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ACCUMULATIO BETWEEN MOU T CHAPMA A D 
"BYRD" STATION, ANTARCTICA* 

By H ENRY H . BRECHER 
(Institute of Polar Stud ies, Ohio State Uni versity, Columbus, Ohio, U.S .A. ) 

ABSTRACT. In November and December 1965 accumula tion measurements were made a t 3 km. intervals 
and a t networks o f" poles at six photogrammetric arrays on a n oversnow tra verse from M ount C ha pma n to 
" Byrd" sta tion. T he results at the photogrammetric a rrays, which yield a mean accumula tion of 
16 ·4 g. cm. - 2 yr. - ' for 1963-65, a re compared with values determined from stra tigraphic inves tiga tions in 
1958- 59 and in 1962- 63, wh ich gave 12 ·2 g. cm.- 2 yr. - I and 13 .2 g. cm.-2 yr. - r, respectively. 

R ESUME. Accumulation elltre ]VIount Chapman et la station " By rd", Antarctique. En novembre et decembre 1965, 
des mesures d 'accumula tion furent efTectuees en des intervalles de 3 km e t en des reseaux de ba lises de six 
zones reperes photogra mmetriques clurant un ra id de Mount Chapma n a la sta tion " Byrd ". L e resultats 
obtenus pa r les resea ux donnent une accumulation moyenne de 16,4 g cm - 2 a n- I ; ils sont compa res aux 
va leurs obtenues pa r cles recherches stra tigraphiques e n 1958- 59 et en 1962- 63 qui donnent respectivemenL 
12,2 et 13,2 g cm- ' a n- I. 

ZUSAM MEN FASSUNG. Akkwnulatioll zwischen AlIoullt Chapmallllnd "B)'rd Statioll", Anlarktika. Im N ovember und 
Dezember 1965 wurden Hings eines Profils zwischen Mount Cha pman unci cler "Byrd Sta tion" in Absta nden 
von 3 km und a n Pegelnetzen bei sechs photogramm etri schen Punktfeldern Akkumula tionsmessungen 
vorgenommen. Die Ergebnisse a n den photogra mmetrischen Punktfeldern , die einen mittleren 
Akkumu la tionswert von 16,4 g cm- 2 pro J ahr fur 1963- 65 liefern , werden mit vVerten a us stra tigra phischen 
U ntersuchungen von 1958-59 unci 1962-63, die bzw. 12,2 g cm- 2 pro J a hr und 13,2 g cm- ' pro J ahr 
erga rben , verglichen. 

D URI NG N ovembe r and D ecember 1965 a pa rty consis t ing of Rober t C. Gunn (surveyor) , Berna rd E. 
Brush (mecha nic) and the author (gla ciolog ist) made a n o versnow tra ve rse from Mount Cha pman to 
" Byrd" statio n (Fig. I ) . The prima r y purpose was to p rovid e g round control for a photogrammetric 
d e termina tion o f surface motion in this area. Marke rs to se rve as photo-ide ntifia b le points for th is 
purpose were erec ted origina lly in 1962- 63 . At that tim e accumula tion was determined by strati-

Fig. 1 . Location map showing the positions of phologrammetric array s where stake I/{ /works are located 
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graphic techniques at six points along the route and 163 accumulation stakes were set out (Koerner, 
(964) . 

The stakes are bamboo poles with boards on the 1962- 63 surface. One of the natural nodes on the 
bamboo pole is the r eference mark for the m easurements. There is a single pole every 3 km. , except in 
the interval between 250 and 300 km. from "Byrd" station, where the spacing is 7 km. In addition, 
there are networks of 10 to 15 poles at the six photogrammetric arrays. These a re arranged in a lOO 

by 300 m. rectangle to measure areal variations in accumulation. The amount of snow accumulated 
was to be determined by probing from the new surface to the board. R e-measurement of the distance 
from the board to the reference mark would indicate the amount of settling of the firn (Koerner, (964) . 

MEASURE MENTS 

An attempt was made to follow these procedures but it was found impossible to penetrate deeply 
enough to reach the board from the 1965 surface with the available probe. During the first part of the 
traverse, therefore, the accumulation of snow was determined by the usual m ethod of measuring the 
distance from the r eferen ce mark to the surface and comparing this with the previous m easurement 
of this distance. The error introduced by compaction was left undetermined. During the work at array 
IV, it occurred to the author that the board could be reach ed rather easily by drilling down to it with 
the SIPRE auger. This procedure was used at a rray IV and at all the markers from array III to "Byrd" 
station. A core approximately equal in length to the amount of accumulated snow was taken for the 
purpose of determining the mean snow d ensity a t each point. 

Severa l large discrepancies between accumulation measured from the board and from the r eference 
mark on the pole were noted. It appears that these inconsistencies resulted because the measurements 
were made to different nodes on the bamboo stakes in the two seasons. Because the discrepancies were 
noted in the field, special care was taken to insure that the proper node was used for each measurement, 
but of course the possibility remains that the wrong node was used inadvertently in some cases. When 
inconsistencies were noted , the measurement was usually repeated. It is worth noting, however, that 
surprising as it may seem, it was quite easy to miscount the number of nodes from the top of the pole, 
especially when the number of nodes to be counted was larger than three. Some ambiguity a rose in 
two or three places where there was a node exactly at the top of the pole. In view of these difficulties, 
it is strongly recommended that the top of the pole or an artificial mark, such as a saw cut, be used for 
a refe rence line. 

At the beginning of the traverse (that is, at the first few stakes after leaving array VI near Mount 
Chapman), some confusion arose about the identity of the stakes. Two markers were missed out of the 
first eight encountered. It is reasonably certain that these were markers V - 13 and V-14, and it is quite 
possible that they were buried . There was also one place where a stake was missing in one row of a 
network at an array, and it was impossible to determine with certainty which stake was missing. It is 
clear from these experiences that it is advisable to identify individual markers instead of relying on 
finding them in proper sequence. 

R ESULTS 

The mean annual accumulation for the period from summer 1962- 63 to summer 1965-66 for each 
stake along the traverse route is given in Figure 2. The values between "Byrd" station and array III 
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Fig. 2. Mean annual accumulation for Ihe period Sl!mmer 1962- 63 10 summer 1965- 66 
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are based on measurements of the actual depth of snow above the board, while the other values are 
computed from the height of the reference mark above the surface. The mean accumulation deter
mined from the stake network at each array and the m eans between "Byrd" station and array V, and 
between arrays V and VI are also shown. 

The accumulation varies rather irregularly along the traverse route with no obvious relation to 
topography except in the vicinity of Mount Chapman. With very few exceptions, however, the values 
between "Byrd" station and array V (300 km. from "Byrd" station) cluster around their mean value 
of 16 · 1 g. cm.-' yr. - ', the standard d eviation being 0 ' 4. Be tween arrays V and VI the value is higher , 
averaging 21 '3 g. cm.-' yr.- ' with a standard deviation of 0·8. The apparently highly anomalous 
value of 44 ' 5 g. cm .-' yr.- ' at array VI has not been included in this average. 

No large areal variation was detected from the measurements at the stake n etworks, although the 
high value obtained at array VI does appear to be highly localized from other evidence in the area. 
Only about 1 m . of snow had accumulated at photogrammetric markers about 1 km. north and 1 . 5 km . 
south of the stake network. Partial excavation of a supply cache less than 1 km. south-east yielded a 
value of 80 cm. , while the mean value from the stake network was 288 cm. of snow. The stakes here are 
about 5 km. from Mount Chapman and approximately 1 km . down-slope of the top of a gentle south
ward slope. 

The standard d eviations of the means at the networks ranged from 1 to 3 per cent and maximum 
devia tions from the means ranged from 8 to 21 per cent. Th e maximum deviations are probably more 
meaningful than the standard deviations in es timating the inaccuracy to be expected from observations 
at a single stake. Table I is a summary of the stake ne twork results. 

T ABLE I. STAKE NETWORK R ESULTS 

Accumulation 
g. cm.- ' yr. - ' Standard deviation Largest 

Array from : Maximum Minimlll7'l, Or mean Of one observation deviation Per 
Single pole !v[ean of g. cm.- ' yr. - ' Per g. cm.- ' yr. - ' Per from mean cent 
at marker all Iloles cent cent g. cm.- ' yr. - ' 

I 15 ' 7 14 ' 2 15'7 12 '7 0'3 2 0 ·8 6 l' 5 11 
II 19' 3 16 ' 2 19 ' 3 14' 2 0'3 2 1 ·2 7 3' 1 19 
III 19'2 18 ' 5 19'2 17 ' 1 0'3 2 0·8 4 1'4 8 
IV 16·6 16 · 1 17' 3 14'5 0·2 0'9 6 1·6 10 
V 14 '3 16 ·8 20 ' 3 14'3 0'5 3 1 ·8 11 3 ' 5 21 
VI 44 '5 42 '3 46 .6 35 ' 7 1' 4 3 4"4 10 6·6 16 

There was con iderable varia tion in the amount of settling of the firn relative to the reference m ark 
on the pole, but in a large majority of cases it ranged from 0 to 9 cm . The remaining measurem ents 
yielded figures which were unreasonably large or indicated an elevation of the surface. As a check, 
som e rough calculations were made to ascertain the amount of settling to be expected from the in
crease in density, d e termined in pits at the arrays, of the ma teria l below the 1962- 63 surface. This 
yielded values ranging from 2 to 10 cm. Only figures smaller than 10 cm . were therefore considered to 
represent compaction. The la rger values were attributed to errors caused by m easurement to different 
nod es in the two seasons. No pattern could be discovered in these values. The mean settling of the 
surface in 3 yr. was 4 cm . with a standard deviation of o· 3 cm . Thus the error introduced by measuring 
from a mark to the surface 3 yr. apart to d e termine the accumulation in this area is less than o· 5 g . cm.-' 
yr.- ' on the average. Because of the irregularity of the settling and its small effect on the mean annual 
accumulation, no attempt has been made to "correct" the values between arrays III a nd VI for settling. 

ACCURACY 

The accuracy of the d etermination of mean ann ual accumulation in this case depends on the pre
cision of the measurem ents of ( I) depth of snow accumulated , (2) its mean density, and (3 ) the time 
over which the accumulation took place, and can be evaluated by applying the expression for the 
standard error of a function of severa l independent variables, 

[( aA)' ( aB)' (aN),].f 
rn , = ± rnaaF + 11lbaF + .. . m" dF ' 

where ma , mb .. . mn are standard errors of the respective variables. 
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The estimated error in the measurement of the d epth of snow is ± 1 cm., the error in the length of 
the core is ± 2 cm. and the time is known to ±3 days in all but one interval, where it is known to ± 6 
days. The errors in weight and radius of the core are n egligible. Using the es timated errors in place of 
standard errors, the error computed from this expression ranges from ± 0'34 to ± 0'47 g. cm.-2 yr.-I. 
The higher value is approximately 3 per cent of the annual accumulation over most of the traverse 
route. 

The error resulting from the possibility that some of the measurements between arrays III and 
VI were made to incorrect reference marks cannot be estimated. It has, however, been possible to 
make a rough check of these values from measurem ents of the heights of the photogrammetric markers 
above the surface in 1965 and in 1962- 63 . Since the 1965 measurements were made only to the nearest 
0'1 m. and because the value is likely to reflect the influence of the marker itself, a "calibration curve" 
for these readings was constructed from 44 points where both a true accumulation figure and a m easure
m ent at the marker were available. It is estimated that the "calibrated" values yield results accurate 
to approximately ± 15 cm. 

A measurem ent at the photogrammetric marker was available at 27 of the 38 points at which the 
accumulation was d etermined by m easurement from a node on the bamboo pole. The "calibrated" 
value from the photogrammetric marker agreed very well with the value from the pole m easurement 
in all but one case, where the difference was 70 cm. Since, in addition, the accumulation d etermined 
from the stake m easurement was abnormally low, the value from the photogrammetric marker was 
adopted for this station (station 111-6) . Furthermore, since the accumulation figures obtained in this 
interval do not differ substantially from those where the actual snow thickness was m easured, it seems 
r easonable to suppose that no serious errors have been introduced in most of the measurem ents. 

The stake n etworks at the arrays indicate that there is not too great a variation of accumulation 
over a limited area, the largest devia tion from the m ean being 21 per cent. It would seem, therefore, 
that a single stake will give a reasonable idea of the accumulation even if it represents the m aximum 
or minimum figure one would obtain in a small ne twork of stakes. 

CONCLUSION 

Table 11 gives a comparison of accumulation values determined from pit stratigraphy (Koerner, 
1964) and from the presen t stake m easurements. The d eterminations from stratigraphy are all smaller, 
a lthough there is a considerabl e range in the differences. It must be kept in mind that different time 
intervals are covered by the two d eterminations . Nevertheless, it appears that determinations from 
stratigraphy tend to underestimate the accumulation. Long covered essentially the same route in 
1958-59 (Cameron, 1964). His pit studies were in slightly different locations and his interpre tations of 
stratigraphy yielded a result somewhat lower than Koerner's, the mean being 12'2 g. cm.- 2 yr.- I, 26 
per cent lower than the mean of the stake network m easurements. 

TABLE 11. ACCUMULATION FROM PIT STRATIGRAPHY ( KOERNER, 1964) AND FROM STAKE MEASUREMENTS 

Pit Stakes DijJerence as percentage 
Station g. cm .- 1 yr.-' Years covered g. cm.- 1 yr. - I Years covered of stake value 

I 
11 
III 
IV 
V 
VI 

Mean excluding station VI 
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