starts  with weighing a number of empty porcelaine crucibles 
together with their lids. The filtrating papers should be placed one in each cup. 

5. By means of a Bunsen burner the crucible should be heated carefully so  that 
the paper starts burning, To facilitate the smoke to escape the lid should be 
placed so that it only partly covers the crucible. 



6, After this procesure, i. e. when the smoke has nearly completely ceased to 
form, the crucibles should be placed in the ashing oven , the lids covering 
the crucibles completely. The optimal temperature of the oven is  
approximately 550°C. 

7. After 2 hours the crucibles should be transferred to a drying oven and kept 
at lOOOC for half an hour. 

8.  he crucibles should then be placed in a dessicator for half an hour and from 
this they a r e  moved one by one onto the scale and weighed a s  quickly a s  
possible a s  the moisture in the a i r  will immediately change the weight of the 
dry ash. As a test for possible e r ro r s  originating from humidity some of the 
crucibles could be moved back to the drying oven and the procedure should 
start again according to point 7. An e r ro r  no larger than 0.2 mg could be 
accepted. It is important that each empty crucible should be weighed each 
time it i s  used, a s  the weight varies almost continuously due to humidity 
changes . . . 

9. The ash should then be removed £rom the crucible which is  then weighed empty 
in order to check that i t  has not changed its original weight. (see point 4). The 
removal of the ash can easily be done with a dry brush. 

Note: It is advisable always to ttburntl all new crucibles before they a r e  
used in this analysis a s  they will normally change their original 
weight. 

If the oven temperature r i ses  above the mentioned temperature 
carbonates will easily start  to decompose and a too small silt  
content might be obtained by this analysis. On the other hand if 
the temperature is  too low some organic components will not be 
removed k o m  the samples. However, in the case of samples 
taken close to a glacier there should not be large risks of having 
too much organic material in the sample. 
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The observatione of accumulation and ab la t ion  a r e  80- of the  

m e t  fundamental i n  gleciologg,  yet  coneiderable diriagreemnt ooncerning 

the accurecy of theee measurement8 e x i e t e  i n  the  l i t e r a t u r e .  Some 

inves t iga to rs  f e e l  t h a t  a  c e r t a i n  nuaber of s takes  per given a m e  met 

be f ixed,  a s  a kind of a t a t i s t i c a l  constant ,  . . i n  order  t o  obtain measure- 

m n t e  of euf f i c ien t  accuracy, but such a concept f a i l s  t o  allow f o r  t he  

vaet topographic va r ia t ions  t h a t  occur on g lac ie r s .  ?or example, one 

etake in c e n t r a l  Greenland might bo representa t ive  f o r  hundrede of 

square kilometers,  whereas a etake on a val ley  g lac ie r  might be 

repmsenta t ive  f o r  a few square msters. Other invest igatore  f e e l  t ha t  

the  individual  g l ac i e r  under considerat ion must determine the  number 

and a r r ay  of s t akes  used. ~ l t h o u g h  more pleasing in an i n tu i t i ve  

physical sense than the f ixed s take  per a m a  concept, t h i s  philoeophy 

of m a  surement confronts the  inve a t  iga to r  with the great  problem of 

determining the density of h i e  observation network. 

Uny p r ac t i c a l  mthod of f i e l d  measurement of accumulation and 

ab la t ion  must be composed of an  i n tu i t i ve  a s  well a s  a s t a t i s t i c a l  

methodology. The i n tu i t i ve  s k i l l  i e  obtained only by much experience 

with t he  g l ac i e r s  being measured, thus we cannot t a l k  about it. The 

s t a t i s t i c a l  a spec t s  can be discussed, but one m e t  bear in mind t h a t  

i n  r e a l i t y  they must be combined with i n tu i t i on  in order t o  y4eld 

val id  re  s u l t  s. 

The enclosed greph allows one t o  determine the number of 

observations necessary t o  obtain a representa t ive  mean, i f  the individual  



observations f i t  a normal pmbabi l i ty  d i s t r ibu t ion .  F i r e t ,  the &anderd 

deviat ion of a number of obeervatione, f o r  errrmple the  ab la t ion  maaura- 

m n t  of a nurber of stake8 i n  a ce r ta in  area of uniform ab la t ion  on a 

g lac ie r ,  i e  computed. Al t s rne t ive ly ,  i f  an experiPent i e  being planned, 
. .. 

Born informa t ion  on <he .'eipected standard deviat  ion might be obtained 

from other  expsrimnte.  'rhe etanderd deviat ion i r  defined 

where a is 

the individunl msaeuremsnt value,  a is the a r i t i m t i c  mean of the  

observatione, and N i e  the number of obeervatione, o r  in t h i e  caee the  

nuplber of etakee. The ar i thmet ic  mean i e  ooneidemd t o  be repmeenta t ive  

i f  it d i f f e r e ,  with a predetermined probabi l i ty  P, not mom then x from 

the  t r u e  man. b n s m l l y  x and P a r e  f ixed according t o  the require- 

monte of the  study, andd  may be fixed by the inherent dispersion of 

point-value8 on the glacier .  

Yith a given a and a choeen x the point an the  choeen probabi l i ty  

curve whose ordinate  i e  xb can be found, and the abeciesa o r  t h i e  

point i e  then t h e  number of obaervatione, o r  etakee, neceseary. Of 

course, th in  a y e  nothing about the  a r ray  of obeervatiarrs, but i n  o d o r  

f o r  the e t a t i e t i c s  t o  be val id  it is neceeaary t h a t  the  area i n  qwe t ion  

on the  g lac ie r  be covered. The ar ray  deeign demands i n tu i t i ve  ineight ,  

since it is  probeble t h a t  d w i l l  not only vary conridernbly from 

g l ac i e r  t o  g lac ie r  but w i l l  very from one part of the g l ac i e r  t o  

another. 

The m p h  m y  be ueed in two ways. Ae above it can be ueed t o  

eatimate the density of an obeervational network neaeeaary f o r  a deeired 

accuracy. The gmph can a leo  be ueed t o  f ind the  aocuracy f o r  a given 

eet  of obeervatione. For example, suppoee 30 ab la t ion  etakes e v e  



masummnts  with a st-indard dev ia t ion  of 2.0. Supposo a l s o  t h a t  one 

desired a p robab i l i ty  of 99 percent  t h a t  the  a r i thmet ic  mean was rep- 

resentat ive of the  t r u e  mean. The po in t  on the  99 percent  P-curve whoa@ 

abscissa. is 30 i s  then located  and the  ordinate  i s  read a s  0.5. The 

accuracy of the  determination of the  mean valuo i s  then 

x = d ( 0 . 5 )  = 2(0.5) = 1 centimeter  

This method a f fo rds  an ob jec t ive  way of es t imat ing  the  accuracy 

of one's mea~urements a s  we l l  a s  a chock on the  dens i ty  of the  obser- 
I 

vation n o t ~ o r k .  Of course, it i s  uze fu l  only a f t e r  some observations have 

been made, t h u s  it i s  of l i t t l e  help i n  the  i n i t i a l  design of an obser- 

va t iona l  network. However, it can be most he lp fu l  i n  the  modification 

of e x i s t i n g  natworks t o  make these  more accurate. 

Graph f o r  determination of number of s ing le  
valuos (N) necessary t o  obtain a representative 
ar i thmet ic  mean. 
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