





STOCKHOLMS UNIVERSITET ISSN 0346-7406

)
A (s
& M o)
Swwliee O STOU-NG 96
“ W @& X NATURGEOGRAFISKA INSTITUTIONEN
£ 9 UPPLAGA: 350
4”?+S‘f‘ 106 91 STOCKHOLM APRIL 1993

ARSRAPPORT

ANNUAL REPORT

1991-1992

AXEL BODIN (red)

FORSKNINGSRAPPORT SVENSK TEXT / ENGLISH TEXT

TARFALA RESEARCH STATION

Bibl. anteckn.







CONTENTS

Introduction

Mass balance of Storglacidren 1991/92

Meteorological observations in Tarfala 1991/92

Mass balance of Rabots glaciir 1991/92

A three year study of the mass balance of Marmaglaciéren
A three year study of the mass balance of Kérsaglaciiren
Mass balance of Tarfalaglaciiren 1990-92

‘Studies of water in the firn area of Storglaciiren

Surface velocity, hydrology, and direct measurement of subglacial till strength
and deformation at site s3, Storglaciéiren

Measurement and modelling of ablation on Storglaciiren

Investigation of ice-cores from Storglacidren

Measurements of pH variations in front of glaciers in the Abisko region

Studies of local climate in empty glacier cirques located just below the glaciation limit
Glacier front observations 1992

Aerial photography 1990-1992

GPS measurements of glaciers in Swedish Lappland 1992

Radio echo soundings at Unna Riitaglacidren and Stour Riitaglaciiren

Radio echo soundings at Pérteglaciiren

Appendix:

1. Published papers 1988-1992

2. Personnel and guests 1992

3. Meteorological data 1992

4. Mass balance 1989/90 - 1991/92 of Mirmaglaciiren

5. Mass balance 1989/90 - 1991/92 of Karsaglaciiren

6. Storglaciéren, mass balance 1946-1992 and snow depths 1992

10
13
15
17

21

33

37

43

45
47




INTRODUCTION

This "annual report” is, like previous reports, intended to give basic data concerning the mass
balance of Storglacisiren and the weather at Tarfala Research Station. In addition, a selection
of short descriptions of field projects has been included. We have included a relatively large
number of tables and figures which we believe may be useful for the reader.

The report includes a number of contributions written by people who have worked at
the station. Different ways of presenting data have been chosen by the various authors. The
authors are responsible for their method of presentation as well as the text.

I would like to use the opportunity to thank all the scientists and students whose

combined efforts have made it possible to operate the research station and conduct research.

Stockholm in February 1993

Wibjorn Karlén

Professor




MASS BALANCE OF STORGLACIAREN 1991/92

Axel Bodin and Hikan Grudd

SUMMARY

The winter balance of Storglacidiren was measured 21-23 May at 311 probing points. The
density was measured at five stakes and as there were no systematic differences with height,
the average value 0,51 g/cm® was used. When the probings were conducted, ablation had just
started on the lower part of the glacier. As the first melting results in formation of
superimposed ice, coring was conducted at approximately 10 points on the glacier tongue. The
average thickness of superimposed ice was 10 cm, which was added to the winter balance. The
total winter balance was calculated to 2,24 m water equivalent (w €).

The stake net used for ablation measurements contained 49 stakes. At the end of the
season snow density was measured at stake 29, giving an average of 0,61 g/cm3. Ablation
occured below the equilibrium line between mid September, when the station was closed, and
early November when additional measurements were made. This late autumn melting was
found to be 19 cm w e in average over the entire tongue, or 9 cm w e in average over the whole
glacier. The total ablation was 1,36 m water equivalent, a very low value. Thus, the net balance

was 0,88 m water equivalent.

STORGLACIARENS MASSBALANS
1991/92

Vinterbalansen bestimdes genom sonderingar i
311 punkter den 21-23 maj, en tidpunkt mycket
néra gransperioden for ackumulation och
ablation. Smaltningen hade delvis borjat pa
glacidrens nedre delar varfér isborrningar gjordes
for att bestimma mingden péilagrad is. Dar
sndtiacket var tunt hade 10-15 cm pélagrad is
bildats och medelvirdet over hela ablations-
omradet var 10 cm. Nedstroms profil 22 har
darfor 9 cm vattenekvivalent (v €) adderats till
sndsonderingarna. Densiteten bestimdes vid fem
stakar (tabell 1) och medelvirdet var 0,51 g/cm3,
Ingen skillnad i densitet noterades mellan
glacidrens olika delar. Den totala ackumulationen
beriknades till 224 m v e.

Ablationen mittes pd 49 stakar under
sommaren (se¢ stakkarta, fig 5). Sommaren var
kallare 4n normalt vilket resulterade i att
ablationen vid de Oversta stakarna var mycket 13g.
Redan i borjan av augusti foll snd i de bvre
delarna. Denna sommarackumulation &r inte
miitt separat men kommer med i berdkningarna
ssom minskad ablation. Ablationens avtagande
med hdjden och dirmed nettobalansgradienten ar
sdledes mycket hog for budgetiret, hela 1,41

m/100m. Den 3:¢ September bestimdes
sommarbalansen till 1,27 m v e. Densiteten var da
0,61 g/cm? vid stake 29. I borjan av november
konstaterades  genom  stakavlisningar  att
ytterligare ablation &dgt rum under hosten. I
medeltal 21 c¢m is hade smilt nedstroms
jamviktslinjen. Nedstroms 1420 moh har ett
péslag berdknats som uppgar till 19 cm v e vilket
motsvarar 9 cm v e over hela glacidren. Den

totala ablationen ir sdledes 1,36 m v e.

Table 1. Snow density measurements on
Storglaciiren 1991/92.

Date Location Average
(stake) density
22/2 6 035
2/2 14 0,38
22/2 29 0,43
22/5 3 0,51
22/5 12n3 0,53
22/5 16 0,49
2/5 29 0,52
22/5 31n7 0,50
3/9 29 0,61



Stakarna pd Storglacidren mattes i ar in
med GPS (Global Positioning System), ett
satellitbaserat mitsystem som installerats 1
Tarfala under sommaren. Noggrannheten i de
mitningar som utforts i sommar dr av storleks-
ordningen +2 m (se vidarc avsnittet "GPS
measurements of glaciers in Swedish Lappland
1992" i denna rapport).

Nettobalansgradienten, G, #r beriknad
som kvoten mellan intervallen 1640-1660 mo6h och
1320-1340 moh:

G = (3.61-(-0.91))/(1660-1340)

Jamviktslinjens h 6 h, ELA, 4r beriknad
linjért mellan 1380 moh och 1420 méoh:

ELA = ((1410-1390)*0.11/0.65) + 1390

Ackumulationsomrédets storlek i procent
av totala arean, AAR, beriknas med ledning av
jamviktslinjens hojd enligt ovan till 58%.

Sonderingsprotokoll ~ frdn  snodjups-
mitningarna den 21-23/5 #r liksom statistik dver
alla massbalansmitningar sedan  1945/46
redovisad i appendix 6.
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Table 2. Mass balance of Storglacidren 1991/92,

Net balance
10%m3 mwe

1 0.12
.4 0.13
9 -0.14
-23.6 =-0.59
-44.9 -0.86
-70.3 -1.03
-89.2 -1.04
-42.3 -0.55
-56.5 =-0.65
136.2 -0.91
216.3 -0.86
126.7 -0.47
-22.9 -0.11
55.4 0.54
74.9 1.08
44.5 0.70
59.1 0.64
212.6 1.26
367.4 2.06
197.1 1.92
200.2 2.01
265.2 2.26
345.2 2.59
430.2 3.20
495.4 3.42
434.5 3.61
321.6 3.54
174.4 3.30
88.4 4.38

1.27 2936.8 0.97

Height Area Ackumulation  Ablation
ma sl 107m2  10%m? mwe 10303 mw e
-1160 8.8 19.8 2.25 18.7 2.13
1160-1180 11.2 25.2 2.25 23.8 2.13
1180-1200 20.7 43.1 2.08 46.0 2.22
1200-1220 40.3 67.5 1.67 91.1 2.26
1220-1240 52.1 72.2 1.39 117.1 2.25
1240-1260 68.5 8l.4 1.19 151.7 2.21
1260-1280 86.1 90.9 1.06 180.1 2.09
1280-1300 77.6 111.0 1.43 153.3 1.98
1300-1320 87.2 118.6 1.36 175.1 2.01
1320-1340 149.0 156.3 1.05 292.5 1.96 bl
1340-1360 251.0 257.2 1.02 473.5 1.89 -
1360-1380 269.0 334.9 1.24 461.6 1.72 -
1380-1400 216.7 335.5 1.55 358.4 1.65
1400-1420 101.7 208.1 2.05 152.7 1.50
1420-1440 69.6 166.4 2.39 91.5 1.31
1440-1460 63.5 131.1 2.06 86.6 1.36
1460-1480 92.1 181.5 1.97 122.4 1.33
1480-1500 168.4 389.2 2.31 176.6 1.05
1500~-1520 178.1 513.5 2.88 146.1 0.82
1520-1540 102.5 279.0 2.72 81.9 0.80
1540-1560 99.6 262.4 2.63 62.2 0.62
1560-1580 117.4 338.6 2.88 73.4 0.63
1580-1600 133.4 428.6 3.21 83.4 0.63
1600-1620 134.5 480.6 3.57 50.4 0.37
1620-1640 144.9 549.7 3,79 54.3 0.37
1640-1660 120.2 479.6 3.99 45.1 0.38
1660-1680 90.8 355.7 3.92 34.1 0.38
1680-1700 52.8 194.2 3.68 19.8 0.38
1700-1720 20.2 96.0 4.75 7.6 0.38
3027.9 6767.8 2.24 3831.0
Sep-nov: 273.6 0.09
Total: 3027.9 6767.8 2.24 4104.6 1.36 2

ELA = 1393 mdh
Net balance gradient, G =
AAR = 58 %
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METEOROLOGICAL OBSERVATIONS IN TARFALA 1991/92

H3kan Grudd

THE METEOROLOGICAL YEAR

1992

INTRODUCTION

Meteorological records in Tarfala extend back to 1946, The first years’ observations werc
made manually during the periods when the station was operated. Later, chart recorders were
installed, but it was not possible to get continuous yearly records until the early 60s when the
station recieved electric power, Since 1965 there has been a good annual temperature record.
In 1987 a new meteorological station was set up a couple of metres from the old one. This
station is monitored by a datalogger and is connected to a computer inside one of the buildings
via short-haul modem. In wintertime it is possible to transfer the data directly to a computer in
Stockholm via the telephone line. The datalogger monitors the meteorological sensors every
ten seconds, storing hourly mean values during the summer and three-hour mean values
during the winter. The logger also computes minimum and maximum values as well as daily
averages. Some of the meteorological data are presented in the annual reports from Tarfala
(e.g. Grudd 1992). In appendix 3 the most important data for 1992 are presented.

°C, which is only 0,4 °C colder than normal.

Table 1. Monthly mean values, Jan-Oct.

summer. The mean summer temperature was 5,2

MEAN MEAN MEAN MEAN MEAN
MONTH TEMP  HUMID MAXTEMP MAXTEMP MINTEMP MINTEMP VIND MAXVIND  PRECIP
£°c] [%] [Sd9] [§d9] °cy °cl (m/s] [m/s] [mm]
1 =7.0 62 -3.2 4.0 -11.1 -21.3 7.4 63.6 20
2 =75 64 -3.8 2.7 -12.0 -20.0 4.5 59.2 4
3 -7.2 66 -3.8 7.0 -12.1 -21.7 3.9 32.9 13
4 -8.8 70 -3.3 3.9 -13.4 -22.1 2.9 21.8 38
5 0.8 60 5.4 13.6 -3.8 -11.8 3.7 26.4 34
6 SN 48 9.5 16.5 1.3 -4.3 3.7 28.7 48
7 5.6 69 8.5 11.5 2.9 -0.8 3.4 27.8 220
8 4.2 B4 6.5 10.0 2.2 -2.3 2.3 24.5 125
9 2.6 82 5.1 13.1 0.1 -b.4 2.3 16.0 152
10 -9.2 64 -6.2 6.1 -13.5 -21.1 3.0 31.5 27
The most striking feature of the temperature 157 C15
] L
climate in Tarfala during the last year was the . 05 2_10
unusually warm winter (Figures 1 and 2). The
mean temperature for the winter (here defined as 5 =
October to April) was -6,5 °C (Table 1). This was ] =
. . . 0 A -0
the warmest winter yet since records of the winter : -
temperature were begun in 1965. The coldest -5 1001 -92 - -5
winter month was in fact April.
-104 --10
The warmest summer month was June; E o
. ] 1085-90 E
especially the first half of June was warmer than 15 E 15
normal (Fig. 2). The maximum summer ] SEP OCTHOVDEC JAN FES MARAPR MAYJUN JUL AUGSEP |
-20 P el i e’ S i s P ‘s A IS [ -20

temperature, 16,5 °C, occured on June 11. This

1991 1992

was a period when the whole country had

unusually warm weather. Both July and August
were colder than normal (Fig. 1). Snow fell on the

glaciers on several occasions throughout the

to be "normal"’ and are the reference.

Figure 1. Difference between the temperatures
during the mass balance year 1991-92 and the
temperatures from 1965-90, which are considered




DAILY MEAN TEMPERATURES AT TARFALA 1991-92
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Figure 2. The winter 1991-92 was the fourth
mildest winter in a row with daily mean
temperatures around zero degrees at several
occasions. The coldest temperature of the winter,
-22,1°C, was recorded on 22 April (Appendix 3).

The mean temperature of the mass
balance year 1991/92 was -2,2 °C, which is one of
the highest annual temperatures recorded since
1965. The normal annual mean temperature
(1965-90) is -4,0.

300
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Figure 3. Monthly precipitation as registered by
the datalogger.
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Figure 4. Daily precipitation from May 1 to
October 31.

June was exceptionally dry with only 48
mm of precipitation, of which about 30 mm fell
during one single rainstorm. The wettest month
during 1992 was July, with 220 mm of
precipitation (Fig. 3).

As reported in the 1990-91 Annual Report,
December 1991 was an extremely windy month,
with the highest wind speed ever recorded in
Tarfala, 69 m/s (Grudd 1992, Karlén 1992).
However, January 1992 was even more extreme.
The average wind speed for the month was 7,4
m/s. During 17 days the daily maximum wind
speed exceeded 30 m/s and two of those days
experienced winds over 60 m/s (Appendix 3).

REFERENCES

Grudd, H., 1992: Meteorologiska observationer 1
Tarfala 1991. In Annual Report 1990-1991,
Grudd, H., ed., Dept. of Physical Geography,
Stockholm University, Forskningsrapport 92: 14-
19.

Karlén, W., 1992: Blasigt i fjallen. Vider och
Vatten, Mars 1992, SMHI: 17.
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MASS BALANCE OF RABOTS GLACIAR 1991/92

Axel Bodin

SUMMMARY

The mass balance was measured on Rabots glaciér in the spring and in late August. Probing in
98 points on the 13th and 14th of May resulted in the calculation of a winter balance of 1,65 m
water equivalent (w e). Four stakes were drilled down and one old stake proved to be useful
for ablation measurements. The summer balance is based on measurements of these 5 stakes
and mapping of the transient snow line on the 19th of August. As ablation continued long after
the glacier was visited, an extra 20 cm w ¢ is added to the ablation, an estimate based on
measurements on Storglacidren. This gives a total of 1,54 m w e ablation and thus the net

balance is 0,11 m w e.
MASSBALANSMATNINGAR 1992

Rabots glacidr besoktes den 13:e och 14:e maj

varvid  vinterbalansen  bestdimdes  genom
snddjupssonderingar 1 Medel-
densiteten var 0,47 g/cm3 vid "Svarta viggen".
Fyra nya stakar borrades i och en gammal stake
pétréffades Den

ackumulationen var 1,65 m vattenckvivalent (v ¢).

98 punkter.

och miittes. totala

Avlisningar av fem stakar utgdr jémte
kartering av den temporira snogrinsen den 19/8
underlag for berikning av sommarbalansen.
langt in i
september har ett paslag av 20 cm ablation gjorts

Eftersom smiltningen fortgick
utifrén mitningar pd Storglacidren under denna
tid. Den totala ablationen 4r ddrmed 1,54 m v e
vilket gor att nettobalansen 4r 0,11 m v e.

3
2 -
Accumulation
|
0
-1
-2 |- Net balance
-3 Ablation
_4 PN TN T TN SO N Y N TN 10 T TSN TR MO L )
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Figure 1. Accumulation, ablation and net balance
as a function of height.
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Table 1. Mass balance of Rabots glacier 1991/92.

Height
m a sl

-1100
1100-1120
1120-1140
1140-1160
1160-1180
1180-1200
1200-1220
1220-1240
1240-1260
1260-1280
1280-1300
1300-1320
1320-1340
1340-1360
1360-1380
1380-1400
1400-1420
1420-1440
1440-1460
1460-1480
1480-1500
1500-1520
1520-1540
1540-1560
1560-1580
1580-1600
1600-1650
1650-1700
1700-1750
1750-1800
1800-1850
1850-1900
1900-1950

Aug
Aug-sep:
Total:

3824.

Area
103m2

17.8
36.7
47.2
65.3
89.7
89.5
128.
169.
196.
222.
213.
135.
137.
235.
270.
216.
103.
109.
126.
147.
180.
211.
161.
98.
83.
64.
111.
65.
50.
13.
10.
10.
4.

VWWLWWLWUOUOUDMDATLOUEOOWLNOR WS OKFEOUUWON.N

(=)

3824.1

ELA = 1283 mdh
Net balance gradient, G

AAR = 71 %

Accumulation

103m3 mw e

15.6
32.1
41.3
57.1
78.5
81.
126.
186.
237.
279
296.
197.
200.
386.
480.
406
184.
202.
231.
270.
347.
429.
339.
216.
186.
146.
267.
158.
126
33.
25.
25
12.

WOOOWWONAONNFEFOIWVWOAANNWNOANOOO®

6309.4

6309.4

0.88
0.87
0.88
0.87
0.88
0.91
0.98
1.10
1.21
1.26
1.39
1.46
1.46
1.64
1.78
1.88
1.79
1.86
1.84
1.83
1.92
2.03
2.10
2.19
2.24
2.27
2.40
2.43
2.50
2.50
2.50
2.50
2.50

1.65

1.65

Ablation

3.3

10°m” mw e

57.8
119.3
153.4
212.2
283.5
264.9
319.4
367.1
392.4
336.1
266.3
168.9
172.4
289.8
300.2
189.6

95.3
104.4
120.2
114.9
135.6
158.6
121.1

74.1

62.5

48.5

83.7

48.9

37.9

10.1

7.7
7.7
3.7

5128.2

764.8

5893.0

3.25
3.25
3.25
3.25
3.16
2.96
2.49
2.16
2.00
1.51
1.25
1.25
1.25
1.23
1.11
0.88
0.93
0.96
0.95
0.78
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.76

1.34
0.20
1.54

103m3

-42.2

-87.2
-112.1
-155.1
-205.0
-183.1
-193.4
~-181.1
-154.6

-56.4

30.1
28.1
28.3
96.5

180.3
217.1

89.3
98.2

111.6
156.0
211.9
270.5
218.1
142.7
124.1

98.2

184.1
109.4

88.4
23.7
18.1
18.1

8.6

1181.2

416.4

0.75 m/100m (d1700/1200)

Net balance

w e

-2.37
-2.38
=231
-2.38
=229
-2.05
-1.51
-1.07
=0.79
-0.25

0.14
0.21
0.21
0.41
0.67
1.00
0.87
0.90
0.88
1.06
1.17
1.28
1.35
1.44
1.49
1.52
1.65
1.68
1.75
1.76
1.76
1.76
1.74

0.31

0.11

G is calculated as the gquotient between the intervals 1650-
1700 masl and 1180-1200 masl:
G = (1.68-(-2.05))/(1700-1200)

ELA is calculated lineary between 1260 masl and 1300 masl,
which also gives AAR:
ELA = ((1290-1270)*0.25/0.39)+1270

11
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Figure 2. Accumulation and ablation on Rabots
glacier 1991/92.
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A THREE YEAR STUDY OF THE MASS BALANCE OF

MARMAGLACIAREN
Axel Bodin

ABSTRACT

Mérmaglacidren is located about 30 km north of Tarfala in the M&rma massif. For the last
three years mass balance surveys have been conducted there. The results are significantly

different compared with those from Storglacidren. The net balance has been almost constant

from year to year. During the three years of study the accumulation varied between 1,15-1,30

m water equivalent (w €) and the ablation varied between 1,20-1,40 m w e. Consequently, the

net balance is close to zero or slightly negative for the three year period. The net balance

gradient is low (0,5 m/100 m), and so is the accumulation, indicating a far more continental

climate in the Marma massif than in the Kebnekaise massif.

MARMAGLACIARENS
MASSBALANS 1991/92

Miarmaglacidren besoktes den 16/4 varvid
vinterbalansen  bestimdes.  Snosonderingar
gjordes i 113 punkter och densiteten bestimdes
vid den oversta av de tre stakar som borrades
ned. Medeldensiteten var 0,45 g/cm3. En gammal
stake  4terfanns ocksd och mittes in.
Ackumulationen bestimdes till 1,21 m vatten-
ekvivalent (v €). Med ledning av mitningar pa
Storglacidren har totalt 10 cm v e adderats till
ackumulationen for perioden april-maj. Den
totala vinterbalansen var séledes 1,31 m ve.

Den 2/9 besoktes Marmaglacidren &ter
varvid stakarna lidstes av och den temporira
snogransen karterades. Den totala sommar-
balansen berdknades uppgé till 1,22 m v ¢ och
nettobalansen var sdledes 0,09 m v e.

MARMAGLACIAREN 1990-92

Tre ars mitningar pd Mérmaglacidren har visat
en forbluffande likhet i sdvil ackumulation som
ablation. Ackumulationen tycks vara ca en meter
v ¢ ligre 4n pd Storglacidren och ablationen
mellan 1,2 och 1,4 m v e, ca 0,25 m v e ligre 4n pa
Storglacidren. Skillnaden i massbalans mellan de
tre &ren ar pafallande liten och totalt har
Miérmaglaciirens massa minskat med
motsvarande 9 cm v e/ar, att jaimfora med
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Storglacidren vars massa okat med motsvarande
55 cm v e/ar!

Maérmaglacidrens nettobalansgradient ar
mycket 14g, endast ca 0,5 m/100 m. Detta, jamte
den lga massomsittningen, tyder pa att klimatet
i Marmamassivet ar betydligt mera kontinentalt
4n 1 Kebnekaisemassivet.

Table 1. The mass balance of Marmaglacidren
during the last three years.

Year Winter Summer Net  ELA Net balance
balance balance balance gradient

mwe mwe mwe masl m/100m

89/90 129 1,40 -0,11 1624 0,41
90/91 1,15 1,39 -0,24 1624 0,47
91/92 131 1,22 0,09 1539 0,54

Den liga ablationen massbalansiret 91/92
resulterade i en dramatisk sinkning av
jamviktslinjen och en motsvarande Okning av
ackumulationsomradets teoretiska  storlek i
forhallande till den totala arean (AAR). AAR var
endast 21 % &ren 89/90 och 90/91 men hela 51
% innevarande 4r. Detta paverkar dock
nettobalansen mycket lite, vilket tydligt framgar
dd nettobalansen betraktas som funktion av
hojden (fig 1). Massbalanstabeller for samtliga
tre ar dterfinns i appendix 4.
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Figure 1. Net balance of Mirmaglacidren the
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A THREE YEAR STUDY OF THE MASS BALANCE OF

KARSAGLACIAREN
Axel Bodin
ABSTRACT

Mass balance measurements, one of a number of measurements made of Kérsaglacidren, have
been carried out for the last three years. Even though the general trend (i ¢ net balance) is
comparable with Storglacidren, Karsaglacifren has a quite unusual distribution of
accumulation and ablation, resulting in an extremely low net balance gradient. The net balance
has been positive for the last three years, giving a total net income of 1,12 m water equivalent.
Slightly positive net balances were recorded for the 1989/90 and 1990/91 budget years, while
the last glaciological year, 1991/92, showed a gain of 0,87 m water equivalent. This means that
almost the entire glacier was snow-covered by the end of the ablation season 1992.

The net balance gradient ranges between 0,4 and 0,5 m/100 m, which is approximately
the same value as that calculated for the years between 1942 and 1948 (Wallén, 1948), A major
study concerning the reaction of Karsaglaciéren to the 20th century climate is in preparation.
This work is based on ice velocity measurements, radio-echo soundings, field measurements
and aerial photographs, as well as on lake sediment corings and the mass balance
measurements presented here.

KARSAGLACIARENS
MASSBALANS 1991/92

Vinterbalansen bestimdes efter tvd besok under
véren -92.
redan i slutet av mars. Densiteten var di 0,46

Sonderingar i 79 punkter gjordes

g/cm3. En kompletterande sondering i 35 punkter
jamte stakavlisningar (8 stakar borrades ned i
mars) gjordes den 10 maj. Som densitetsokning
antogs virden frdn Storglacidren for samma
tidsintervall,. Den totala ackumulationen &r
beriknad till 2,26 m ekvivalent vattenméngd (v €).

Ackumulation,

/
1992/ L

{"ﬁ\{ :\h {
&
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—
) k-
150-200

1000m

Figure 1, Accumulation (left) and ablation (right)
on Kérsaglacidren 1991-92.
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Ablationen baseras pa stakavlasningar den
10 augusti och den 15 september. Dessutom
fotograferades glacidren vid en forbi-flygning den
2 september. Nistan hela glacidren var snotackt
fram till september. Totalt var ablationen 1,39 m
v ¢ och nettobalansen sdledes 0,87 m v e.
Jamviktslinjen berdknades till 1088 m 6 h och
nettobalansgradienten var 0,40 m/100 m. I sin
helhet  presenteras  massbalansmétningarna
1991/92 tillsammans med de bdda foregéende
4rens mitningar i Appendix 5.
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DISKUSSION

Table 1. The mass balance of Kérsaglacidren
during the last three years.

Year Winter Summer Net  ELA Net balance
balance balance balance gradient
mwe mwe mwe masl m/100m

89/90 2,11 1,93 0,18 1088 0,49
90/91 1,86 1,79 0,07 1144 0,39
91/92 226 1,39 0,87 1012 0,40

Sommarbalansen #r vil korrelerad med sommar-
medeltemperaturen  vid  den  nirliggande
meteorologiska stationen i Katterjikk (Wallén
1948, Bodin 1991). Nederborden under vinter-
halviret gir dock inte att korrelera pé
motsvarande sitt, varfor nettobalansen inte med
nigon storre sikerhet kan utldsas ur klimatdata
frin SMHI. Diremot tycks ackumulationen
samvariera med motsvarande métningar pa Stor-
glacidren, dvs att hog ackumulation pd Stor-
glacidren har en motsvarighet i hog ackumulation
pA Kirsaglacidren och vice versa. De tre ir som
studerats ar dock inte ett tillrackligt underlag for
en sidan slutsats. Det &r siledes befogat att
ytterligare i ndgra 4r mita massbalansen pd
Kérsaglaciiren.

1

Med en lingre sammanhingande
massbalans-seric kan ett eventuellt samband
mellan Storglacidren och Karsaglacidren befastas.
Detta skulle vara till stor hjalp for pagiende
modellerings-forsok av Kérsaglacidren (Bodin, in
prep).
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MASS BALANCE OF TARFALAGLACIAREN 1990-92

Hikan Grudd

INTRODUCTION

Tarfalaglacidren is a relatively small and steep glacier on the eastern slope of the ridge
between Tarfalapakte and Tarfalatjikka, two summits east of Tarfala valley. The glacier is
located between 1390 and 1730 m a.s.l. and covers an area of 0,86 km? (Holmlund 1987). Its
average slope inclination is 20 degrees. There are no cirque walls surrounding the glacier but

although it is small in size, it has some impressive ice-cored moraines (Ostrem 1962). The
glacier is believed to be to a great extent frozen to its bed (Grudd 1990). The mass balance of

Tarfalaglaciiren has been measured since 1985.

1989/90

The winter balance was measured on May 31.
Snow depths were measured at 35 points and the
snow density at one site. A PICO auger was used
during the density measurements. The mean
snow density was 0,50 g/cm? and this was
considered to be representative for the whole
glacier. The winter balance (By) was calculated
to be 1,795 10% m3 w.eq. (water equivalent) or
2,09 m w.eq. as an average value for the glacier
surface (by).

The summer balance was calculated by
measuring ablation at five points on the glacier.
Three stakes were drilled down into the ice on
May 31 and, in addition to this, two points at a
known distance from the stakes were used. The
ablation and the density of the remaining snow
were measured on September 9. The density was
0,58 g/cm3. A linear relation was assumed
between ablation and altitude (Schytt 1967). With
a simple linear regression analysis of the ablation
data, the ablation gradient was calculated to be
0,47%102 m/m (Fig. 1). The summer balance was
2,09 m w.eq. (Tab. 1).

Tarfalaglacidren had no net change of
mass during the balance year 1989/90. The nect
balance calculated as the difference between
winter balance (By) and summer balance (Bg)
was -2100 cubic metres w.eq. (Tab. 1). This is
well within the limits of the errors and is
considered to be zero. The equlibrium line
altitude was 1510 m.

TARFALAGLACIAREN 1988/90
Mass balance
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Figure 1. by = summer balance, by, = winter

balance and by = net balance as a function of
altitude. Squares represent the ablation at
different points (stakes).
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Table 1. 1989/90

Altitude Winter balance Summer balance Net balance
interval Area Bw bw Bs bs 8n bn
[m a.s.l] [10°m21  [10°m)  [m} (10°m*] [m) [10°m?] [m]
1710 - 1730  23.0 34.8 1.51 28.1 -1.22 6.6 0.29
1690 - 1710 19.0 29.2 1.53 5.4 -1.33 3.8 0.20
1670 - 1690 30.0 51.0 1.70 42.3 -1.41 8.7 0.29
1650 - 1670 34.0 59.3 1.74 50.8 -1.49 8.4 0.25
1630 - 1650 25.0 43.4  1.73 40.0 -1.60 3.4 0.14
1610 - 1630 50.0 98.3 1.97 85.0 -1.70 13.3  0.27
1590 - 1610 51.5 132.1  2.57 91.6 -1.78 40.5 0.79
1570 - 1590 46.5 115.5 2.48 87.2 -1.88 28.3 0.61
1550 - 1570 50.0 104.5 2.09 97.9 -1.96 6.6 0.13
1530 - 1550 59.0 146.5 2.48 119.9 -2.03 26.6 0.45
1510 - 1530 73.5 159.1  2.17 157.9 -2.15 1.3 0.02
1490 - 1510 79.0 175.1  2.22 177.2 -2.24 -2.1 -0.03
1470 - 1490 79.0 177.5 2.25 184.9 -2.34 -7.4 -0.09
1450 - 1470 80.5 167.8 2.08 196.7 -2.44 -28.9 -0.36
1430 - 1450 77.0 149.5 1.9 195.6 -2.54 -46.1 -0.60
1410 - 1430 62.0 112.5 1.81 162.5 -2.62 -50.0 -0.81
1390 - 1410 20.0 39.3  1.96 54.1 -2.71 -14.9 -0.74
1390 - 1730 859.0 1795.0 2.09 1797.2 -2.09 -2.1 -0.00
Table 2. 1990/91

Altitude Winter balance Summer balance Net balance
interval Area bw Bs bs Bn bn

Bw
ma.s.l1 (10°m?]1 [10°m*] (m] 110°m*]  [m) [10°m*]  (m}

1710 - 1730  23.0 28.5 1.24 33.2 -1.44 -4.7 -0.21
1690 - 1710 19.0 2.9 1.3 28.3 -1.49 -3.3 -0.17
1670 - 1690 30.0 43.0 1.43 45.5 -1.52 -2.5 -0.08
1650 - 1670 34.0 60.1 1.77 52.8 -1.55 7.3 0.21
1630 - 1650 25.0 41.4  1.66 39.9 -1.59 1.5 0.06
1610 - 1630 50.0 91.1 1.82 81.8 -1.64 9.3 0.19
1590 - 1610 51.5 110.2  2.14 85.9 -1.67 26.3  0.47
1570 - 1590 46.5 102.8 2.21 79.4 -1.71 23.5 0.50
1550 - 1570 50.0 106.9 2.14 87.0 -1.74 19.8  0.40
1530 - 1550 59.0 137.5 2.33 104.5 -1.77 33.1  0.56
1510 - 1530 73.5 163.3 2.22 133.6 -1.82 29.7 0.40
1490 - 1510 79.0 165.9 2.10 146.7 -1.86 19.3  0.26
1470 - 1490 79.0 157.1  1.99 149.8 -1.90 7.3 0.09
1450 - 1470  80.5 162.2 2.01 156.0 -1.94 6.2 0.08
1430 - 1450 77.0 139.2  1.81 152.2 -1.98 -13.1 -0.17
1410 - 1430 62.0 107.8 1.74 124.6 -2.01 -16.8 -0.27
1390 - 1410  20.0 3.9 1.75 40.9 -2.04 -6.0 -0.30

1390 - 1730 859.0 1676.8 1.95 1541.9 -1.79 134.9 0.16

Table 3. 1991/92

Altitude Winter balance Summer balance Net balance
interval Area Buw bw Bs bs Bn bn

[m a.s.l]1  110°m]  [10°m*) (m] [10°m’]  [ml 10°m*y  [m

1710 - 1730 23.0 42.0 1.8 18.2 -0.79 23.7 1.03
1690 - 1710 19.0 35.2 1.85 15.8 -0.83 19.4  1.02
1670 - 1690 30.0 52.5 1.75 25.8 -0.86 26.7 0.89
1650 - 1670 34.0 75.6 2.22 30.3 -0.89 45.3 1.33
1630 - 1650 25.0 58.2 2.33 23.2 -0.93 35.0 1.40
1610 - 1630 50.0 121.8  2.44 48.2 -0.96 73.6 1.47
1590 - 1610 51.5 144.8 2.81 51.2 -0.99 93.7 1.8
1570 - 1590 46.5 130.9 2.82 47.8 -1.03 83.1 1.79
1550 - 1570 50.0 131.4 2.63 52.9 -1.06 78.5 1.57
1530 - 1550 59.0 169.0 2.86 64,0 -1.08 105.0 1.78
1510 - 1530 73.5 198.1 2.70 82.8 -1.13 115.3  1.57
1490 - 1510 79.0 211.2  2.67 91.7 -1.16 119.5  1.51
1470 - 1490 79.0 202.2 2.56 94,5 -1.20 107.7  1.36
1450 - 1470 80.5 194.3 2.41 99.3 -1.23 95.0 1.18
1430 - 1450 77.0 164.9 2.14 97.7 -1.27 67.3 0.87
1410 - 1430 62.0 140.6 2.27 80.5 -1.30 60.2 0.97
1390 - 1410 20.0 49.4  2.47 26.6 -1.33 22.8 1.14
1390 - 1730 859.0 2122.2 2.47 950.5 -1.11 N71.7 1.36
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1990/91

The thickness of the snow cover was determined
at 92 points on May 17-19 and the density was
measured to 0,48 g/cm3 at one point. The winter
balance was calculated to 1,95 m w.eq. (Tab. 2).

TARFALAGLACIAREN 1980/91
Mass balance
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Figure 3. by = summer balance, by, = winter
balance and by= net balance as a function of
altitude. Squares the ablation at
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Six stakes used for ablation

measurements made between May 19 and

were

September 14. The density of the remaining snow
was 0,60 g/cm3. A linear regression gave an
ablation gradient of 0.19*102 m/m (Fig. 3). From
these data the summer balance was calculated to
1,79 m w.eq.

The net balance was +0,16 m w.eq. and
the equlibrium line altitude was 1450 m.
Allthough the change in net balance since the
year before was minor, there was a considerable
drop in the ELA, leaving only a small area of the
glacier with a negative net balance (Fig. 4).

1991/92

A snow-thickness survey of 60 points was carried
out on May 25. The snow density was determined
to 0,52 g/cm> at one point. The winter balance
was calculated to 2,47 m w.eq.

TARFALAGLACIAREN 1991/92
Mass balance
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different points (stakes).

Squares represent the ablation at

The summer balance was calculated using
the data from four ablation stakes drilled into the
ice in May. The stakes were remeasured on
September 9. At that time the snow had started to
accumulate again. This new snow has not been



considered in the mass balance calculations for
1991/92. The ablation gradient for 1992 was
0,17%102 m/m (Fig. 5) and the snow density was
estimated to 0,65 g/cm3. The summer balance
was 1,11 m w.eq. (Tab. 3)

The net balance was positive: +1,36 m
w.eq. This is the highest value obtained since
mass balance measurements were begun on
Tarfalaglaciaren.

Tarfalaglaciiren is a glacier with typically
low net balance gradients (Figures 1, 3 and 5).
This has some very interesting implications when
the net balance gradient is considered, i.e. a small
change in net balance results in a large shift in the
position of the equlibrium line. This is
demonstrated in figures 2 and 4. An extreme case
occured in 1991/92, when the whole glacier
surface turned into an area with positive net
balance (Fig. 6). This was also the case in
1988/89 (Grudd 1991). The other extreme
occured in 1987/88, when the whole glacier
surface had a net loss of mass (Grudd 1989).
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Figure 6. Net balance (Bj,) and area as a function
of altitude.
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STUDIES OF WATER IN THE FIRN AREA OF STORGLACIAREN

Thomas Schneider

ABSTRACT

During the summer 1992 an investigation was carried out to study water in the firn area of

Storglacidren. The firn layer was examined by making a pumping test, a dye-tracer test, radio

echo soundings and core drillings. The border between firn and ice was found at a depth of

about 20 m. The velocity of water seeping through the firn layer was 4 meters per day. The

core drillings revealed that the firn was interspersed with quite a few ice lenses. The radio echo

soundings roughly showed the stratification of the firn.

INTRODUCTION

the
metamorphosis of snow to ice. Snow transforms

Firn is an intermediate stage in
into grains of firn due to repeated thawing and
refreezing. The space between these grains gets
smaller with increasing depth because of the
pressure of the overlying snow and firn. These
spaces are filled with air, or on temperate glaciers
during summer, with water. A firn layer is
therefore comparable to a porous groundwater
aquifer. The amount of stored water in the firn
area of a glacier is still uncertain in glacier
'1992 an
measuring program was performed in

intensive
the
accumulation area of Storglacidren. About 15

hydrology. In summer

holes were drilled to register the fluctuations of
the waterlevel in the firn. A pumping test and a
dye-tracer test were carried out to determine the
hydraulic parameters of the firn aquifer. Two
holes were drilled to examine the stratification
and density of the firn layer. Several radio-echo
soundings were carried out to test whether it was
possible to detect the firn stratification or the
water saturated zone.

MATERIAL AND METHODS
Investigation area and drillings

The centre of the investigation area (BH 0) was
located in the accumulation area about 60 m NE
of stake 29, near Svarta Viggen (Fig 1). This part
of the glacier slopes only slightly and therefore
the horizontal flow rate of the water is small. In
addition, this area is relatively little crevassed, so
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the possibility of water draining through englacial
or subglacial channels was small. About 15 holes
were drilled with an electrical melt drill having a
diameter of about 4 cm. The depth of the holes
ranged between 21 m and 30 m. These holes were
used as piezometers for daily waterlevel
measurements. They were located in the shape of
a cross with a diameter of 30 m (Fig 1). The
drilling velocity is a function of the density of the
firn, Thus, the change in the drilling velocity with
depth was asssumed to reveal the border between

firn and ice.

| BH7 BHO
| @ o R g

Jsm  7m 3m 10m 3m  ?m

= Pumphole, core driling 1, @ 22 cm, 3-21 July 92
o Coreddling 2, @ 11 ¢m, 54 September 92
‘% Plerometes, @ dem

e — =

Figure 1. The investigation area on Storglaciiren,

To determine the density of the snow and
the firn and to gain knowledge about the
stratification of the firn layer, two core drillings
were performed. The first core was drilled in July,
with an electrical melt drill designed by Veijo



Pohjola. The hole and the core were 20 cm and
14 c¢m in diameter, respectively. A depth of
almost 23 m was reached. The second core
drilling (5-6 September) was carried out with a
PICO auger, obtaining a core of 7,5 cm and a
hole of 11 cm in diameter, reaching a depth of
about 17 m.

Monitoring the water level in the firn

The smaller holes (4 cm in diameter) were used
to determine the water level in the firn. The goal
was to measure the water level every day but
because of refreezing or blocked boreholes this
was not always possible. In three of the holes
pressure transducers were installed measuring the
water level every minute, with an accuracy of 1
cm. A Campbell CR 10 datalogger stored hourly
mean values.

Pumping and dye-tracer tests

During the pumping tests a pump was lowered
down to the bottom of the central bore hole (BH
0) and the water was pumped 80 m away from the
investigation area. The first test was carried out
with similar pumping rates as those used by
Schommer (1978) and Oerter (1981) on glaciers
in the Alps. It was found that these rates were far
to high, so a more suitable pumping rate had to
be found. The test on July 30 has been analysed.
The pumping time was 200 minutes and the mean
pumping rate amounted to 0,243 liter per second.
The waterlevel in four piczometers and in the
pumping hole was measured every minute with
pressure transducers and a data logger. During
another test, Fluoresceine and Rhodamine B
were injected into two piezometers, located 3 m
and 7 m away from the central hole. Samples
were taken at the tube during the following
pumping tests.

Radio-echo measurements

An attempt was made to detect the stratification
of the firn by using the radio-echo technique

22

described by Holmlund & Eriksson (1989). On
several occasions radio echo soundings were
carried out. The first two profiles of every
measuring procedure were sitvated along the
borehole lines of the pumping test area. The third
profile was a straight line between stake 29 and
stake 27. A total of 8 radio-echo soundings per
profile could be carried out in August and in the
beginning of September. Seven radio-echo
soundings were performed with a centre
frequency of 895 MHz and a bandwidth of 250
MHz. One sounding was carried out with a
frequency of 1500 MHz and a bandwidth of 200
MHz. The soundings will be calibrated using the
results from stratification studies of firn cores and

the water level measurements already described.
RESULTS
Drilling velocity of the electrical melt drill

The drilling velocity plotted against depth (Figure
2) showed a relatively constant velocity between 5
m and about 15 m and between 20 m and 30 m.
The firn-ice border was assumed to be located
between 18 m and 20 m. The core drilling
confirmed this assumption.
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Figure 2. Drilling velocity at BH 9, July 11.
Core drillings

The core drilling 5-6 September (C2) revealed
many ice lenses in the firn layer (Figure 3). In the
core from C2, three debris layers were detected.
Together with the debris layers from the core at



BHO a total of five summer layers (1991-1987)
were detected. The difference between the
summer layers at C2 and BHO was probably
caused by ablation or compaction processes
during the time between the two core drillings.
The core drilling at BHO was carried out between
July 3 and July 20. The constant density below 16
m was probably caused by water saturation of the
firn. Below 20 m in BHO, blue ice dominated, but

thin firn layers were found.
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Figure 3. Core drilling C2. Density and summer
layers.

Monitoring the water level in the fim

The water level in the fin was at the beginning of
the measuring campaign between 17.5 m and 19
m below the glacier surface. This corresponded to
an aquifer thickness of 2.5 and 1 m, respectively.
The maximal thickness in the beginning of
September was 4-5 m (Figure 4).

Radio-echo measurements

Some of the radio-echo measurements showed
clear stratifications in the firn layer. It is mot
obvious what this stratification represents.
Perhaps it will be possible to determine the depth
of the fim-ice interface and the thickness of the
aquifer. This would be a method to determine the
amount of stored water in the firn in a glacier

quite exactly.
Pomping test

The pumping test on July 30 yielded a
transmissivity of 2.56*104 m?/s. With an aquifer
thickness of 3.9 m the coefficient of hydraulic
conductivity was calculated to 6.56*10° m/s. The
storage coefficient was 3.49*10.
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Figure 4. Water level in the firn on Storglaciiren
near stake 29.
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CONCLUSIONS

It was shown that the drilling velocity obtained by
an electrical melt drill can be used as a methed to
roughly locate the transition between firn and ice.
To examine the stratification of the firn layer,
core drillings must be applied. The stratification
of the firn was quite surprising. The amount of
ice lenses in the firn layer was much higher than
expected. The velocity of the vertical percolation
of water through the firn can be estimated by
studying the response to precipitation events. In
the beginning of July the water level began to rise
4 days after a rainstorm. Assuming a constant
dynamic, the velocity was equivalent to about 4 m
per day. The coefficient of conductivity calculated
from the pumping tests agreed with the results of
Schommer (1978) and Oerter (1981) on alpine
glaciers. The dye-tracer experiment has not been
analysed yet.
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SURFACE VELOCITY, HYDROLOGY, AND DIRECT MEASUREMENT
OF SUBGLACIAL TILL STRENGTH AND DEFORMATION AT SITE S3,

STORGLACIAREN

Brian Hanson, Roger LeB. Hooke, Neal R. Iverson, Peter Jansson, and Hjalmar Laudon

INTRODUCTION

During the 1992 field season we concentrated our studies at a site in the lower part of the

ablation area of Storglacidren, about 600 m from the glacier terminus and above the exit from

a small overdeepening in the bed of this part of the glacier. We continued our efforts to obtain

continuous velocity measurements, to sample the subglacial till and probe its thickness, to
implant instruments in this till, and to make observations relevant to the hydrology of this part

of the glacier.

TILL RHEOLOGY

Deformation of subglacial till under low effective

stresses  has recently gained widespread
recognition as a possible mechanism for rapid
sliding of modern and former ice masses
(Boulton and Hindmarsh, 1987; Brown and
others, 1987; Alley and others, 1987; Alley, 1989,
1991; Kamb, 1991; MacAyeal, 1987; 1992).
Central to this problem is the need for a general
constitutive law for till that will define the
fundamental

effective pressure, and shear strain rate. Several

linkage between shear stress,
widely divergent constitutive relations have been
proposed (Boulton and Hindmarsh, 1987; Clarke,
1987; Kamb, 1991). None has gained widespread
acceptance due to a paucity of reliable field
measurements and directly applicable laboratory
results.

Previous work on Storglacidren has shown
that the glacier is underlain by a thin layer of till.
Measurements with small, dual-axis tiltmeters
demonstrated that till beneath the upper part of
the ablation area was deforming at a rate that
accounted for about 60% of the glacier surface
velocity. However, to constrain the constitutive
relation, shear stress must also be measured. This
is far more difficult. Estimates based on glacier
geometry yield only average values that may
deviate greatly from the local shear stress at the
point where deformation is being measured.
estimates based on

Furthermore, glacier

geometry yield no information on short-term
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variations that may result from changes in the
local coupling between the till and the glacier
sole. Thus, during the past summer we extended
our measurements of till deformation to the
lower part of the ablation area and also measured
shear stress directly with a new instrument, a
"dragometer".

INSTRUMENTATION

The dragometer was designed to measure shear
stress in till at the bottom of a borehole (Fig. 1).
A cylinder with conical ends, the "fish", was
dragged through the till by a thin cable that ran
horizontally through the till and then upward
through a pipe to a load cell. The sides of the
cylindrical part of the fish were roughened by
cementing till to them. The tangential force
supported by the roughened surface divided by
the surface area is roughly equal to the shear
strength of the till. Additional force, however,
results from form drag, which depends on the till
rtheology and scales with the cross-sectional area
of the fish. To determine the partitioning between
the frictional drag on the cylinder sides and the
form drag, another fish, consisting of base-to-
base cones, was constructed. In laboratory
experiments, both types of fish were then dragged
through till collected from beneath the glacier.
Experiments to date conducted over a range of
effective pressure from 1.0 to 12 kPa suggest that
about 30% of the drag results from friction on the

fish sides. Thus, from the total force on the fish, it



is possible to extract the component of the force
due to shear stress on the sides, and thereby,
estimate the till strength.

Hammer

Borehole Laad Cell

Cable

Insertion
sheath

Till

Bedrock?

Figure 1. Sketch of the apparatus for in situ
measurement of the Gl shear strength
immediately after insertion (left) and after
several days (right). An insertion sheath that
contains the instrument is driven into the till and
then withdrawn. The exposed pipe ploughs
through the till as the glacier moves, dragging the
fish behind it. The lower half of the pipe is about
19 mm in diameter.

The tiltmeters we used are similar to those
deployed by Blake and others (in press). Each
contains two flexible metal strips that are
orthogonally positioned and suspended from the
tiltmeter lid. The strips are weighted on their
ends so that they bend significantly in response to
tilting of the lid and housing. The bending is
measured with strain gages cemented to the
metal strips. The tiltmeters are inexpensive to
build and are capable of +- 1.0° accuracy. Those
used in 1992 were 25 mm in diameter and 85 mm
long. .

"Continuous” measurements of surface
velocity were made by determining the distance
between a point on stable material off the glacier
and a prism mounted on a stake at Site S3 (Fig.
2). Measurements were made at ten-minute
intervals. A computer-controlled electronic
distance meter (EDM) was used for the

measurements. A second such EDM, located at
site S2 just downglacier from the riegel, obtained
similar measurements of the change in distance
between S2 and S3 (Fig. 2). Based on these two
measurements, the speed of site S$2 was
calculated (Fig. 2).
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Figure 2. Speeds at stake S2 and and S3 in 1992,
and strain rate between the two stakes.

IMPLEMENTATION

During the 1992 field season, 14 boreholes were
drilled at Site 3. All holes were probed to
determine the till thickness, and thus also assess
their suitability for inserting instruments. The till-
thickness measurements were made by pounding
a slender "penetrometer" into the till. The
pounding technique used involved repeatedly
raising and dropping a weight on the instrument.
Two penetrometers were lost due to failure of
materials used in their construction.

During some penetrometer tests, the
relative stiffness of the till was determined while
probing. This was accomplished by recording the
depth of penetration for a given number of blows,
usually 25 or 50 (Fig. 3). The results from two
holes probed in this manner suggest that three
distinct layers may be present: a readily-
penetrated upper layer, a distinctly more compact
middle layer, and an even harder basal layer. The
upper layer can be explained in one of four ways.
It is either a layer disturbed by the drilling



Depth of penetration (cm)

operation, a layer that has become dilated during
till deformation, till squeezed up into the hole, or
till plowed up into the hole as the ice moves
across the bed.
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Figure 3. Till penetration curves for three
boreholes at site 3.

The tiltmeters and dragometers were
inserted with a different hammer than that used
for the penetrometer experiment. The cable
attached to the hammer was heavier than that
used previously in order to minimize twisting of
the hammer and instrument cables. The new
cable proved to be superior to the old one in this
respect, as no observable twisting occurred during
the insertion of the dragometers. During tiltmeter
insertion, however, there was some twisting,
presumably because the instrument cable for the
tiltmeters was lighter and more flexible than that
for the dragometers. Once this was recognized,
the
monitoring both cables and untwisting them as

problem was mitigated by carefully
necessary.
All logged on a

Campbell Scientific CR-10 datalogger, using a

instruments were

multiplexer unit to expand the number of input
channels on the logger.

800
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RESULTS

The velocity measurements revealed three major
peaks in speed associated with rain storms (Fig
2). Speeds are out of phase prior to the July 8/9
storm and approximately in phase after that time.
This curious behavior is not understood. These
velocity measurements will provide a foundation
for interpreting time series of the till shear
strength and deformation rate, although such
efforts are still in their early stages.
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Figure 4. Force on the "dragometer" in July-1992.
The force is proportional to the shear strength of
the till after the sharp increase in force on July
15.

The record from the dragometer is shown
in Figure 4. The sharp increase in force at about
noon on July 15 is inferred to be when the
instrument first began to measure the till
strength. Major storms with associated peaks in
surface velocity (Fig 2) occurred on July 15/16
and July 22/23, During both storms, as surface
velocity increased, the force on the instrument
decreased. This presumably reflects a reduction
in shear strength of the till, in both cases of =0.15
bars. As surface velocity decreased after these
storms, till strength appeared to increase. The
increases were 10.30 bars on July 16 and 0.55 bars
on July 23. Presumably increases in subglacial
water pressure associated with the increase in
water input to the glacier during the storms
decreased the effective pressure in the till. This

would reduce intergranular stresses and weaken



the till, and would thus be at least partially
responsible for the accelerations recorded at the
glacier surface.

The relatively steady force on the
instrument between July 17 and 22 corresponds
to a shear strength of =0.4 bars. This is consistent
with the value required to balance the applied
basal shear stress in this region, which probably
lies between 0.25 and 0.6 bars, based on a range
of possible shape factors for the valley cross-
section. The value is also consistent with the yield
strength of the till estimated using the till’s
geotechnical properties (determined in laboratory
direct-shear tests) and the effective pressure
inferred  from  subglacial ~ water-pressure
measurements in the region.

The record from one tiltmeter is shown in
Figure 5. Averaged over the period prior to the
storm of July 15/16, strain rates in the till were
small. Then during the storm, strain rates were
high and variable. The high-amplitude oscillations
during this storm result from fluctuations in the
output from only one of the tiltmeter axes,
however, and thus may not represent actual
fluctuations in strain rate. Following the storm,
strain rates declined and then began to increase
steadily, although there was not a general
increase in surface velocity at this time (Fig 2).
This suggests that an increased fraction of the
glacier’s basal motion may have been by till
deformation rather than by sliding at this time.
This would imply weakening of the till layer.
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Figure 5. Rate of shear strain in till beneath
lower part of the ablation area, as recorded by a
tiltmeter inserted in 0.34 m of till beneath 96 m of
ice in 1992,
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Hydrological observations documented
significant changes in the basal hydraulic system
during these experiments. Most of the holes at
Site 83 did not drain initially, indicating that basal
water pressures exceeded the overburden
pressure at least locally. In those holes that did
drain, water levels remained high. This is
consistent with observations in the large
overdeepening bencath the upper part of the
ablation area, but quite different from our
previous cxperience in the lower part. Then on
July 20, dirty water began to emerge from one
hole, and murky water was at the top of a second.
Frazile ice collected at the tops of these holes. On
July 21 a third hole was overflowing; the
discharge from it was estimated to be =1.6 1/s.
Apparently an hydraulic connection had become
established with the drainage system further
upglacier where the ice is thicker, perhaps on the
other side of the small overdeepening, and the
resulting hydraulic head was sufficient to force
basal water to the surface at S3. Such overflow
continued through July 22, and then on July 23 all
holes that were open had drained, and water was
flowing rapidly into one of them. We suppose that
the developing subglacial conduit system had
propegated further downglacier and a connection
to the terminus had become established. These
events may represent a regular stage in the
annual evolution of the conduit system to its late-
season configuration.

FUTURE ANALYSIS

Because changes in the velocity of the
dragometer fish should induce proportional
changes in shear strain rate in the adjacent till,
estimates of the fish velocity as function of time,
together with the variation in till shear strength
with time, will be used to evaluate this rate
dependence in the constitutive relation. Changes
in velocity of the fish can be estimated from
diurnal surface velocity variations which, during
the melt season, primarily reflect variations in ice
velocity at the bed. The velocity of the fish
relative to the adjacent till also depends on the



rate of deformation across the thickness of the till
layer. If we assume there is no till deformation
(an end-member case), then the relative velocity
of the fish is approximately equal to the sliding
velocity. If it assumed that all basal motion is by
till deformation and that this deformation is
distributed linearly across the till thickness, the
relative velocity of the fish can be calculated from
the depth of fish in the till. Therefore, using a
time series of the surface velocity, upper and
lower limits can be placed on the velocity
fluctuations of the fish as a function of time. The
resultant relationship between the fish velocity
and the shear strength of the till should allow us
to approximate the rate dependence in the
constitutive relation, just as Kamb (1991)
estimated it from shearing velocities and shear
strengths in laboratory tests.
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MEASUREMENT AND MODELLING OF ABLATION ON

STORGLACIAREN
Paul Cutler

INTRODUCTION

A meltwater input model for Storglaciiren is currently being constructed. This will be
used to drive a second model simulating the seasonal development of the internal

drainage network. The ultimate goal is to predict temporal variation of basal water

pressures. The melt model is based on standard energy balance equations as follows:

Qm = Q* + Qh + Qe + Qp

All terms are in Wm-2. Qm is energy available for melt, Q* is net radiation, Qh and Qe
are the sensible and latent heat energy, respectively, and Qp is the thermal energy

released by precipitation.
METHODOLOGY

The first stage of model development is
validation against measured ablation at a point.
At stake 16, in the centre of the ablation area,
a 60 day continuous record of net radiation, air
temperature, relative humidity and wind speed
was collected. These data can be used to
calculate ablation. During this period (July 1 -
September 2) ablation was measured using
three techniques: i) single stake, ii)
ablatometer, iii) distance from a horizontal
pole to the surface at 17 points spaced 10 cm
apart. The single stake and 17 point average
were measured daily whilst the ablatometer,
linked to a Campbell 21X datalogger, recorded
values at 15 minute intervals. The ablatometer
was designed to measure ice melt, therefore
the unusual occurrence of 7 periods of summer
snowfall on the ablation area prevented a
continuous data set from this instrument.
However, it performed well on ice.

Two additional weather stations were
employed to investigate longitudinal and lateral
meteorological gradients over the whole
glacier. This information is important in
establishing a spatially reliable melt model.
One of the stations was located in the centre of
the accumulation area, and the other was
positioned close to the terminus. This
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configuration provides about 40 days of
longitudinal gradient information, and 7 days
of data were obtained for a lateral transect
level with stake 16.

The input model will be of 100 m grid
square resolution, and values of surface
roughness and albedo are required for each
square. The latter was systematically obtained
close to each ablation stake in the ablation
area during a single 4 hour period, whilst the
former was measured regularly at stake 16 as
the snowline passed through.

Weekly dye traces were performed
using the same moulin each time (near stake
14) in order to demonstrate the seasonal
development of the drainage system. In
conjunction with these tests, discharge at
Sydjakk and Nordjakk was obtained using stage
recorders. Continuous data were collected
from July 3 until September 3.

RESULTS

Typically on temperate glaciers, solar radiation
provides the main source of melt energy.
Figure 1 shows that on Storglacidiren this is not
a reliable conclusion. On Julian Day (JD) 242
(August 30) there are equal contributions from
all three major energy sources (radiation,
thermal and latent heat), whilst on JD 243,
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following the passage of a cold front, radiation
does indeed dominate as a source of melt.
Energy released by precipitation is apparently
minor. Standard equations only consider
thermal energy, so the contribution of kinetic
energy release will also be looked at in this

project.

Figure 1. The relative contributions of net
radiation (Q*), sensible heat (Qh), latent heat
(Qe) and thermal energy from precipitation
(Qp), to the energy balance at stake 16,

The performance of the ablatometer is
demonstated in Figure 2. The temporal
variations of both calculated and measured
melt are in reasonable agreement. Divergence
between the two plots is probably associated
with local variations in the thickness of the
weathering crust (formed by internal melting in
the ice). The most encouraging part of Figure 2
is the similarity of cumulative melt values
between the calculated the
ablatometer, and the 17 point mean.

amount,

Further confirmation of the reliability of
standard melt equations comes from calculated
melt during a 30 day period between JD 207
and JD236. The measured value at stake 16
was 520 mm, compared with 552 mm predicted
by the model. This period contained 3 snowfall
events and prolonged periods of overcast cool
weather, which accounts for the small total
melt.
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Figure 2. Comparison of ablation measured
with the ablatometer with calculated values for
the same point (stake 16).
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Figure 3. Variation of albedo measured at
stake 16.

Temperature gradients over the entire
glacier have not yet been evaluated. However,
the difference between stake 16 and stake 29
130 m).
Figure 3 illustrates the type of albedo data set
which will be applied to each grid square (with
modifications for locally-measured absolute

was often 2 K (vertical difference =

values). The plot is surprisingly variable. Initial
values are for metamorphosed snow, and this
was underlain by an abnormally thick layer of
superimposed ice (30 cm at stake 16) which
became exposed on JD 195. Initially this layer
was saturated, but by JD 200 all that remained
were  granular these

white crystals, and
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elevated the albedo until JD 205. Glacier ice
was exposed on JD 205, and the range of
values (0.35 - 0.45) is quite high compared to
many other temperate glaciers. This causes the
reduced importance of radiative melt energy.
Three late summer snowfall events are evident
on Figure 3.The latest 2 effectively shut off
melt on the glacier for 3 -4 days each.
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Figure 4. Relationship between precipitation
and discharge from Sydjikk and Nordjdkk
during 1992

Figure 4 contains discharges from
Sydjdkk and Nordjékk, as well as precipitation
measured by a tipping bucket raingauge at
stake 16 (one of a network of gauges on the
glacier during 1992). The obvious relationship
between rainfall inputs and discharge in both
streams underlines the importance of
considering this parameter in any drainage
system development model. Results of two dye
traces spaced 16 days apart are displayed in
Figure 5. These data illustrate the increasing
efficiency of the system as the melt season
progressed. Time to peak shortens from 180
minutes to 120 minutes, and the spread of the
peak is greatly reduced. Trace S2 continued to

show for 24 hours in a gradually declining
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trend, however only the first 7 hours are
displayed here. These data were collected from
Sydjakk, and
Centrumjékk displayed identical return curves,

additional data  from

suggesting a division of the streams very close
to the terminus.
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Figure 5. Comparison of dye return curves
collected from Sydjakk on JD 191 (S2) and JD
207 (S4). The y-axis is normalized to mass of
dye injected and discharge.

CONCLUSIONS

Standard melt equations have been successfully
applied to predict melt on Storglaciiren. A
water input model for the entire glacier will
now be constructed. 60 days of continuous
meteorological data from three weather
stations collected during the 1992 melt season
establish

longitudinal gradients, and these will drive the

will be used to lateral and
model. The importance of precipitation as an
input cannot be overemphasized. This
parameter will be intensively examined in 1993.

A weather station at stake 16 was left
recording at 3 hour intervals from September
2. This will provide data for the remainder of
the 1992 melt season, and hopefully for the
initiation of melt in 1993, prior to our next
intensive effort.
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MEASUREMENTS OF pH VARIATIONS IN FRONT OF GLACIERS IN
THE ABISKO REGION

K. Auton, A. Bodin, L. Eckstein
ABSTRACT

Retreating glaciers leave behind large areas of bare ground which is vulnerable to weathering
as soon as it becomes exposed. Soil properties (c.g. pH) which change in time because of the
complex influences of weathering, could be used as indicators for measuring the ice recession.
In the investigations of Stork (1963) and Anton & Eckstein (1991), a rapid decrease of pH
during the first decades of exposure of the soil could be detected. The aim of the present study
was to investigate an area in front of the Kérsa glacier and some adjacent small snowfields
(former glaciers) to determine whether pH estimations of the upper soil could be used for
dating glacier recession during the last century.

For the “calibration" of the method, pH-measurements were conducted along a transect
in front of Kérsaglaciiren where the ice recession is very well known (Bodin 1991). With the
help of the data gained in this investigation another transect in front of Kérsaglacidren, and
two transects in front of Vuoitasritaglacidren and Kirkereppejokeln, will be dated.

INTRODUCTION

Kérsaglacidren is the only well known and well
documented glacier in the Abisko region. The
records covering front position data and other
measurements extend back to the beginning of
the century. Kérsaglaciéren reacts fast to climatic
events, which is at least partly due to its
topography. Centered around the Vuoittasrita
massif are a few small cirque glaciers that might
indicate how representative Karsaglacidren is in a
climatic context,
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(upper) and sampling sites in front of Kérsa-
glaciéren, with front positions (right).

The recession of these small glaciers may
be estimated through studies of air photographs
from 1943, 1959, 1978 and 1991. However, the
maximum extent of the glaciers at the beginning
of the century is not covered by any maps or
known photographs. Therefore, the technique
described here was tested on a ficld trip in
August 1992,

METHODS

Samples of the upper soil were taken irregularly
along the transects at plots which seemed to be
comparable and not too badly disturbed. Two
profiles perpendicular to the well known former
frontal positions of Kérsaglacidren was chosen.
Three or five replicates were taken and stored in

plastic bags. In the laboratory of the Abisko
Scientific Station the pH(H20) was estimated
using a HANNA pHep + -field pH-meter.




RESULTS AND DISCUSSION
The results of the pH-measurements of transect 1
are listed in table 1. Two plots had to be rejected

because of their irregularity.

Table 1. pH-data of transect 1 and the presumed

age of the soil.

plot pH SE n  age of soil
Kla 6.0 013 4 ¢ 200years
Kib 76* 004 5 c. 66years
Kic 6.7 006 5 c. 55years
Kid 7.0 006 5 c 47years
Kle 64* 004 5 c 25years
K1 f 1.0 004 5 c 18years
Kig 7.5 005 5 c Syears

* these figures were rejected because of their

irregularity.

When the pH-data are plotted as x-
variables against the presumed age of the soils,
plotted as y-variables, we can draw a quite
reasonable regression line through the points that
follow the formula y=979,26-133,663x. It should
nevertheless be noted that the regression-
coefficient of this line differs from that of a
possible regression line drawn on the basis of
data from samples collected in 1990, during which
moraines Kérsaglaciiren were investigated
(Anton & Eckstein, 1991).

The areca investigated during the recent
study seems to be much more heterogenous and
disturbed. Indeed, the meltwater running
perpendicular to the transects made difficulties in
finding good sampling sites and probably caused
an equalization of the pH-values along the
transects.

The results of the pH-measurements of
transect 2 are given in table 2. With the help of
the regression formula above, the age of the soil
in transect 2 can easily be calculated.

Table 2. pH-data of transect 2 and the calculated
age of the soil.

plot pH SE n age of soil

K2a 59 022 3 c. 191years
K2b 58 007 3 c. 204 years
K2¢ 63 009 3 c.137years
K2d 73 015 3 c¢. 4years

The data does not seem to be reliable, as
the ages of the first plots (K2 a, K2 b), which lie
at the 1909 ice front position and further towards
the placier, are overestimated, while the age of
plot K2 d, which lies far away from the recent ice
front, seems to be underestimated. Again, the
disturbing and equalizing influence of water
running over the plots - even if only seasonally - is
too great to get accurate results under these
conditions.

Other difficultics are the deviations of the
replicate measurements. A standard error of
+0,1 pH-units corresponds to a calculated age-
range of c. 26 years, which is quite a lot, when the
range of only a few decades is investigated.
Concerning the results of the two other glaciers
(Vuoitasrita-glacidren and Kirkereppejokeln), a
calculation of the ice recession is rejected because
even the data on the transects in front of
Kirsaglacidren do not seem to be comparable. In
front of Vuoitasrita-glaciiren, the pH-figures are
as a rule onme pH-unit below those of
Kérsaglaciéiren, which can only be explained by
different geological and/or climatical conditions
or a different genesis of the sites.
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CONCLUSIONS

Accurate and valid estimations of pH as a
measure of ice recession are dependent on two
main prerequisites:

1. Homogenous, undisturbed sampling sites. This
means either a large, more or less even forefield
or well developed moraines. Especially the
disturbing influence of large amounts of water
running over the soil should be minimized. Also,
uncqually distributed meltwater causes irregularly
changing pH-figures along the transect and
makes it impossible to decide which of the
estimated figures is "right" and which is "wrong".

2. Identical geological/climatological conditions
and developmental history of the sampling sites.

Under these conditions pH-measurements
can provide good data complementary to the
"traditional” lichenometric datings. The pH-data
has to be calibrated against the age of the soils, at
least in front of a new glacier with different
geological/climatological conditions. Thus, pH-
measurements can never be used as the only
method for dating the ice recession, nor replace
lichenometry.
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STUDIES OF LOCAL CLIMATE IN EMPTY GLACIER CIRQUES LOCATED

JUST BELOW THE GLACIATION LIMIT

Stig Jonsson and Peter Jansson
INTRODUCTION

The Swedish mountains contain a large number of
empty cirques that lack signs of Holocene glaciation.
The effects of glacial erosion during the Holocene in
such cirques have been seriously questioned, even
though small terminal moraines may be found in
some examples. The origin of these cirques is instead
believed to be due to mountain glaciation during the
initiation or the termination of an ice age or both.
These are thus considered to be a result of several
glaciations (see discussions in Bergstrom (1973),
Vilborg (1977), and Hoppe (1983)). Lately the idea
that glacial cirque-forms are produced by subglacial
erosion (Holmlund, 1991) has gained acceptance.
These studies have focused primarily on small cirque
forms that are not over-deepened and that lie outside
of mountainous regions.

Many of the empty cirque forms in the
Swedish mountains contain semi-perennial snow
patches. These might, of course, develop into cirque
glaciers if there were an increase in winter
precipitation or a decrease in summer temperature
or both. In order to assess the likelihood of initiating
a glacier in an empty cirque, the local climatic
conditions at present must be known. It is thus
important to know how much snow is accumulating
in the cirque during the winter and how this snow is
distributed. This local data must be accompanied by
knowledge of the larger scale weather patterns
during the winter which produce the measured
accumulation. It may then be possible to correlate
the large-scale winter circulation in the atmosphere
with the snow accumulation in the cirque. The
amount of melt taking place in these empty cirques is
obviously large enough to prevent glaciers from
forming. The current climatic conditions thus provide

a limit on the climate favouring glacier growth. By
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quantifying the current climate and by investigating
how quickly winter snow fall disappears, a model of
the mass balance of the cirque can be constructed.
The climatic conditions that caused the
cirques to form are not known to us today. However,
it is plausible that a study of local climate in empty
cirques just below the present glaciation level could
contribute to our understanding of their origin. This
would be particularly true if the study was reinforced
with numerical modelling experiments. In order to
achieve this, climatic data must be gathered in a
suitable cirque. The winter conditions are easily
determined by measuring the accumulated snow in
the cirque at the end of the winter season and by
monitoring the regional weather situation during the
winter. The important parameters for the summer,
and for melting in particular, are: temperature,
incoming and net radiation, wind speed and
direction. These parameters are easily obtained by
means of an automatic weather station and by
obtaining data from the Swedish Meterological and
Hydrological Institute (SMHI). Establishing a digital
terrain model of the cirque will facilitate the

modelling,

FIELD INVESTIGATIONS IN AUGUST
1992

In August 1992 a study of the local climate in an
empty cirque was initiated through a grant from the
Mannerfelt fund. The cirque is located in the centre
of the Rassepautasjtjdkka massif (68°05,18°50%)
approximately 70 km NE of Tarfala Research
Station. The highest peak in the massifis 1750 m a s
l. The highest peak in the vicinity of the smallest
glacier of the nearby Mérma massif is 1888 m a s |,
which indicates that the glaciation level in this area is

higher than 1750 m a s 1. There are several cirque




forms in the Rassepautasj massif, some very distinct.
The floors of these cirques are all located between
1200 and 1300 m a s 1.

Our primary objective was to establish a site
for an Aanderaa 2700 automatic weather station.
This station records barometric pressure, humidity,
incoming radiation, net radiation (incoming radiation
minus outgoing radiation), average wind speed,
maximum wind speed (in gusts), wind direction and
temperature (air temperature at 2 m above the
ground and soil temperature 0.5 m into the ground).
The station was erected on a ridge in the central
portion of the cirque (Figure 1). The station records
all parameters every three hours, according to
standard meteorological practise. Data are currently
being logged and will be collected during the spring

of 1993, when a snow inventory of the cirques in the

arca is planned.
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Figure 1. Map showing surveyed fixed points
(triangles numbered I-IX), and other surveyed
objects and profiles in the central cirque of the
Rassepautas massif. North is approximately parallell

to the x-axis.

In order to produce a geodetic basis for a
digital terrain model, a network of fixed points was

established by surveying. The surveying was done
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using a Geotronics 440 geodimeter. 9 fix points
referred to by Roman capital numerals, I-IX, were
established and surveyed (Figure 1). Eight of the
points, I-VIII, were located on large boulders on the
floor of the cirque. This was necessary because no
bedrock outcrops were to be found in these parts of
the valley. Fix point IX, however, was established on
bedrock on the valley side. Fix points VIII and IX
establish the base line for the local coordinate system
used in the cirque. Fix point IX is the origin of the
coordinate system. Since the local coordinate system
is not yet connected to the genmeral net used in
Sweden, Rikets Nit, its absolute elevation and
orientation are not known. An approximate elevation
was obtained by assuming that the water level in the
lake within the central cirque , 1247 m a s 1, was
provided accurately by the topographic map.

The central cirque and the cirque forms
located around the Rassepautasj massif were also
through
reconaissance by foot but also by aerial photography

visited and  photographed, partly
from a helicopter. Thus, the distribution of snow
patches in the different cirques were established. A
small snow patch located in the central cirque was
also mapped and studied by means of snow depth
probing and snow density measurements in a pit.

The central cirque form contains several
landforms that are of interest. An inactive alluvial fan
is located on the northern side of the lake (Figure 1).
Several surface profiles were surveyed on this fan. A
ridge consisting of ice and rock avalanche debris is
located in the inner part of the cirque (Figure 2). The
ridge contained large blocks of dirty ice and may
have a core consisting of a mixture of ice and rock
debris. The ice is likely to be older than that from the
previous winter. A large ridge, on which the weather
station was established, cuts across the cirque down
stream of the lake. This ridge was interpreted as a
terminal moraine from aerial photographs, although

its origin proved to be more complex and is not yet



understood. The upper surface of the ridge has a 20-
50 em thick layer of silty or sandy material. A sample
was collected for further analysis which is now in
progress. It is, however, clear from field inspection
that the material has a very low clay content.
Boulders and pebbles are dispersed on the surface
and throughout the silty/sandy matrix. This is not
typical of other tills in the area, although the rest of
the ridge seems to have a grain size ditribution
similar to such tills. Several linear depressions run
across this surface. These depressions have a larger
concentration of boulders and intersect at triple
junctions in a few locations. These forms are not well
understood either, although they resemble frost
wedge patterns. On the flank of the ridge lies a large
boulder exhibiting severe weathering. The boulder
has several weathering pits on its upper surface, one
of which is approximately 10 ¢cm in diameter and 3-5
cm deep. In spite of an effort to find similar rocks in
the valley, no other specimen was found. Therefore,
it is concluded that the rock may have been
transported from some bedrock window in the
Caledonides farther inland. Samples taken from the
rock have been identified as ultramafic intrusive,
containing a large percentage of pyroxene (J. Stout,
personal communication). The rock resembles
dunnite and is expected to weather rapidly. There is,
however, some question whether the weathering
phenomena on this boulder can be used to determine
its approximate length of exposure, and thereby
provide an estimate of the time since it was deposited
by a glacier.

This study will be continued during 1993. A
snow inventory of the cirques in the area is planned
for April/May. Further visits to the area for mapping
and snow melt measurements are planned for the

following summer.
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Figure 2. Surface profile through a ridge consisting of
ice and rock avalanche debris (ice blocks and rock
fragments) in the inner part of the central cirque of

the Rassepautasj massif.
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GLACIER FRONT OBSERVATIONS 1992

Per Holmlund

ABSTRACT

Eighteen glacier fronts were observed during the summer 1992. Seven of these were covered

by snow and could not be surveyed. Two glaciers, Isfallsglacidren and S.0. Kaskasatjikka-

glacidren, showed advanced front positions compared with last years survey. At S.0.

Kaskasatjékkaglacidren, only the western part was not covered by snow. The fronts of

Kérsaglacidren and Vartasglacidren was partially snow free, and the exposed parts showed no

sign of recession.

Dead-ice recession occurs at the front of Parteglacidren because of its thin tongue and

the undulating bed topography. A similar situation will soon occur at the front of

Vartasglaciéren, as small nunatakks are exposed close to the terminus of the glacier.

INMATNINGAR 1992
Norra Kebnekaise

Kirsaglacidren besoktes av Axel Bodin den 2
september. Glaciidren var fortfarande nistan helt
snotackt med undantag for ndgra smd ytor pé
tungan samt i nedre delen av ackumulations-
omradet. Fronten var synlig helt nira jokelporten.
Frontpositionen antas dirfor vara ofdrandrad
sedan foreglende &r. Glacidren fotograferades
fran luften 1992-09-02. '
Katotjdkkoglaciiren besoktes inte under
1992, men den fotograferades frén luften den 2
september. Dess front var framsmilt.
Marmaglaciiren besoktes och
1992-09-02 av Axel Bodin i
samband med att stakarna avlistes. Tungan var

fotograferades

till storsta delen framsmilt, medan fronten var
tackt av en smal string med sno.

Riukojietna besoktes och fotograferades
(frdn oster) den 1 september. Nedersta delen av
tungan var framsmilt, men fronten var innu tickt
av sno.

Passusglacisrerna overflogs den 16 augusti.
Ostra Passusglaciren var d& helt snoticke,
medan den Vistra Pissusglacidren hade ett
framsmalt parti nira fronten. Isfronten var inte
synlig. Den 1 september var den stra glacidren
forfarande snotickt, medan fronten av den vistra
hade smélt fram. Glacidrerna miittes inte in detta
ar.
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Riitaglacidrerna besoktes den 17 och 18
augusti av Karin Andersson, Karen Marvig och
Cecilia Richardsson. Unna Riitaglacidrens front
var helt snotickt medan Stour Riitaglacidren var
framsmalt. Mitningarna visar dock ingen retriitt
sedan 1991.

Centrala Kebnekaiseomradet

Fronterna p& Stor-, Kebnepakte- och

Tarfalaglacidrerna smilte inte fram denna
sommar. De observerades fram till den 15
september da Tarfalastationen stingdes.

Isfallsglacidrens front karterades den 1
september fran punkten Isfalls utlopp. Métningen
utfordes av K. Andersson, C. Richardsson och F.
Burstedt. I den sydligaste och higst beldgna delen
har fronten skjutit fram 20-25 meter sedan forra
aret. I den centrala delen, som ligger ldgst och
saknar rorelse har fronten retirerat 4-5 meter.
Ovanpd den forna nunatakken visar fronten en
svag framryckning pd i medeltal en meter.
Medelforiandringen for fronten blir +5 meter.

Rabots glacidr mittes in den 19 augusti av
K. Andersson, K. Marvig och C. Richardsson.
Fronten visade en retritt pd 14 meter sedan
augusti 1991.

Sydostra Kaskasatjakkaglacidren mittes in
den 9 september av P. Holmlund, A. Bodin, K.
Andersson och C. Richardsson. Den 8stra,
inaktiva delen av fronten var snétickt under hela
smiltsisongen. Den vistra delen av fronten



Norra Sarek

den 30
Instrumenteringen utgjordes av teodolit och
geodimeter samt GPS-utrustning. Mitlaget
bestod av P. Holmlund, A. Bodin, K. Andersson,
C. Richardsson och L. Lidstrom.
Vartasglacidrens front var framsmailt i sin
vastra del. Ett klipparti hade smilt fram vilket
inte har varit synligt tidigare. Fronten har varit

Norra Sarck besoktes augusti.

snotiackt under somrarna 1989-1991. Senast den
mittes in var 1984. Resultaten fran i &r visar en
total retritt pd ca 15 meter. Det &r svart att
faststilla en bra siffra dd det dels har skett viss
dodisavsmaltning 1 frontens centrala och véstra
del, dels var Ostra delen fortfarande snotickt vid
besoket. Merparten av den uppmitta retritten
har sannolikt 4gt rum somrarna 1985 och 1988.
Forindringen sedan i fjol antas vara lika med
noll.

Suottasglacidrens front var dnnu snotickt,
varfor glacidren fotograferades fran luften. Dessa
bilder antyder att nunatakken i isfallet har blivit
négot storre 4n den var 1990, d& denm senast
fotograferades. Det &r '
nunatakken som sjunkit ned. Snotickningen i

ispartiet nedstroms
ovrigt p& denna glacidr var betydligt storre i &r én
den var 1990 och av bilder att doma 4dven 1989,
som ju i dvrigt var ett rekordér vad snotickning
betraffar.

Ruotesglacidren karterades frdn en punkt
nira II-77. Fronten visade en retritt pd 21 meter
1989.
méttbandsmaittes 1991 var ca 7 meter.

sedan Forandringen sedan  den

Mikkaglacidren karterades frén en punkt
mellan II-75 och I-90. Gamla punkter karterades
med GPS, medan fronten karterades med
teodolit. Retritten sedan i fjol var 10 meter.

Ruopsokglacidren karterades frin en
punkt mellan I-89 och II-77. Avloppstunneln frén
issjotappningen 1985 har nu rasat samman. En ny
punkt (I-92) las ut p& tungans Ostra sida.
Retritten sedan 1989 dr 7 meter.

Hyllglacidren fotograferades i samband

med dessa inmétningar. Dess front var snotickt.
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Péarte

Péarteglaciéirens front karterades av M. Nyman
och A. Norling den 10 september i samband med
isdjups- och massbalansmétningar. Forandringen
i frontldget sedan i fjol ar svértolkad, dels pga att
hela
smiltperioden 1992, dels for att dodisavsmaltning

dess sodra sida var snotdckt under
har skett vid den tidigare frontsjén samt strax
soder om glacidrporten. Vid det forhallandesvis
l4gt liggande, sandurtickta partiet intill glacidr-
porten var medelretritten 8,5 meter. Lings norra
sidan var retritten avtagande med avstandet fran
glacidrporten. En medelretritt for hela fronten
under perioden augusti 1991 till september 1992

uppskattades till 4 meter.
Sulitelma

Salajekna bestktes den 30 augusti av P.
Holmlund, A. Bodin, K. Andersson, C.
Richardsson och L. Lidstrom. Fronten karterades
fran punkt IV-65. Nya punkter I-IV-92 lades ut
med numrering frin 6st mot vast. 1-92 ligger intill
jokelporten. Inmétningen visade att fronten har
retirerat 10 meter sedan 1990. Fronten
flygfotograferades (snedbild) frin soder.




Tabell 1.Arliga frontférindringar

Glaciir

Storglacidren
Isfallsglacidren
Karsaglacidren
Mikkaglacidren
Rabots glaciidr

Salajekna
Riukojietna
Suottasjekna

s.0 Kaskasatj.gl.
Unna R&ditaglac.

Parteglaciéren
Ruotesglacidren
Vartasjekna
Ruopsokjekna

Stour R&ditagl.

Vistra Pissusjietna

Ostra Passusjietna
Hyllglaci&ren

(*) Ruopsokglacidrens front mittes inte in
Sommaren 1990 var fronten helt sndfri den 11 augusti da

1991.

1965-1992

1965-1992, uttryckt i meter.

1989-1992

© O O o

den observerades fran en helikopter.

(=)

vistra Péassusglaciirens

1991-1992

somrarna 1990 och

front hade ett smalt snébram

framfdr tungan den 17 augusti. Den 1 september var tungan helt
snéfri. En viss retridtt har troligtvis &gt rum under slutet av

sommaren.
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AERIAL PHOTOGRAPHY 1990-1992
Per Holmlund

Under &ren 1990-1992 har ett flertal glacidrer och fillomrdden flygfotograferats av
Lantmiteriverket (LMV) for Naturgeografiska institutionens rakning. 1990 fotograferades
Tarfalaomradet och Sarekmassivet. 1991 utfordes fotograferingar i norra Kebnekaise och 1992
isodra Sarek samt i Sulitelma.

Flygbildsmaterialet har samlats in av tva skil. Det ena skilet 4r att dokumentera den
nuvarande situationen. Detta ir mycket viktigt d3 de senaste 4rens hoga ackumulationsvirden
har givit stora massoverskott pa glacidrerna, vilket har fitt manga glaciérer att sluta retirera
och i vissa fall skjuta fram sina fronter. Situationen idag kan dirfér komma att utgora en
minimiutbredning fér vdra glacidrer under 1900-talet, forutsatt att klimatet fortsitter att vara
gynnsamt for glacidrtillvéxt.

Det andra skilet till att flygfotograferingarna har utforts dr behovet av aktuella
arbetskartor for de glacidrer vi arbetar vid. Kartmaterialet kommer &ven utnyttjas for
berikningar av glacidrernas volymférindringar. Ur dessa berdkningar kan man sedan rékna
fram ett medelvirde pa den 4rliga massbalansen for en specifik period.

Projektet har finansierats av NFR och kommer slutforas under 1993 eller 1994. De
sterstiende fjillmassiven 4r Apar, Ruotes och Akka i Sarek och Riita och Katoktjékka i

Kebnekaise. I tabell 1 ges information om de hittills utférda fotograferingarna.

Table 1. Aerial photograph missions carried out 1990-92 by the Swedish Authority of Land Survey (LMV)
requested by the Department of Physical Geography in Stockholm.

motiv riktning skala datum beteckning ant. film
Kebnekaise W-E 1:30000 1990-09-02 90 812 11 7 Sv
Kebnekaise W-E 1:30000 1990-09-04 90 812 11 1 6 IR
Tarfala S-N 1:10000 1990-09-02 90 812 01 9 Sv
Tarfala S-N 1:10000 1990-09-04 90 812 01 1 9 8v
Tarfala S-N 1:10000 1990-09-04 90 812 01 2 8 IR
Sarek W-E 1:30000 1990-09-04 90 811 01 1 8 Sv
Sarek W-E 1:30000 1990-09-04 90 811 01 7 IR
Riukojietna W-E 1:30000 1991-07-31 90 811 01 3 S8v
Passus W-E 1:30000 1991-07-31 90 811 02 5 §8v
Marma W-E 1:30000 1991-07-31 90 811 03 5 Sv
Karsaomrddet N-S 1:30000 1991-07-31 91 811 04 5 Sv
Parte W-E 1:30000 1992-09-12 92 826 01 5 §8v
Sulitelma S-N 1:60000 1992-09-12 92 826 11 3 Sv

43




GPS MEASUREMENTS OF GLACIERS IN SWEDISH LAPPLAND 1992
Axel Bodin

SUMMARY

During the summer of 1992 a GPS receiver was installed at the Tarfala station. Together with
this permanently installed base station (Trimble 4000 SD) two portable receivers have been
used (Trimble Pathfinder series). Simultaneous measurements, using the base station and one
mobile station, give an accuracy of approximately *2 m in the horizontal plane for a fixed
position related to the position of the base station which covers an area with a radius of
approximately 500 km. A much higher accuracy, ca 2-5 cm in the horizontal plane, is achieved
when using the 4000 ST station, but this is a heavier system that was not used in Tarfala this
season. The portable Pathfinder receivers used here are adequate when mapping stakes , snow
lines and glacier fronts, for example. Differential corrections between the receivers and
transformation from the Ellipsoid (WGS 84) used here, to UTM are performed on an
ordinary pesonal computer with software available from Trimble (PFINDER version 1.44 and
PFINDER Basic version 1.0). Thereafter a plot may be written on any HP-plotter and put on a
map. A program converting UTM coordinates to the local net used in Tarfala (Helmert
transformation) is being written. A plotter may be installed, giving us the opportunity of
making maps immediately after a field survey.

Measurements conducted during the summer 1992 included the fix points, stakes and
the transient snow line on Storglacidren. Although far from all the data have been plotted, the
stake map over Storglaciéren has been completed. GPS measurements of fix points and glacier
fronts were conducted in Sarek (Mikkaglacidren, Ruopsokjietna, Ruotesglacidren, Vartas-
glacidren and Salajekna) and on Kérsaglaciiren in the Abisko region (only fix points). In
addition, the mobile systems have been used for a number of measurements, without the
option of measuring at the base station simultaneously. One receiver alone gives an accuracy
of about 10-20 meters, which in some cases, for example positioning of a snow probing profile

or radio echo soundings, may be fully acceptable.
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RADIO ECHO SOUNDINGS AT UNNA RAITAGLACIAREN AND
STOUR RAITAGLACIAREN

Sven Lagerberg och Lotta Liljedahl

INLEDNING

Inom ramen for faltkursen i glaciologi (5p) radioekosonderades bottnen av Unna och Stour
Riitaglacidrerna (67°59'N, 18°26’E). Det storsta djupet pd Unna Raiitaglacidren, 130 m,
uppmiittes i en dverférdjupning i ackumulationsomrédet. Stour Réitaglaciaren var som djupast

ca 90 m vid jamviktslinjen.

OMRADESBESKRIVNING

Unna och Stour Riitaglacidrerna ligger i Vaktpostenmassivet ca 8 km norr om Kebnekaise.
Unna Riitaglacidren rinner ned 4t nordost i Unna Riitavagge. Glacidren avgrinsas &t sydost
av Knivkammen. Stour Riitaglacidren avgrinsas t soder av Tjdktjahjalmen och rinner ned 4t
vist i Stour Raiitavagge. Glacidren har tv3 nischer som ligger pd Tjdktjahjalmens nordsida.

B4de Tjiktjahjilmen och knivkammen har mycket branta nordsidor.

RESULTAT

Tva lingsprofiler och en tvirprofil (Unna Riitaglacidren) uppmittes (fig 1). Unna
Riitaglacidren uppvisade en medeltjocklek p& 75 m med ett maxdjup av 130 m (langdprofil).
Flera dverfordjupningar visade sig pa profilen och dtminstone en ér klart djupare 4n de andra.
P4 Stour Riitaglacidren uppmiittes ett maxdjup pa 90 m och medeldjupet visade sig vara 50 m.

Hir urskiljdes tva tydliga 6verfordjupningar.

ks ann luval

Haighin in mwiies
Cauteur (ntersal Him

Uopyright: The editor and the Department of Physical Geogrnphy, Stackhalm Universily

Figure 1. Map of the Unna Raéitaglacier and the Stour
Raitaglacier. The drawned line on the map shows where the
profiles are taken. 45
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Figure 2. Longitudinal profile of the Unna Raitaglacier.
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RADIO ECHO SOUNDINGS AT PARTEGLACIAREN

Mart Nyman

ABSTRACT

During a few weeks in May and September 1992, several attempts to measure the depth of

Pirtejekna were made. Reliable results give a good picture of the central part of the glacier, in

other words the midsection, including the tongue, plateau and central cirque.

In May only a few points at the tongue were successfully measured, but in September a better

result was obtained. The information from the lower part of the glacier showed no

discrepancies with the results obtained in the spring. The average depth of the main profile

was 89 metres, resulting in a basal shear stress of 1,29 bar. It would probably be appropriate to

increase this figure to compensate the less representative position of the profile, at some

points.

INLEDNING

0 1000 2000
I ——————

saceoe RAdIODKA=
profil

Figure 1. Map of Parteglacidren in Sarek and the
position of profiles made by radio echo sounding.

Sommaren 1991 inleddes ett projekt inom ramen
for ett examensarbete pi geovetarlinjen med
malsittning att ge en fysikalisk beskrivning av
Péarteglacidren. En lingdprofil mattes sommaren

1991 som underlag for radioekosonderingarna
foljande var. Eftersom resultaten frdn varens
tillfredsstallande,
kompletterades dessa med ytterligare isdjups-

mitningar inte var

mitningar i september. Syftet med dessa
métningar var, forutom att f& underlag for en
isdjupskarta, att berikna den basala skjuv-
spanningen som ctt matt pa Parteglacidrens grad
av kontinentalitet.

RESULTAT

En langdprofil av glacidren har konstuerats(fig 2)
vilken folier en linje frdn fronten upp till
overdnden av den centrala nischen. Dessutom har
en tvirprofil bestamts for glacidrens nedre hallt
(fig 3). En mycket kort tvirprofil méttes tvérs
dver nischens mynning (fig 4). Tyviérr kunde den
inte dras hela vigen ut till berget p g a sprickor.

Partejekna  Sarek

Djupprofit
1240

1368

=1 1080

1600 -

o 500 1000
— == —

ﬂ 1748

1368

Figure 2. Longitudinal profile of the tongue and
the central cirque of Parteglaciaren.
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Figure 3. The lower cross section (new direction
from stake 2).

Tvirprofilerna visar att glacidrens djupaste
delar dr beldgna vid sidan av langdprofilen. Att
maxdjupet vid nischen 13g norr om langdprofilen
var vintat. Strickningen av profilen var till vissa
delar en kompromiss till foljd av det sprickiga
underlaget.

Den nedre tvarprofilen visar ett tilltagande
isdjup mot den sddra sidan av glacidren. Ett
maximalt isdjup om drygt 110 m uppmiittes mitt i
isflodet fradn den sodra nischen. Tyvarr erholls
mte nigra anvindbara matningar lingre
uppstroms vilkka kunnat visa om denna del av
glacidren generellt dr djupare 4n det centrala
stréket. Nagra punktmétningar frin véren pckar
mot ett mojligt djup av 140 m nedanfor sodra
nischen, men  mitningen kunde inte
positionsbestimmas med Onskviard noggrannhet.
Merparten av den del av fromten, dar
frontinmétningar gors, har sitt tillflode frin det
sodra stréket.

Tvirprofilen passerar over Parteglacidrens
huvudsakliga brunnsomréde dar isdjupet ér cirka
80 m. Nedstroms, ndgot vid sidan av brunnarna,
finns den enda, i maj uppmitta ojimnheten i
underlaget vid denna mycket slita del av
glacidren.

Langdprofilen har ett tillfredsstillande
dataunderlag, om &n av varierande tithet. De
storsta djupen &terfinns under den markanta
brant som kan skdnjas nedanfor nischmynningen.
Hir finns profilens maxdjup, 134 m. Detta fir
betraktas som ett pafallande grunt virde for en
glaciar av Pdrtes storlek. Troligen finns det
djupare delar pad sydsidan. Det beridknade
medeldjupet for lingdprofilen dr 89 m. Detta ger
en basal skjuvspidnning pd 1,29 bar.

Figure 4. The upper cross section in the opening
to the central cirque.
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Dept of geology, University of Minnesota, USA
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APPENDIX 3. Meteorological data 1992.
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APPENDIX 4, Mass balance 1989/90 - 1991/92 of Marmaglacisren.

Marmaglaciirens massbalans under budgetdret 1989/90.

Niva Yta Vinterbalans Sommarbalans Nettobalans
moh 103m2 103m3 mv e 10°m3 mv e 10%m3 mv e
-1340 55.0 96.3 1.75 105.9 1.93 -9.6 -0.17
1340-1360 96.5 163.1 1.69 187.9 1.95 -24.8 -0.26
1360-1380 148.0 223.3 1.51 286.5 1.94 -63.2 -0.43
1380-1400 150.5 202.1 1.34 280.2 1.86 -78.1 -0.52
1400-1420 156.0 166.1 1.06 288.6 1.85 -122.5 -0.79
1420-1440 161.0 196.3 1.22 292.6 1.82 -96.3 -0.60
1440-1460 218.5 247.4 1.13 368.8 1.69 -121.4 -0.56
1460-1480 253.0 266.9 1.05 402.5 1.59 -135.6 -0.54
1480-1500 199.5 214.1 1.07 314.5 1.58 -100.4 -0.50
1500-1520 188.5 231.1 1.23 293.7 1.56 -62.6 -0.33
1520-1540 365.0 423.9 1.16 528.8 1.45 -104.9 -=0.29
1540-1560 352.5 333.1 0.94 449.1 1.27 -116.0 -0.33
1560-1580 232.0 227.4 0.98 241.5 1.04 -14.1 -0.06
1580-1600 196.5 185.6 0.94 233.9 1.19 -48.3 -0.25
1600-1620 311.0 291.3 0.94 388.9 1.25 -97.6 =0.31
1620-1640 332.5 399.5 1.20 360.9 1.09 38.6 0.12
1640-1660 200.0 330.8 1.65 198.0 0.99 132.8 0.66
1660-1680 203.0 500.0 2.46 200.5 0.99 299.5 1.48
1680-1700 103.0 257.5 2.50 101.8 0.99 155.7 1.51
1700-1720 40.0 100.0 2.50 40.0 1.00 60.0 1.50
1720-1740 33.0 82.5 2.50 33.0 1.00 49,5 1.50
1740-1760 10.0 25.0 2.50 10.0 1.00 15.0 1.50
1760-1780 6.5 16.3 2.51 6.5 1.00 9.8 1.51
4011.5 5179.6 1.29 5614.1 1.40 -434.5 -0.11

ELA = 1624 m

Nettobalansgradienten, G
AAR = 21 %

= 0.41 m/100m

G d4r berdknad som kvoten mellan intervallen 1620-1640
1400-1420 moh:

G = (0.12-(-0.79))/(1640~1420)

ELA &r berdknad linjart i intervallen mellan 1600 m&h
md8h, vilket &ven ger AAR:
ELA = ((1630-1610)*0.31/0.43)+1610

méh och

och 1640



Marmaglaciirens massbalans under budgetdret 1990/91

Niva
m & h'

-1340
1340-1360
1360-1380
1380-1400
1400-1420
1420-1440
1440-1460
1460-1480
1480-1500
1500-1520
1520-1540
1540-1560
1560-1580
1580-1600
1600-1620
1620-1640
1640-1660
1660-1680
1680-1700
1700-1720
1720-1740
1740-1760
1760-1780

Yta Vinterbalans

103m2

55.0
96.5
148.0
150.5
156.0
161.0
218.5
253.0
199.5
188.5
365.0
352.5
232.0
196.5
311.0
332.5
200.0
203.0
103.0
40.0
33.0
10.0
6.5

4011.5

Apr-Maj + 10%

Aug-Sep

Totalt

1438.0

ELA = 1624 mdh

Nettobalansgradienten, G = 0.47
AAR = 21 %

G dr berdknad som kvoten mellan

1440-1460 méh:

G = (0.11-(-0.73))/(1640-1460)

103m3

75.6
129.4
179.2
157.3
148.1
143.5
196.4
232.4
214.5
210.4
331.2
323.9
231.9
164.8
248.9
350.6
279.0
296.8
154.5

60.0

49.5

15.0

9.8

4202.7

4623.0

4011.5 4623.0

mv e

1.15

Sommarbalans

3,3

10°m~ m v e

89.4
156.8
240.5
244.6
253.5
261.6
355.1
347.9
274.3
259.2
410.6
380.2
235.8
208.1
333.0
312.4
176.9
178.1

90.1

35.0

28.9

8.8
5.7

4886.5

5306.8

287.6

5594.4

m/100m

1.63
1.62
1.63
1.63
1.63
1.62
1.63
1.38
1.37
1.38
1.12
1.08
1.02
1.06
1.07
0.94
0.88
0.88
0.87
0.88
0.88
0.88
0.88

1.22

1.32

Nettobalans
1O3m3 myv e
-13.8 -0.25
-27.4 -0.28
-61.3 -0.41
-87.3 -0.58

-105.4 -0.68
-118.1 -0.73
-158.7 -=0.73
-115.5 -0.46
-59.8 -0.30
-48.8 -0.26
-79.4 -0.22
-56.3 -0.16

-3.9 =-0.02
-43.3 -0.22
-84.1 -0.27

38.2 0.11
102.1 0.51
118.7 0.58

64.4 0.63

25.0 0.63

20.6 0.62

6.2 0.62
4,1 0.63
-683.8 =-0.17
~-683.8 =-0.17
-971.4 -0.24

intervallen 1620-1640

ELA &r beriknad linjért mellan 1600 mdh och 1640 mdh,
dven ger AAR:
ELA = ((1630-1610)*0.27/0.38)+1610

méh och

vilket




Marmaglaciirens massbalans under budgetdret 1991/92

Niva Yta Vinterbalans Sommarbalans Nettobalans
moh 10°m? 10°8m3 mv e 103m3 mv e 103m3 mv e
-1340 55.0 87.2 1.59 75.9 1.38 11.3 0.21
1340-1360 96.5 131.6 1.36 138.9 1.44 -7.3 =0.08
1360-1380 148.0 194.5 1.31 210.8 1.42 -16.3 -0.11
1380-1400 150.5 178.1 1.18 214.2 1.42 -36.1 -0.24
1400-1420 156.0 178.0 1.14 219.4 1.41 -41.4 -0.27
1420-1440 161.0 175.8 1.09 221.4 1.38 -45.6 -0.28
1440-1460 218.5 233.6 1.07 300.4 1.37 -66.8 -0.31
1460-1480 253.0 271.2 1.07 347.9 1.38 -76.7 ~0.30
1480-1500 199.5 245.4 1.23 274.3 1.37 -28.9 -0.14
1500-1520 188.5 235.6 1.25 212.1 1.13 23.5 0.12
1520-1540 365.0 383.3 1.05 374.1 1.02 9.2 0.03
1540-1560 352.5 381.0 1.08 345.7 0.98 35.3 0.10
1560-1580 232.0 284.8 1.23 234.0 1.01 50.8 0.22
1580-1600 196.5 226.3 1.15 194.6 0.99 31.7 0.16
1600-1620 311.0 316.2 1.02 335.6 1.08 -19.4 -0.06
1620-1640 332.5 349.5 1.05 345.7 1.04 3.8 0.01
1640~-1660 200.0 304.6 1.52 170.0 0.85 134.6 0.67
1660-1680 203.0 343.2 1.69 171.4 0.84 171.8 0.85
1680-1700 103.0 180.2 1.75 64.4 0.63 115.8 1.12
1700-1720 40.0 70.0 1.75 25.0 0.63 45.0 1.13
1720-1740 33.0 57.8 1.75 20.6 0.62 37.2 1.13
1740-1760 10.0 17.5 1.75 6.2 0.62 11.3 1.13
1760-1780 6.5 11.4 1.75 4.1 0.63 7.3 1.12
4011.5 4856.8 1.21 4506.7 1.12 350.1 0.09

Apr-maj +10 cm 1.31 1.22 0.09

ELA = 1539 m
Nettobalansgradienten, G = 0.54 m/100m
AAR = 51 %

G dr beridknad som kvoten mellan intervallen 1640-1660 mSh och
1460~1480 mdh:
G = (0.67-(-0.30))/(1660-1480)

ELA 4r beriknad linjdrt mellan 1660 m8h och 1480 mdh, vilket
dven ger AAR:
ELA = ((1650-1490)*0.30/0.97)+1490



APPENDIX 5. Mass balance 1989/90 - 1991/92 of Kérsaglacidren.

Karsaglacidrens massbalans under budgetdret 1989/90

Niv3 Yta Vinterbalans Sommarbalans Nettobalans
moh 103m? 103m3 mve 103m3 nve 103m3 mv e
- 940 4 6.0 1.50 10.0 2.50 -4.0 =1.00
940- 960 12 18.0 1.50 30.0 2.50 =-12.0 -1.00
960- 980 13 19.5 1.50 32.5 2.50 -13.0 -1.00
980-1000 37 55.5 1.50 92.5 2.50 =37.0 -1.00

1000-1020 76 131.5 1.73 190.0 2.50 -58.5 =0.77
1020-1040 67 128.8 1.92 161.7 2.41 -32.9 -0.49
1040-1060 60 131.7 2.20 142.1 2.37 -10.4 -=0.17

1060-1080 67 154.7 2.31 160.0 2.39 -5.3 -=0.08
1080-1100 75 171.5 2.29 170.8 2.28 0.7 0.01
1100-1120 61 132.6 2.17 127.92 2.10 4.7 0.08
1120-1140 75 159.8 2.13 156.8 2.09 3.0 0.04
1140-1160 68 142.5 2.10 141.3 2.08 1.2 0.02
1160-1180 58 125.5 2.16 118.0 2.03 7.5 0.13
1180-1200 52 117.8 2.27 100.4 1.93 17.4 0.33
1200-1220 43 105.0 2.44 75.3 1.75 29.7 0.69
1220-1240 33 80.6 2.44 57.8 1.75 22.8 0.69
1240~-1260 27 68.5 2.54 47.3 1.75 21.2 0.79
1260-1280 22 55.0 2.50 38.5 1.75 16.5 0.75
1280-1300 19 47.5 2.50 33.3 1.75 14.2 0.75
1300-1320 23 52.8 2.30 40.3 1.75 12.5 0.54
1320-1340 23 51.3 2.23 40.3 1.75 11.0 0.48
1340-1360 23 49.0 2.13 40.3 1.75 8.7 0.38
1360-1380 32 67.3 2.10 40.0 1.25 27.3 0.85
1380-1400 31 63.0 2.03 38.8 1.25 24.2 0.78
1400-1420 53 106.0 2.00 66.3 1.25 39.7 0.75
1420-1440 87 174.0 2.00 108.8 1.25 65.2 0.75
1440-1460 66 132.0 2.00 82.5 1.25 49.5 0.75
1460-1480 21 42.0 2.00 26.3 1.25 15.7 0.75
1480-1500 6 12.0 2.00 7.5 1.25 4.5 0.75

1234 2601.4 2.11 2377.3 1.93 224.1 0.18

ELA = 1088 mdh
Nettobalansgradienten, G = 0.49 m/100 m
AAR = 70 %

G idr beridknad som kvoten mellan intervallen 1360-1380 mdh och
980-1000 mdh:
G = (0.85-(-1.00))/(1380-1000)

ELA ir ber#knad linjdrt i intervallen mellan 1060 mdéh och 1100
méh, vilket &dven ger AAR:
ELA = ((1090-1070)*0.08/0.09)+1070




Karsaglacidrens massbalans under budgetdret 1990/91

Niv3 Yta Vinterbalans Sommarbalans Nettobkalans
moh 103m2 10°m3 m v e 1o3m3 mv e 103m3 mv e
- 940 4 7.5 1.88 8.5 2.13 -1.0 =-0.25
940- 960 12 22.5 1.88 25.5 2.13 -3.0 -0.25
960- 980 13 21.6 1.66 27.6 2.13 -6.0 -0.46

980~1000 37 48.4 1.31 78.6 2.13 -30.2 -0.82
1000-1020 76 106.3 1.40 161.5 2.13 -=55.2 =-0.73
1020-1040 67 113.9 1.70 142.4 2.13 -28.5 =-0.43
1040-1060 60 113.0 1.88 127.5 2.13 -14.5 -0.24

1060-1080 67 133.4 1.99 142.4 2-.13 -9.0 =0.13
1080-1100 75 147.9 1.97 158.6 2.11 -10.7 -=0.14
1100-1120 61 115.4 1.89 122.8 2.01 -7.4 -0.12
1120-1140 75 141.4 1.89 146.3 1.95 -4.9 =0.07
1140-1160 68 132.0 1.94 130.1 1.91 1.9 0.03
1160-1180 58 115.1 1.98 109.3 1.88 5.8 0.10
1180-1200 52 104.3 2.01 98.8 1.90 5.5 0.11
1200-1220 43 88.1 2.05 81.4 1.89 6.7 0.16
1220-1240 33 65.5 1.98 60.5 1.83 5.0 0.15
1240-1260 27 53.5 1.98 48.8 1.81 4.7 0.17
1260-1280 22 43.0 1.95 39.5 1.80 3.5 0.16
1280-1300 19 37.5 1.97 30.9 1.63 6.6 0.35
1300-1320 23 44.5 1.93 36.3 1.58 8.2 0.36
1320-1340 23 45.4 1.97 36.3 1.58 9.1 0.40
1340-1360 23 44.4 1.93 33.9 1.47 10.5 0.46
1360~1380 32 62.3 1.95 45.6 1.43 16.7 0.52
1380-1400 31 59.1 1.91 41.6 -1.34 17.5 0.56
1400-1420 53 99.4 1.88 55,9 71.05 43.5 0.82
1420-1440 87 157.5 1.81 110.2 1.27 47.3 0.54
1440-1460 66 123.8 1.88 79.0 1.20 44.8 0.68
1460-1480 21 39.4 1.88 26.0 1.24 13.4 0.64
1480-1500 6 11.3 1.88 8.3 1.38 3.0 0.50

1234 2297.4 1.86 2214.1 1.79 83.3 0.07

ELA = 1144 md&h
Nettobalansgradienten, G = 0.39 m/100 m
AAR = 55 %

G dr beridknad som kvoten mellan intervallen 1400-1420 m8h och
980-1000 moh: &
G = (0.82-(-0.82))/(1420-1000)

ELA ir beridknad linjdrt i intervallen mellan 1120 m&h och 1160
mdéh, vilket &dven ger AAR:
ELA = ((1150-1130)*0.07/0.10)+1130




Kdrsaglaciirens massbalans under budgetdret 1991/92

Nivé Yta Vinterbalans Sommarbalans Nettobalans
moéh 103m2 103m3 mv e 103m3 mv e 103m3 mv e
- 940 4 9.0 2.25 9.0 2.25 0.0 0.00
940- 960 12 27.0 2.25 27.0 2.25 0.0 0.00
960- 980 13 29.3 2.25 29.3 2.25 0.0 0.00
980~1000 37 83.3 2.25 83.3 2.25 0.0 0.00
1000-1020 76 170.5 2.24 171.0 2.25 -0.5 =0.01
1020-1040 67 146.8 2.19 141.4 2.11 5.4 0.08
1040-1060 60 134.0 2.23 123.6 2.06 10.4 0.17
1060-1080 67 147.3 2.20 139.4 2.08 7.9 0.12
1080-1100 75 164.8 2.20 150.0 2.00 14.8 0.20
1100-1120 61 139.8 2.29 106.8 1.75 33.0 0.54
1120-1140 75 172.8 2.30 131.3 1.75 41.5 0.55
1140-1160 68 159.5 2.35 103.4 1.52 56.1 0.83
1160-1180 58 141.5 2.44 72.5 1.25 69.0 1.19
1180-1200 52 128.0 2.46 60.8 1.17 67.2 1.29
1200-1220 43 106.8 2.48 43.4 1.01 63.3 1.47
1220-1240 33 83.8 2.54 28.9 0.88 54.9 1.66
1240-1260 27 68.8 2.55 23.6 0.88 45.1 1.67
1260-1280 22 56.5 2.57 19.3 0.88 37.3 1.69
1280-1300 19 48.8 2.57 16.6 0.88 32.1 1.69
1300-1320 23 56.8 2.47 20.1 0.88 36.6 1.59
1320-1340 23 50.3 2.18 14.4 0.63 35.9 1.56
1340-1360 23 48.8 2.12 14.4 0.63 34.4 1.49
1360-1380 32 67.5 2.11 20.0 0.63 47.5 1.48
1380-1400 31 65.8 2.12 19.4 0.63 46.4 1.50
1400-1420 53 118.3 2.23 33.1 0.63 85.1 1.61
1420-1440 87 182.8 2.10 54.4 0.63 128.4 1.48
1440-1460 66 126.0 1.91 41.3 0.63 84.8 1.28
1460-1480 21 41.3 1.96 13.1 0.63 28.1 1.34
1480-1500 6 13.5 2.25 3.8 0.63 9.8 1.63

1234 2788.5 2.26 1714.2 1.39 1074.3 0.87

ELA = 1012 méh
Nettobalansgradienten, G = 0.40 m/100 m
AAR = 91 %

G dr berdknad som kvoten i intervallen 1400-1420 m8h och 1000~
1020 méh:
G = (1.61-(-0.01))/(1420-1020)

ELA dr berdknad linjdrt i intervallen mellan 1000 m8h och 1040
méh, vilket dven ger AAR:
ELA = ((1030-1010)*0.01/0.09)+1010




APPENDIX 6. Storglaciéiren, mass balance 1946-92 and snow depths 1992.

Ar

1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991

46-90
65-90

1992

Medeltemp

Ar

-4,5
-5,8
-3,3
-4,6
-3,9
-3,9
-4,5
-2,1
-4,2
-2,8
-3,6
-4,1
-4,6
-4,7
-4,0
-3,2
-4,5
-3,6
-3,7
-3,1
-4,7
-3,7
-5,2
~4,5
-3,3
-2,7
-2,9

jun-aug
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Ack

(mve)
1,13
1,03
1,45
2,23
1,42
0,81
0,87
1,94
1,13
1,61
1,29
1,61
1,45
0,97
0,68
0,81
1,10
1,45
1,58
1,47
1,20
1,35
1,27
0,98
0,99
1,33
1,39
1,67
1,31
1,98
1,93
1,23
1,46
1,54
0,93
1,16
1,49
1,47
1,83
0,99
1,62
1,69
1,42

Abl

(mve)
2,26
3,10
1,45
1,32
2,71
1,45
1,03
2,74
2,10
1,77
1,77
1,94
2,10
1,94
2,29
1,90
0,77
1,65
1,10
1,06
1,73
1,58
1,37
2,02
2,51
1,52
2,44
1,62
1,65
0,81
1,66
1,03
1,54
1,76
2,17
1,36
1,23
1,19
1,71
1,71
1,68
1,22
2,26
1,34
1,67
1,51

Netto

(mve)
-1,13
-2,06
0,00
0,90
-1,29
-0,65
-0,16
-0,81
-0,97
-0,16
-0,48
-0,32
-0,65
-0,97
-1,61
-1,10
0,32
-0,19
0,49
0,43
-0,53
-0,23
-0,10
-1,04
-1,52
-0,19
-1,05
0,05
-0,34
1,17
0,27
0,20
-0,08
-0,21
-1,24
-0,20
0,26
0,28
0,12
-0,72
-0,06
0,48
-0,84
1,24
0,59
0,17

-0,31

ELA

(mdh)
1480
1600
1400
1410
1550
1500
1450
1530
1540
1470
1500
1480
1510
1540
1620
1575
1400
1425
1400
1400
1500
1500
1480
1570
1610
1490
1550
1490
1480
1380
1440
1420
1469
1497
1591
1510
1385
1375
1460
1570
1465
1370
1565
1374
1495
1460

1480
1478

1393
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