
Annals of Glaciolog)' 21 1995 
,f) International Glaciological Society 

Recent increase in South Pole snow accumulation 

E. MOSLEY-THOMPSON, L. G. THOMPSON, 

Byrd Polar Research Center, The Ohio State University , Columbus, OH 43210, U.S.A. 

J. F. P ASKIEVITCH , 
Alaskan Volcano Observato1)', U.S. Geological Survey, Anchorage, AK 99508, U.S.A. 

M. P OURCHET, 

Laboratoire de Glaciologie et Geopl1)1sique de L'Environnement du CNRS, 38402 Saint-Martin-d'Heres Cedex, France 

A.]. Gow, 
Cold Regions Research and Engineering Laborato1]', 72 Ly me Road, Hanover, N H 03755, U.S.A. 

M . E. DAVIS, 

Byrd Polar Research Center, The Ohio State Universil)1, Columbus, OH 43210, U.S.A. 

j . K LEINMAN 

Cascades Volcano Observato1)', U.S. Geological Survey, Vancouver, WA 98661, U.S.A. 

ABSTRACT. This paper summarizes the 37 year history of net acc umulation 
measurements at the geographic South Pole obtained by numerous investiga tors using 
a variety of techniques. Th ese data lead to the conclusion that annual net snow 
accumulation has increased in the vicinity of South Pole Sta tion (SPS ) since 1955 . The 
records were examined for evidence of a "station effect" and it is concluded tha t not all 
of the observed increase can be attributed to snow drift associated with the presence of 
the station. Furthermore, the accumulation increase at the South Pole appears 
consistent with increases observed at other locations on the East Antarctic Plateau, 
and in the Peninsula region as well. These da ta sugges t that the recent accumulation 
increase a t SPS may be regionally extensive over the East Antarctic Pla teau. 

INTRODUCTION 

The measurement of snow accum ulation on polar ice 
sheets and cold glaciers has been part of most glacio
logical programs and traverses since the International 
Geophysical Year (IGY) (M ellor, 1959; M eier, 1967; 
Bull , 1970; Giovinetto and Bull , 1987 ) . Bull ( 1970) 
presents a comprehensive discussion of techniques and 
res ults which, a lthough somewhat elated , remains 
remarka bly consistent with current practices. These 
include stake measurements, identification of total beta 
radioactivity horizons and identification of seasonally 
varying parameters such as dust concentrations and 
stable-isotopic ratios in pits and shallow cores. Recent 
work at Dome C (Petit and others, 1982 ) illustrates the 
use of multiple techniques to assess net accumulation. 

accumulation. This section focuses upon the three most 
ex tensi ve ne tworks . For comparative purposes , a ll 
conversions from firn depth to water-equivalent depth 
were made using the empirical relationship 

STAKE MEASUREMENTS 

Since the IGY a variety of stake networks have been 
established at South Pole Station (SPS) to measure snow 

Dw = ~AZ3 +~BZ2 +CZ (1) 

where A is - 4.8 (1 o-4
), B is 0.0196, C is 0. 350, Dw is 

depth (m w.e.), and Z is depth in meters of firn . Based 
upon many density measurements at SPS, this relation
ship has been verified as a good estimate to a depth of 
15 m and has been used for most SPS accumulation 
studies O ouzel and others, 1983, fig. 5). 

42 pole pentagon 

On 17 and 27 January 1958, a 42 pole pentagon was 
es tablished with the center located 3 km windward (Fig. 
1) of SPS (Giovinetto, 1960) . The poles were 300 m apart 
along the 12 .6 km length, but the exact orientation of 
specific poles with respec t to the station is unknown . 
l\lleasurements were made at least once a year unti l 
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Fig. 1. The locations of all net annual accumulation measurements at South Pole Station with their respective averages (in 
mm w.e.). These include the /Jentagon, the 7 mile cross, 16 beta radioactivil:)1 jJrofiles ( 11 from CNRS and 5 from OSU) 
and the OS U-1978 accumulation line along grid 130° on which jJits 1, 2 and 3 are located. For the beta radioactivil:)1 records 
the ujJ/Jer number is the accumulation from 1965 to the samj;ling date ( 1984 for CN RS sites exce/Jt P 14 ( 1978); 1982 for 
OSU sites 1, 2 and 3; and 1985for OSU sites 4 and 5), while the lower number is the accumulationj rom 1955 to 1965. 

November 1964, and d a ta from only 36 of the 42 poles 
were available. The 6 year (1 ovember 1958- 0 ctober 
1964) aver age accumul a ti on of ~64 . 0 mm a- 1 was 
reported by Giovine tto and Schwerdtfeger ( 1966 ). T ab le 
1 presen ts the annual accumulation (An ) in wate r 
equi valent (Equation (1)) and reveals the in ter-annual 
variabili ty of the spa tially averaged An and in tra-annual 
spa ti a l varia bility of An. Fi rst, th e la rge stand ard 
devia tion (u) in any given yea r largely refl ec ts the 
ro ughness of the snow surface . T his varia bility is 
importan t as it places a limit upon th e degree to which 
a single An value reconstructed from an ice-core record 
may be spa ti ally represen ta ti ve . As the da ta ind icate, th e 
thickness of any annual layer reconstructed from a SPS 
ice core will reflect strongly the local acc umula tion 
conditions which a re controlled pri ncipall y by th e 
surface topography. 

'When averaged ove r the en tire 6 year period th e An 
for the network is 63 . 7 mm a- 1 with au of ± 10.0 mm a- 1

, 

a vari ability of ~ 16%. Table 1 shows tha t the 6 year 
vari ability is substanti ally lower than those fo r individual 

.years, illustra ting the reduction of spa tial variability by 
increasing the time-averaging in terval (Petit and others, 
1982; Mosley-Thompson and others, 1985 ). Additionally, 
annual measurement of the network a llows estima tion of 
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the potenti al frequency of zero accumula tion a t any site. 
or the 2 16 individ ua l annual measureme n ts (36 poles x 6 
yea rs), zero or negati ve acc umu la ti on was recorded nine 
times, represe nting 4. 1 % of all observations. 

It is use fu l to know the d istribution of accumulation 
throughout the yea r. For example, well-d a ted ice-core 
records may be used to estim a te the annual flux of some 
chemical constituents (e.g. S0 4

2
- or Ci-), or th e annual 

average 8180 record often p rovides a proxy history for 
temperature. Such calculations reg uire th at the distri bu
tion of accumula tion thro ughout the yea r be known; 
otherwise, it is assumed that accumula tion occurs con
sisten tly th ro ughout th e year. Observa tions a t SPS led 
Gow ( 1965) to sugges t tha t spring is the time of greatest 
surface ro ugh ness and that surface lowering is a summer 
process . Fortuna tely, during three of the seven years the 
pentagon pole heigh ts were measured bo th in Novem
ber and again in F ebru ary of the same acc umulation 
year. T hese summer (November- Februa ry) accumula
tions are ill ustrated in Table 2 a nd expressed as a 
p ercen tage o f th e annu a l acc u m ula ti on . If mass 
accumula ted evenly th roughout the year, these values 
should be close to 25%; however , these d ata reveal that 
summer accumula tion is ve ry low, consisten t with Gow's 
o bserva ti on . 
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Table 1. Annual net accumulation for 36 j1oles of the 42 j1ole jmztagon 

1\lf easurement Annual mean 
j1eriod 

1nmw.e. 

1958/58* 78.0 
1958/59 57.0 
1959/60 76.0 
1960/6 1 53.0 
1961/62 58.0 

1962 /63 67.0 

1963/64 57.0 

6 yearst 63. 7t 

S.d. (a) 

±35 
±36 
± 34 
±29 
±36 
±30 
± 39 

± 10t 

Variation ((}'/mean) 

% 

45 
63 
26 
54. 
62 
48 
68 

15t 

Not a full accumulation year: 27 J an uary- 5 November 1958 . 
These statistics are for six full accumulation years (November 1958-
0ctober 1964) and are not based upon the individual annual averages 
or standard deviations. 

7mile cross substantially lower than those for the other three legs. 
The 8 year average is not substantially different among 

An accumulation network shaped as a cross (Fig. 1) with 
7 mile ( 11 km ) long arms was established at SPS in 
February 1962 . The arms extended along grids 030°, 
120°, 210° and 300°, were centered on the station and 
consisted of 35 poles along each arm with a pole spacing 
of approximately 300 m. This network was remeasured 
once Uanuary 1970) and , based upon available records, 
provides an 8 year accum ulation record and an opportu
nity to examine whe ther th e station affects the spatial 
distribution of A 11 • The thickness of the firn layer 
accumu lated over 8 years at each pole was converted to 
water equ ivalent (Equation (1)) . 

The 8 year average accumulation at each pole is 
shown in Figure 2. T he prevailing wind direction (Fig. l ) 
is centered on grid 35°, closely coinciding with the 030° 
leg of the cross. At SPS, prevailing winds are very 
constant (Bodhaine, 1986) with 98% of the observations 
(1977- 83 ) from 330° to 120°. Pole No . I in each leg is 
closest to the station, and pole No. 5 of the 210° leg 
coincides with the ru nway . Poles 1- 5 of the 210° leg were 
eliminated from the record clue to obvious disturbance. 

The 8year average accumulation is 61±6mma- 1 

for the leg upwind of the station (030°) a nd is 

Table 2. Summer net accwnulation for 36 };oles of the 42 

pole f1entagon 

Period 

2 Nov 1960-13 Feb 1961 
24 Nov 1961 - 10 Feb 1962 
24 Nov 1962- 30 J an 1963 

Summer Per cent of 
accumulation annual average 
(Nov- Feb) accumulation 

mmw.e. 

2 
7 
3 

3.1 
10.9 
4.7 

Fig. 2. The 8 year average net annual accumulation (mm 
w.e.) for each of the 40 poles along the four arms of the 
7 mile cross, with the direction of the prevailing wind 
( 35°). The lowest accumulations are found along the grid 
30° arm located uj1wind of Soulh Pole StaLion. 
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the other three legs al though the downwind leg (210°) 
has the highes t A,1 (79 ± 6 mm a- 1

). The other two legs 
( 120° and 300°) are oriented more across the prevailing 
wind a nd h ave acc umul a tion s of 77 ± 9 a nd 
72 ± 5 mm a- 1

, respec tively. Inspection of the indivi
dual pole accumula tions along each line (Fig . 2) reveals 
a number of ex treme values and persistent trends (both 
increasing and decreasing) ex tending over hundreds of 
meters. It is conceivable that the sta tion, sitting as a 
single protrusion on the fl a t snow surface, generates 
waves of snow (sastrugi) which p ropaga te outward 
(primarily downwind) and dominate the An pattern 
for a number of years, possibly decades. Along leg 030° 
the grea tes t varia bility occurs within 3.3 km (poles 1- 10) 
upwind of the sta tion. At distances exceeding 3.3 km, An 
varia bility decreases marked ly (0'= ± 4 mm a- 1

) and 
only two of 25 observations exceed ± 10'. This could 
indica te the lack of disturbance of the An regime by 
surface undula tions upwind, ou tside the accumula tion 
shadow generated by the station . The 7 mile cross results 
do not provide unequivocal evidence of significantly 
higher accumula tion in the downwind direc tion (e.g. 
grid 210° vs 120° and 300°) but clearl y demonstra te tha t 
significantly lower accumula tion occurred upwind of the 
sta tion. Either the lower accumula tion upwind is 
anomalous or the effect of the sta tion upon An ex tends 
like a broad apron centered upon the downwind 
direc tion. The existence of lower accumula tion upwind 
of the sta tion is supported by the similarity between the 
cross and pentagon results. The 6 year ave rage ( 1958-
64) from the pentagon is 64 ± 10.0 mm a- 1

, in good 
agreement with the 8 year average ( 1962- 70) along the 
030° leg of the cross (61 ± 6 mm a- 1

) . 

Ohio State 1978 accumulation network: OSU-1978 

In 1978 two 5 km long accumula tion lines (l ines 1 and 3) 
were installed (personal communica tion from I. M . 
Whillans, 1993) along grid 130° ( 11 poles) and grid 
178° ( 12 poles), respec tively. These lines were remeasured 
in 1979 and 198 1. In 1982/83, line 3 was los t due to 
burial, but line 1 was measured , reset and ex tended to 
6 km. In December 1985 this line was measured and rese t, 
and then it was measured annually or semi-annually until 
1990. U nlike the previous stake networks, here the 
original length of each pole was known, allowing net 
accumulation (A 11 ) to be calcula ted using (Pettre and 
others, 1986) 

A _ z2 D 2 - z1D1 
11 

- t2 - t1 
(2) 

where z2 and z1 represent the heigh t of the snow surface 
on the stake a t times t2 and t 1, and D2 and D 1 a re the 
mean densities between the surface a nd depths z2 and z 1. 

Mean densities were obtained from the ratio of firn 
depth to wa ter-equivalent depth (Equation ( l )) ; thus 
the same depth- density rela tionship was used for all the 
network data . Calcula ting An from Equation (2), rather 
than simply converting the thickness of the newly 
acc umula ted layer to water equivalent using the mean 
density, results in an approxima te 3% enhancement . 
The 12year average An for the OSU-1 978 network is 
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92 ± 4 mm, higher than those from any of the other 
networks. 

Figure 3 illustra tes the 12 year ( 1978- 90) average 
accumula tion for each pole as a function of distance from 
the sta tion and reveals clearly that accumula tion 
decreases with increasing dista nce from the sta tion. 
Although the lowes t two accumulation averages are 
recorded a t the two most distant poles, the accumula tion 
line is too short to assess whether a sta tion effec t ex tends 
beyond 6 km. It is possible tha t ave rage accumula tion 
decreases further with increasing dista nce, but the 
current network of poles does not a llow this to be 
explored . 
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Fig. 3. T he 12)'ear average net annual accumulation (mm 
w.e.) for the 12 poles in the OSU-1978 accumulation line 
along grid 130° illustrate that accumulation decreases with 
increasing distance from the station . 
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Th e potential effect of the sta tion upon the accumula
tion distribution must be considered if a natural increase 
is to be confirmed . From the network data the strongest 
evidence of such an increase may be drawn from a 
comparison of the 12year (1978- 90) average (92 mm) 
from th e OSU-1978 line (grid 130°) and the 8 year (1962-
70) average (77 mm) along the grid 120° arm of the 7 mile 
cross. The average net annual accumula tion fo r the 
period 1978-90 is 15 mm a- 1 grea ter. Although the 7 mile 
cross was centered upon the original SPS ( 1 km from the 
new (1974) SPS), the rela tive orienta tions between the 
respective sta tions and accumula tion lines a re nearly 
identical. If it can be assumed tha t the respecti ve sta tion 
effects were identical for bo th li nes , then these da ta may 
reflect a secular increase in A 11 • 

Ohio State 1992 accumulation network: OSU-1992 

Based upon observations discussed above, it became 
apparent tha t An measured in the 1980s was greater 
than that measured from the mid- l 950s to the 1970s. The 
history of accumulation a t SPS presented here suggests 
tha t An has increased by more than 20% in th e las t two 
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decades. However, none of the older accumulation 
networks was preserved and the OSU-1978 line is too 
short (6 km ) and too spatially res tricted (a single line ) to 
provide a statistically sound base line for An at SPS . 
Therefore, a new accumulation network has been 
established which will provide a basis for the perma
nen t, sys tematic monitoring of the " natural" accumula
tion at SPS . 

In November 1992 an array of 23S poles in six lines, 
each 20 km long, centered on the SPS was installed for 
systema tic, long-term monitoring of An. The network was 
established using standard surveying techniques which 
were verified using GPS (global positioning sys tem). The 
lines are centered on the six grid directions (4S 0

, 110°, 
170°, 230°, 290° and 3S0°), ex tend 20 km from the station 
and contain poles spaced SOO ± 1 m apart. When they 
were installed , all pole heights (from the top of the pole to 
the original snow surface) were 72in (182.88 cm) and all 
pole lengths were identical. 

In November 1993 the height of each pole was 
measured and the height difference was calcula ted in 
water equivalent using Equ a tion (2). The average An 
based upon all 23S poles is 97 mm w.e., and although this 
reflects but a single year's data, this l year average is very 
spatially represen tative. This network will be remeasured 
each year in November. The initial ( l year) results do not 
indicate the existence of a pronounced "station effect" 
upon accumulation, but several more years of data will be 
necessary to address this qu antitatively. 

BET A RADIOACTIVITY HORIZONS 

The data from all the accumulation stake networks 
indicate a secular increase in A 11 since the mid- l 9S Os . This 
may be explored further by examination of beta radio
activity horizons deposited at known times within the firn. 
Antarctic beta profiles generally exhibit two very distinct 
horizons, l 9SS and l 964/6S (Picciotto and Wilgain, 1963; 
Crozaz, 1969; Pourchet and others, 1983). 

Beta measurements conducted for five OSU cores and 
eleven CNRS (Centre National de la R echerche Scien
tifique) cores a llow inves tigation of a possible secular 
increase in SPS accumulation. The loca tions of the core 
and pit sites from which beta radioactivity was measured 
are shown in Figure 1 which includes An in mm w.e. at 
each site. The upper number is the accumulation from 
1965 to th e sampling date ( 1984 for CNRS sites except 
Pl4 (1978); 1982 for OSU sites 1, 2 and 3; and 198S for 
OSU sites 4 and S) while the lower number is the 
accumulation from l 9SS to l 96S. 

Comparison of these data requires some caution as 
sampling dates a nd sample sizes vary and these 
differences result in records with somewha t different 
time resolutions. For example, three OSU cores ( 1, 2 and 
3) were used for other measurements as well as for beta 
radioactivity. Thus, the beta sampling interval encom
passed approxim a tely 300- 400 mm of firn (9 0-
140mm a- 1) or nearly 2years ' accumulation which 
introduces inaccuracy in the exact assignment of a date 
to a specific dep th. On the other ha nd , OSU cores 4 and 
5 were used exclusively for beta radioactivity measure
men ts, and the sampling interval is approximately 

120mm of firn (40kgm-2 a- 1) which means the beta 
horizon can be isolated definiti vely within a single year's 
accumulation. Thus, the results from OSU sites 4 and S 
(Fig . 1) provide more precise accumula tion information 
than those from sites I , 2 and 3. For all the CNRS cores 
the sampling interval was greater than I a- 1, providing 
very good resolution. 

To examine th e possibility of a secular increase in 
accumulation independent of the station effect, the beta 
radioactivity results are differentiated into two groups 
shown in T able 3. Group 1 consists of all sites with 
annual resolution of the beta radioactivity horizons 
which are loca ted farther than 3 km from the sta tion 
regardless of orientation with respec t to the prevailing 
wind. This distance is selected arbitrarily as it appears as 
a crude break point between the higher accumulation 
regime near the sta tion and the less variable accumula
tion regime further out (Figs 2 and 3). Based upon the 11 
sites included in group I , A 11 appears to have increased 
from 73 to 81 mm, or by approximately 10% , since 196S. 
By ass uming that sites upwind of the station are least 
likely to be affec ted by drift associated with the station , 
the possibility of a " natural" accumula tion increase can 
be examined further. A second sub-se t of beta radio
activity records, called group 2 sites, consists of those left 
from the group 1 si tes after applying a further restriction , 
that the core location be within ± 2S 0 of the prevailing 
wind (3S 0

). Results from gro up 2 sites (Table 2) reveal 
an increase from 69 to 83 mm, or a 20% increase, since 
196S . 

T able 3. South Pole net annual accumulation averages 
determined from beta radioactivity profiles for two time 
periods: 1955-65 and 1965 to the sampling date 

Samj;ling 
sites 

Period A 
( 1965- *) 

Period B 
( 1955- 65) 

Percentage 
. . 
zncrease sznce 

1965 

Group (all sites farther than 3 km from station) 
P22 82 7S 
P21 82 74 
P20 83 80 
Pl9 82 S8 
Pl8 86 70 
Pl 6 81 96 
PIS 79 78 
Pl 4 80 77 
pg 74 62 
PS 82 69 
OSU4 81 69 

Group 1 average 81 73 10 

Group 2 ( > 3 km and upwind from station : P20, Pl 9, Pl8, P5) 

Group 2 average 83 69 20 

Sampling date for all P sites: 1984; except Pl4 (1978) 
Sampling date for OSU I, 2, 3: 1982 
Sampling date for OSU 4, S: l 98S. 

13S 
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SUMMARY OF SOUTH POLE ACCUMULATION 
DATA 

Figure 4 integra tes a ll the SPS accumula tion d a ta 
availa ble from 1955 to the present. The respec tive 
standard deviations (a ) a re presented , a nd should be 
considered when inspec ting these d a ta for trends. The 
la rges t a , associated with the 1955- 65 beta measure
m ents, results primarily because the observation period 
is one-half tha t of the 1965- 85 period , ma king it m ore 
susceptible to temporal vari a bility. The increasing 
trend in accumula tion appears linear with time and 
it is u nlikely tha t the increase can be a ttributed enti rely 
to the presence o f the sta tion as d emonstra ted 
previously. 
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indicate ± I a f or each record. The increase in annual net 
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It is possible to m ake a crude estima te of the recent 
increase in A 11 a t SPS using those d a ta " leas t likely" to 
be a ffected by the presence of the sta tion. Gi ven the 
limited d a ta availa ble, the two bes t es tima tes of the 
curren t " na tura l" accumulation rate a re ( 1) 86 mm a -
1 which is the 12 year ( 19 78- 90) average of th e two 
m os t rem ote poles of the OSU-1 9 78 network , and (2) 
9 7 mm a- 1 which is th e 1 year (1992/93) ave rage for 
235 poles in the OSU -1 992 ne twork . T he best es timate 
fo r accumula tion in the 1960s is 65 mm a- 1 which is the 
average of the pentagon (64 mm a- 1

), th e upwind a rm 
of the ? mile cross (61 mm a- 1

), a nd the Group 2 be ta 
results (69 mm a- 1

) . The result is a n increase of25% 
over th e last 30 years. Using the 19 78- 90 2 pole 
average (86) gives a 32% increase while using the 
1992/93 235 pole average gives a 50 % increase. One 
year of accumula tion , a lthough spa ti a l coverage is 
ex tensive, is mu ch too sh o rt to be co nsid e r ed 
temporally representa tive; th erefore, the bes t curren t 
es tima te of the SPS accumula tion increase since the 
mid-1 950s is 32%. 
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OBSERVATIONS OF ACCUMULATION AT 
OTHER EAST ANTARCTIC LOCATIONS 

R ecent accumula tion increases have been reported at 
o ther Antarctic locations. Most of these a re based upon 
the reconstructed thicknesses of annual accumulation 
layers identifi ed in firn and ice cores, which have some 
limita ti ons (e.g. annu al laye r identifi cation, disturbance 
of the surface layer and limited spa ti al representa ti vity). 
T he most ex tensive stud y was conducted in \IVilkes Land 
(Morgan and others, 199 1) where two longe r (bac k to the 
early 19 th centu ry ) and two shorter (back to the 1930s) 
A 11 histories were compiled. These clearl y show large 
vari ability on time-scales up to I 00 years and significant 
changes since 1950. H ere accumula ti on decreased sharply 
from 1955 to 1960, reaching a minimum in 1960, after 
which it increased steadily to present values, es tima ted to 
be :::::: 20% above the long-term mean . 

Peel (1992) reported a 20% acc umula tion increase 
since 1955 on Dolleman a nd J am es R oss Islands in the 
Antarctic Peninsula region . In addition, the Peninsula 
a rea has experi enced a warming of about 0.06°Ca- 1 in 
pa ra llel with th e acc u m ul atio n increase . In East 
Antarc tica, beta radioactivity horizons identifi ed a t bo th 
Dome C and SPS by Pourchet and o thers ( 1983 ) also 
indica te a recent increase in acc umula ti on . Based upon 
observa ti ons a t 19 locations in th e Dome C vicinity, they 
reported a 33% increase since the 1955-65 period, and 
from observations a t 2 locations near th e South Pole they 
reported a concurrent 10°/o increase. 

In 1986 a drilling program was conducted a t a remote 
site (82° S, 43° E ) on the Eas t Anta rctic Plateau (Nlosley
Thompson and others, 1987 ). The beta radioactivity 
records from two sha llow cores , coupled with their 
respec ti ve densi ty profil es, reveal a 32% increase. From 
1955 to 1965 accumula ti on was approxima tely 20 mm a-1

, 

and from 1965 to 1986 An increased to 35 mm a- 1
• These 

es tim ates are subjec t to uncertainty clue to the low 
acc umula tion rate in thi s region, which makes assigning 
the beta raclioac ti vi ty ho ri zon to a single year more 
diffi cult (discussed previously), and th e fac t tha t only two 
cores were ana lyzed. 

T he combined results from South Pole, Dome C, Plateau 
Remote and Wilkes Land suggest strongly tha t the central 
Eas t Antarctic Pla teau has experienced a secular increase in 
An over the las t 30 years. Limited observations indicate a 
similar trend in the An tarctic Peninsula region. It is more 
difficult to assess whether th is represents a longer-term 
trend , as mos t Antarcti c records begin in th e 1950s, a period 
of possibly below-average acc umula tion in the Wilkes Land 
region. If true for the high pla teau, this would tend to 
overemphasize the recent accumulation increase. However, 
viewed from the perspective of a 9 11 year ice-core-based An 
record from SPS (Mosley-T hompson and Thompson, 1982) 
the current measurements of An ( > 90 mm w.e. ) represent 
ex treme values and grea tly exceed the nine-century mean of 
70mm w.e. 

DISCUSSION AND CONCLUSIONS 

All availa ble da ta have been in tegra ted to produce the 
mos t complete and representative net mass acc umulation 
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history for SPS . These da ta provide strong evidence that 
.40 in the vicinity of SPS has increased about 30% since 
1955 . Although some of the increase may refl ec t enhanced 
drifting due to the presence of the sta tion, most of the 
measurements upwind of th e station , where the sta tion 
elfect is minimal, also reveal an increase. Thus, the net 
accumulation increase at SPS appears to be real. 

The recent increase in An a t SPS is consistent with 
1hat observed a t o ther sites in Anta rcti ca, sugges ting a 
larger-scale, regional change. Th e possibility of an 
accumula tion increase over Antarc tica is of parti cul a r 
interes t in li ght of projec tions for global warming in the 
next century, th e anti cipa ted pola r amplifica tion of this 
warming and the future stability of the pola r ice sheets 
West Antarctica, in particul ar ) and their effect upon 

future sea levels (Hough ton and others, 1990) . An 
increase in Antarctic accumulation would offset some of 
the sea-level rise anticipated from thermal expansion and 
melting of temperate glaciers and ice caps. 

A variety of general- circulation model (GC M ) 
simulations for enhanced greenhouse gas concentrations 
(e.g. 2 x C02 ) indicate an increase of 20- 50% in net 
mass accumula tion (precipitation minus evapora tion ) 
over Antarctica (Grotch , 1988). Budd and Simmonds 
(1991 ) explored the combined effec ts of surface warming 
and sea-ice reduction on precipitation and evaporation 
over Antarctica. The cumulative effects resulted in an 
accumula tion in crease of 40- 68 % whi ch may provide a 
modes t but significant offset to rising sea level. Another 
mod el stud y (O erlemans, 1982 ) indica tes tha t the ini tial 
response (next IOO years) to a polar warming may be 
increased mass accumula tion in Antarctica, since the 
estimated increase in snow accumu lation exceeds the 
es timated melting. 

The reasons for the observed An increase a re not well 
understood. Although accumulation should be related to 
the temperature in the free atmosphere which governs the 
water-vapor content above the inversion layer, no simple 
or straightforward rela tionship is apparent. Oth er 
meteorological factors including a tmospheric dynamics 
may be equally important. There is little evidence of a 
"strong" warming over Antarctica, except in the Penin
sula region where warming is marked and strong. Several 
investiga tions of Antarcti c tempera ture trends have 
produced conflicting resu lts. Sansom's ( 1989) statistical 
stud y of four stations (Faraday in the Peninsula area, 
Mirny on the eas t coast, Amundsen- Scott (SPS) and 
Scott Base in the Ross Sea sector) revealed 5- 10 year 
temperature trends which were remarkably in phase 
among th e four sta tions. Three stations exhibited 
warming trends while Amundsen- Scott was cooling, but 
none of these linear trends was found to be sta tistically 
significant over the 30 year record. Sansom noted that 
long-term tempera ture trends may be difficult to discern 
from Antarctic temperature records due to the large 
variability in annual mean temperatures. 

Raper and o thers ( 1983, 1984) reported a warming 
trend from the early 1960s to 1975 in the Southern 
Hemisphere which is also present in most meteorological 
records from the Antarctic continent. However, most of 
the Antarctic stations in the stud y lie on or near the coast; 
hence, the continental interior is poorly represented . 

eve rtheless, th e observed warming trend is most 

pronounced during winter when most of the precipita
tion falls on the East Antarctic Plateau. 

The OSU-1992 accumulation network will provide an 
important base line for assessing future changes in A n in 
the vicinity of SPS. This, coupled with future core
retrieval efforts at other remote Antarctic locations and 
accumulation networks at other stations , will document 
bo th past and future changes in accumulation. Assess
ment of the rela tionship between atmospheric and /or 
oceanic warming and Antarctic acc umulation requires an 
array of radiosonde stations and continued monitoring of 
the spa ti a l and temporal vari abi lity of sea ice. 
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