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INTRODUCTION

Tarfala Research Station is located in the Kebnekaise
mountains, northern Sweden. The site was selected by Valter
Schytt and Erik Woxnerud in 1945 because Storglacidren was
a suitable glacier for mass balance studies and also
because access was fairly simple. The purpose of the
station was to facilitate research and education in
glaciology and the high alpine environment. The need for a
larger station became obvious when groups of students began
to work on thesis projects at the station in the 1950s8’.
Several new buildings were constructed in 1961.

In the beginning research was focused on the mass balance
of Storglacidren. Later several other projects, in which
long-term observations were essential, became a part of the
routine program of the station. Among these projects there
are studies of the mass balances of several other glaciers
besides Storglacidren, as well as projects concerning
weather, water discharge measurements, and glacier front
observations. However, most of the research is conducted by
scientists and groups of scientists using the facilities of
the station but are supported by individual grants.

A first "annual report" was produced 1986. The report was,
like this one, only intended to be a collection of short
descriptions of field projects, with accompanying tables
and graphs, which might be useful for scientists working at
the station in the future. Because a large number of
scientists working in Tarfala do not read Swedish, we have
tried to at least include short abstracts in English.
Unfortunately, we cannot afford the extra cost of
translating the whole report.

The report includes a number of contributions written Dby
people working at the station in 1987. The authors are
responsible for their contributions. All results are
preliminary.

Stockholm March 1988

Wibjdérn Karlén
Professor



COURSES AT TARFALA RESEARCH STATION 1987

Tarfala Research Station frequently is used by groups of
students during field courses. Around 30 persons, including
the people working at the station, may be accomodated.
Among other courses this year was a group preparing for
fieldwork in Antarctica trained during a week in March. The
station was used by a group of undergraduate students in
July and August. In early July a group of high school
students visited the station for 3 days, and 18 teachers
and students from T&rendd Folkhdgskola spent a few days at
the station in early September.

Tarfalastationen har dimensionerats med tanke pd& att kurser
skall kunna f6rldggas till stationen. Under A&ret 1987,
liksom under tidigare &ar, férlades en rad kurser fér vilka
ndrheten till glacidrer och h&galpin miljé var central.

FORBEREDELSER FOR ANTARKTIS 1987-1988

Den svenska regeringen har avsatt resurser f6r svensk
forskning i Antarktis. Dessa medel administreras av
Polarforskningssekretariatet, som skall svara fér
logistiken vid denna svenska satsning. Ett led i

férberedelserna infér expeditionen sydsommaren 1987-1988
var en kurs fé6r deltagarna, som fdrlades till
Tarfalastationen. Kursen genomfdrdes den 14-21 mars.
Centrala delar i kursprogrammet omfattade glaciologi,
repteknik, sjukvard, radiotrafik meteorologi och
motorkunskap. En stor och viktig del av kursen omfattade
évningar dar bl.a. sprickl&dttring, sndbivackering,
tédltslagning, &tgdrder vid brand, kd&rning med bandvagnar
och sndskotrar &vades. UtbSver de 12 personer som skulle
férberedas fO0r arbete i Antarktis deltog ytterligare 12
personer som ledare eller observatdrer, samt ett stort
antal journalister. Bland observatdrerna midrktes David
Drewry from British Antarctic Survey and Heinz Kohnen frén
Alfred-Wegener-Institut fur Polar- und Meeresforschung.

SKOLUNGDOMSVECKA

I bérjan av juli besbktes stationen av 12 skolungdomar fréan
Stockholmstrakten. Kursen bekostades av FRN. MAalet med
verksamheten var att visa skolungdomar vad
naturvetenskapliga studier pd ett universitet innebér.
Genom exkursioner och férelédsningar belystes
naturvetenskapliga fragestéllningar och metodik al
allmé@nhet. Stationens l&ge och inriktningen p& forskningen
vid denna ledde dock till att kursen i f8rsta hand belyste
amnen som naturgeografi och kvartdrgeologi. Tyvdarr var
vddret mycket daligt under de dagar kursen var fdérlag till
Tarfalastationen.



GEOVETENSKAP

Sedan slutet av 1950-talet har Naturgeografiska
institutionen férlagt kurser som ingdr i den ordinarie
utbildningen till Tarfala. Under senare 4r har denna kurs
getts som ett alternativ inom utbildningen i geovetenskap.
Arets kurs, som lockade 5 deltagare, omfattade tiden 20
juli till den 7 augusti. Uppsatsamnena omfattade vattenkemi
framfdr Storglacidren, vattenbalansen vid Lillsjbns utlopp
samt avvigningar pd Storglacidrens front.

TERENDO

Aven 1987 besbktes stationen av en grupp elever och l&rare
frdn Tarenddskolan. Arets grupp, som besdkte stationen i
bdrjan av september, omfattade 18 ldrare och elever. Trotts
ett ganska d&ligt véder genomfdrdes exkursionerna enligt
planerna.

OVRIGA KURSER

Utsver de ovan némnda kurserna fdrlades ndgra av STF
arangerade kurser till stationen, och ett stort antal
grupper orienterades om stationens verksamhet vid kortare
uppehdll p& Tarfala forskningsstation.



NEW EQUIPMENT

Peter Jansson

Computer hardware and software

This year a 20MB hard disc "PLUS HARDCARD" was installed on
the computer that was brought to Tarfala last year. The
hardcard holds a number of different software programs. The
time consumed for filehandling and data operations has been
dramatically reduced due to the storing capacity and easy
access of the hardcard.

Dataloggers

An additional CSI 21X datalogger was brought to the station
last year. This datalogger 1is used to monitor a new
meteorological station set up in May 1987 (this equipment
is described in a separate section below). The other
datalogger was used on the glacier to monitor various
instruments, such as those measuring temperature, rainfall
and influx as well .as reflected radiation. These
measurements are also described in greater detail below.
¢

Data from the dataloggers.can now be plotted within a few
hours after being retrieved.. This makes possible unique
opportunities to  check field equipment and to respond to
changes in the data by reconfiguring the experimental
settings. Customized software was developed at the station
to reduce and handle the data retrieved. This was necessary
because the amounts of data retrieved by the loggers
exceeded what was earlier considered to be normal by
several orders of magnitude



METEOROLOGICAL OBSERVATIONS IN TARFALA 1986-1987
Vivan Bergman

Alltsedan de glaciologiska studierna bérjade i Tarfala har
meteorologiska observationer utférts. I bérjan kunde
observationer enbart genomfdras under de perioder da
personal var verksam vid stationen. Senare inforskaffades
registrerande instrument, vilket medgav observationer &ven
under vintern. De mekaniska instrumenten medgav maximal
information under en manad utan tillsyn. F&rst nar ett
lokalt el-system infdrskaffades 1961 kunde data samlas dven
under langre perioder.

I denna rapport presenteras en liten del av det material
som samlats. Bearbetningar och sammanstdllningar har
utfdrts av Vivan Bergman. Variationer i klimatet belyses
med hjdlp av diagram. Innehdll och berdkningsmetoder ges i
tabellhuvudena.

Temperatur

Tabell 1: Temperaturen frdn september 1986 till december
1987.

Manad Medel- Medel- Medel- Maximi- Minimi-
temp. max. min. temp. temp.

September 1986 -1,1 0,9 -3,3

Oktober -2,7 -0,7 -5,2

November -6,3 -3,9 -9,2

December -15,8 -12,3 -19,0 .

Januari 1987 -20,9 - -28,3

Februari -14,2 -11,0 -17,2 -2,6 -28,3

Mars -12,4 -9,2 -15,9 -1,7 -28,0

April -8,0 -4,2 -14,7 3,1 -24,9

Maj -2,6 0,4 -6,0 7,0 -18,0

Juni 2,8 4,5 0,9 9,6 -13,1

Juli 6,0 8,7 3,2 21,5 -2,2

Augusti 3,7 5,9 1,4 14,1 -3,3

September 0,8 2,8 -1,4 8,6 -6,5

Oktober 0,3 2,0 -1,7 5,1 -7,8

November -7, -5,0 -10,1 2,7 -18,1

December -10,7 -7,6 -13,4 2,0 -18,8

Massbalanséaret:

1986/1987 -6,0 ~-1,9 -13,1

Massbalansaren:

1965-1984 -4,0 -1,2 -6,9

Medelvérde: ) i

Juni-Augusti 1987 4,2 Juni-Augusti 1965-84 5,5

Kalenderaret 1987 -5,2 Kalenderdren 1965-84 -3,9



Massbalansdret 1986/1987 var kallare &n det varit under 20-
arsperioden 1965-1984. Medeltemperaturen £6r sommar-
mdnaderna, juni, juli och augqusti, var 4,2 grader jamfért
med "normalvdrdet" 5,5 grader. Arets sommarmedeltemperatur
dr densamma som sommaren 1983, men temperaturen var 0,9
grader hdgre &n den som uppméttes f6r sommaren 1975. Den
ldgsta temperaturen sedan registreringarna bdérjan uppmdttes
1975. Vintermedeltemperaturen, september-maj, var -9,3
grader, vilket &r drygt 2 grader kallare &n under 20-
drsperiden 1965-1984. Tyvdrr saknas registreringar £f&r en
del av januari, varfdér vdrdena inte &r helt j&mfdrbara.

Tabell 2: Dygnsmedeltemperatur 1986.

JAN FEB MAR APR MAJ JUN JUL  AUG SEPT  OKT NOV DEC
1 -9.3  -15.9 -14.,1 -5.5 -3.2 1.8 3.7 10.4 2.2 2.1 -3.6 -11.2
2  -15.7 -10.2 -15.4 -6.0 0.6 4.0 2.5 8.3 3.3 0.2 -6.9 -13.5
3 -20.6 -6.6 -7.3 -6.5 1.6 8.2 3.3 7.5 3.4 -0.1 -8.6 -16.3
4 -16.2 -4.7 -14.4 -7.8 3.7 5.4 4.5 7.1 4.5 -4.6 -4.9 -14.9
D) -9.7 -10.1 -23.0 -9.6 4.6 6.4 4.7 7.2 1.7 -3.5 -5.6 -15.5
6 -11.,5 -5.8 -14.8 -2.1 0.6 7.7 5.8 5.5 1.1 -4.7 -8.5 -15.7
7 16.0 -6.0 -4.1 -1.3 3.0 6.7 7.1 3.1 0.4 -1.4 -12.7 -12.1
8 -9.4 -12.9 -4.5 -4.2 2.1 8.0 7.9 4.7 1.0 -7.9 -9.7 -7.6
9 -13.4 -9.6 -3.2 -13.7 -0.3 4.7 6.2 7.1 1.1 -7.1 -5.4 -3.1
10 -16.2 -8.6 -4.9 -11.5 -0.6 5.4 6.2 7.6 0.0 -5.7 -6.4 -3.6
11 -14.9 -6.4 -5.2 -10.1 0.8 9.6 6.3 7.3 -0.2 -2.6 -8.5 -~6.2
12 -14.6 -3.9 -3.0 -11.8 0.5 9.5 5.9 6.5 =-0.5 3.0 -10.5 -12.1
13 -14.4 -7.2 -7.5 -11.1 -0.4 2.2 6.6 2.9 0.6 0.7 -8.4 -12.3
14 -16.9 -4.1 -9.8 -13.6 1.5 2.9 8.8 1.1 0.2 1.5 -3.7 -20.2
15 -13.8 -4.8 0.6 -14.1 0.8 2.6 10.1 3.0 -1.0 0.8 -0.7 -24.1
16 -14.7 -9.1  -0.1 -10.3 2.2 4.9 8.1 3,3 -1.0 -0.7 -2.1 -22.5
17 -12.9 -14.3 -5.5 -12.9 -1.6 10.9 9.2 4.2 -1.7 -5.0 -4.2 -19.7
18 -20.7 -20.8 -5.8 -14.1 1.1 12.0 10.1 2.7 -3.6 -1.6 -5.0 -20.4
19 -19.4 -13,9 -6.2 -13.4 0.4 5.4 7.6 1.1 -2.5 -1.9 -6.0 -18.3
20 -19.9  -11.2 -3.9 -13.2 1.5 2.3 5.4 1.4 -1.3 -2.2 -7.5 -15.6
21 -20.8 -15.8 -4.4 -12.3 3.3 1.3 6.6 1.4 -1.3 -4.3 -8.5 -14.2
22 -23.8 -12.8 -4.4 -8.9 2.5 3.8 7.8 1.9 -3.8 -3.6 -6.2 -19.1
23 -19.7 -16.4 -6.9 -4.6 -0.1 6.4 9.3 1.8 -7.1 -6.1 -4.,3 -17.9
24 -11.2 -15.0 -6.6 =] AP 2,9 10.8 9.3 1.4 -3.4 -6.5 -5.0 -14.3
25 -10.6 -10.3 -4,3 0.1 1.7 12.5 8.2 1.2 -6.6 -3.6 -3.2 -18.3
26 -12.6 -10.7 -5.2 0.7 1,9 10.4 8.2 1.3 -7.4 -6.4 -5.7 -14.0
27 -11.5 -10.7 -5.8 0.0 0.2 6.2 10.4 1.3 -6.9 -4.1 -4,1 -14.7
28 -10.1 -7.9 -8.8 -0.6 -1.2 4.4 9.6 0.8 -2.5 -0.9 -5.1 -18.8
29 -11.0 -8.6 -4.6 0.2 5.0 10.1 0.6 -2.3 0.0 -6.1 =-20.0
30 -15.2 -6.3 0.3 0.4 3.9 12.2 1.0 -0.8 -2.2 -11.2 -26.1
31 -14.2 -6.2 0.6 10.8 1.9 -4.3 -26.9




Nederbérd

Nederbdrdsmitare av SMHI-typ sattes ut vid Tarfalastationen
den 17 maj 1987 och sista observationen gjordes den 13
september. Observationer av nederbdrden utanfdr stationen
rapporteras i annat sammanhang.

Tabell 3: Nederbdrd vid Tarfalastationen 1987.

Nederbdrdsmdtare Pluviograf Nederbdrd
SMHI-typ (datalogger) 1964-1984
mm mm mm
Maj (17-31) (10,5)
Juni 55,9 63
Juli 64,1 129
Augusti 176,3 173,5 mm 110
September (1-13) (33,2) 29,5
Juni -augusti 296,3 302

Regn i st®rre mdngd, dvs mer &n 15 mm, f611 den 18 juni, 9
juli, den 22 augusti och den 8 september. Maximal
nederbsdrdsintensitet uppméttes den 2 augusti da denna nadde
vdrdet 5,5 mm/timme.

vind

Det tidigare anvdnda instrumentet for vindhastighet
(Siemensskrivare) har fortsatt att ge bekymmer. Nagon
utvirdering av hela &ret ges darfor ej hdr. Till den nya
utrustningen, som &r kopplad till dataloggern, hor en
vidmétare, som bdrjade anvdndas i maj. De har givna
vindhastigheterna &r registrerade av det nya instrumentet.

Medelvindhastighet
1987 1965-1984
Juni 1,9 m/s 3,0 m/s
Juli 3,2 m/s 2,8 m/s
Augusti 2,3 m/s 2,8 m/s

Maximal uppmdtt vindhastighet, 25,5 m/s uppmdttes den 24
juli. Héga vindhastigheter uppmédttes aven den 23 juli (23,8
m/s), 1 augusti (23 m/s), 30 juli (21,7 m/s),den 29 juli
(21,4 m/s) och den 4 juli (20,2 m/s). Medelvinden samma dag
var enbart 1,2 m/s. Den hodgsta medelvindhastigheten, 7,8
m/s, uppndddes s&vdl den 3 som den 23 juli, och den nést
hégsta, 7,5 m/s registrerades den 29 juli. Drygt 6 m/s
registrerades den 2 och den 28 juli (Fig. 1 och 2).




Tabell 4: Vindsektorer i grader, medelvindhastighet (m/s).

0-45 45-90 90-135 135-180 180-225 225-270 270-315 315-360

Juni
1,46 1,63 2,15 1,89 1,82 1,45 3,65 1,69
Julil
1,74 1,90 4,13 3,51 2,38 1,70 3,72 3,14

Augusti (1-21)
1,47 1,50 2,91 1,62 2,13 3,04 2,06 2,19

Tabell 5: Dygnsmedelvind (m/s), uppmdtt med den nya
dataloggern

juni juli augusti
1 1,9 2,1 2,2
2 1,6 3,8 3,2 korrelation med &ldre,
3 1,4 7,8 5 il mekanisk vindmdtare
4 .15 2,6 3,8 monterad pa termo-
5 2,6 3,8 - meterburen: 0,97
6 2,8 5,4 - skdrningspunkt pa
7 1,3 2,7 2,6 y-axeln 0,37
8 1,8 1,6 1,9 lutningskofficient
9 2,0 2,3 2,4 0,93
10 1,8 Bp il 1,8
11 0,9 1,6 1,8
12 1,1 1,9 2,1
13 1,0 1,4 2,8
14 1,5 1,4 1,6
15 1,7 2,0 2,0
16 2,0 2,3 2,9
17 331 2,2 2,0
18 2,6 2,5 1,2
19 1,6 2,7 1,3
20 2,3 2,4 1,7
21 1,6 5,2
22 1,6 6,7
23 2,2 7,8
24 1,6 142
25 1,6 2,1
26 1,3 2,3
27 1,6 2,1
28 2,0 6,4
29 3,0 7,5
30 2,3 2,2
31 1,1




m/s (datalogger)

JUNI JuLl AUG.
oo (30 dagar) oo (31 dagar) oo (21 dagar)

(=]
-

180° 180° 180°

Fig. 1: vindvdg, Tarfala juni (30 dagar), juli (31 dagar)
och augusti (21 dagar) 1987. Vindens vdg har berédknats for
sektorer om 45 grader.

2 3 4
m/s (mekaniskt Instrument)

o=

Fig. 2: Under sommaren 1987 installerades en datalogger
till vilken bl.a. en vindmdtare var kopplad. En j&mfbrelse
mellan en vindmétare av skdlkorstyp foérsedd med rékneverk
och det nya instrument visar en relativt god korrelation
(0.97). Regressionsanalys visar att det dldre instrumentet
har ett igangsdttningsmotstéand som &r storre dn det nya
instrumentets motstdnd. Resultaten &r inte helt jamfdrbara
d& dataloggern registrerar dygnets medelvind mellan k1l 00
och 24, medan det &ldre instrumentet avléstes kl 07 svensk

vintertid (08 svensk sommartid).



10

Sammanstdllning gy mefeorologiska data

Tabell 6 visar medeltemperaturen i Tarfala 1947-1987. vid
korta avbrott i observationerna har temperaturen ber&knats
med hjdlp av data frdn Kiruna. F&6rst pa 1960-talet

installerades de Siemensskrivare, som kunde ge
registreringar dven under vintermanaderna. Sommar-
medeltemperaturen avser ménaderna juni, Jjuli och augusti.
Medeltemperaturen ar ber&dknad enligt formeln
(TO7+T13+T19)x1/3.

Tabell 6: Medeltemperaturer i Tarfala 1947-1987

AR JAN FEB MAR APR MAJ JUN JUL AUG SEPT OKT NOV DEC  ARS SOMMAR
MEDEL MEDEL
1947 6.1 '10.0 8.3
1948 3.2 0.9 5.7
1949 3.4 4.7 4.0
1950 5.1 7.0 7.5
1951 2,9 5.3 5.7
1952
1953
1954 5.3 9.2 7.0
1955 1.3 7.9 5.8
1956 4.9 9.2 6.3
1957 3.5 0.0 4.3
1958 3.2 5.8 5.9
1959 3.61 7.7 6.4
1960 4.9 8.3
1961 5.8 8.6 6.3
1962 1.8 5.5 3.9
1963 3.3 5.4 5.2
1964 1.9 6.0 4.1
1965 -11.8 -10.2 -11,7 -5.7 -3.9 3,3 5.1 5.6 1.9 -2.4 -10.6 -14.2 -4.,55 4.7
1966  -13.7 -18.7 -13,2 -10.1 -3.1 5.6 7.1 4.5 -1.,8 -7.0 -6.8 -13.1 -5.86 5.7
1967 -13.4 -9.5 -7.3 -5.1 -0.5 2.5 5.9 6.8 3.7 -4.7 -4.7 -14.1 -3.37 5.1
1968 -15.2 -12.5 -10.3 -5.5 -4,5 3.6 5.2 4.6 0.4 -9.3 -5.7 -6.7 -4.66 4.5
1969 -11.8  -14.1 -9.5 -7.3 -3.6 4.7 7.0 9,5 0.8 -2.6 -10.0 -10.3 -3.93 7.1
1970  -11.6 -15.4 -11,3 -9.5 -1.2 7.4 7.7 6.9 1,2 -3.0 -10.5 -8.3 -3.97 7.3
197,  -11,5 -13.6 -13.2 -8.6 -2.8 4.0 5.8 6,0 1.4 -3.7 -9,7 -8.1 -4.51 5.3
1972 -8.1 -8.1 -8.5 -7.2 -1.4 6.7 9.5 6,7 0,8 -3.2 -8.6 -4.4 -2.15 7.6
1973 -8.4 -11.6 -7.9 -8.5 -2.3 3.4 9.5 4.1 -0.6 -6.7 -9.7 -12.5 -4,27 5.7
1974 -9.0 -9.8 -7.3 -3.9 -0.9 4.7 7.0 6,2 3.0 -5.6 -9.,5 -9,1 -2.85 6.0
1975  -10.7 -7.6 -7.6 -7.6 -1.2 0.9 4.6 4,5 1,2 -3.0 -5.6 -11.0 -3.59 3.3
1976  -14.1 -7.8 -10.1 -7.6 0.5 2.7 6.4 ¢.7 -1.3 -5,9 -7.9 -11.2 -4.13 5.3
1977  -14.2  -12.9 -8.9 -10.1 -3.0 1.7 6.1 6.0 -0.3 -3.6 -7.3 -9.5 -4.67 4.6
1978  -12,9 -13.6 -11.5 -8.6 -1.5 4.4 7.8 4.9 -0.4 -5.4 -6.9 -13.5 -4.77 5.7
1979  -13.1  -11.7 -11.0 -7.0 -2.2 4.9 8.4 6.3 0.6 -4.9 -9.5 -9.6 -4.08 6.5
1980 -12.2 -9.7 -1.3 -4.9 -0.8 7.3 9.6 6.6 2.4 -5.4 -9.3 -11.5 -3.27 7.8
1981  -12.0 -10.2 -13.7 -6.3 1.0 1.1 7.3 5.3 1.6 -4.4 -9.0 -14.8 -4.51 4.6
1982  -12.6 -7.3 -9.3 -6.5 -2.0 0.0 6.3 6.0 0,0 -3.2 -6.4 -8,8 -3.65 4,1
1983  -10.4 -8.1  -11.3 -5.4 0.4 2.3 6.7 3.5 2.5 -4.5 10.1 -10.6 -3.75 4.2
1984  -12.9 -8.3 -11.0 -4.7 1.5 4.3 6.4 4.8 0.7 -4.3 -7,0 -6.6 -3.09 5.2
1985  -12.4 -15.8 -9.8 -9.4 -2.6 4.0 7.9 6.1 0,9 -2,2 -6.4 -15.0 -4.56 6.0
1986 -14.6 -10.2 -7.1  -=7.5 1.0 6.2 7.5 4.9 -1,1 -2.7 -6.3 -15.8 -3.81 6.2
1987  -20.9 -14.2 -12.4 -8.0 -2,6 2.8 6.0 3.7 4.2
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Temperaturtrender 1965-1986.

Sommartemperaturen har sjunkit i Tarfala under perioden
1965-1986. En studie av trenden f6r andra delar av dret och
angridnsande omrdden visar att trenden inte &r densamma. I
sammanstdllningen nedan visas medeltemperatur och trend for
nadgra lokaler i norra Lappland.

Tabell 7:
Station Arsmedel- Trend Sommar- Trend Vinter- Trend
1965-1984 temperatur temp temp
grader C
Tarfala -4,0 0,023 5,6 -0,017 -7,2 0,035
Katterjékk -1,7 -0,001 8,8 -0,001 -5,2 -0.008
Kvikkjokk -1,5 0,002 11,5 -0,022 -5,9 0,025
Kiruna -1,8 0.035 10,6 -0,017 -6,0 0,062
Karesuando -2,5 0,012 11,3 -0,017 -7,1 0,023
Jokkmokk -0,9 -0,036 12,9 -0,048 -5,6 -0,032
‘C SOMMARMEDELTEMPERATURER | TARFALA 1947 - 1987

. \/\\// \\/\/\\//\/\4 /\U/\\W

1947 1850 1955 1960 1965 1970 1975 1980 1985

Fig. 3: Sommarmedeltemperaturen i Tarfala 1947-1987.
Figuren visar medeltemperaturen f8r juni, juli och augusti.
vid korta avbrott i temperaturserien fradn Tarfala har
temperaturen berdknats med hjdlp av data fran Kiruna.
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1'3_ MANADSMEDELTEMPERATURER | TARFALA
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Fig.4: Manadsmedeltemperaturerna f6r juni, juli och augusti
i Tarfala 1947-1987. Vid korta avbrott i temperaturserien

fran Tarfala har temperaturen berdknats med hjdlp av data
fran Kiruna.

C* AR C° SOMMAR C° VINTER
21 21 2“

SNV it J \J\j\vj

1965 & 1975 = 1984 1965 & 1976 = 1984 ' 1968 1975 = 1984

Fig. 5: Temperaturens avvikelse frdn samma periods
medelvérde. vid berdkning av avvikelsen har
medeltemperaturen f&6r &ren 1965-1984 utnyttijas.
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5 -ars lopande sommarmedeltemperaturer under perioderna A-G
15-dagars perioder

Tarfala 1946-1987
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Fig. 6: Lopande medelvdrden f£0Or temperaturer i Tarfala
under 15-dagarsperioder 1946-1987. Period A, 31 maj-14
juni; B, 15-29 juni; C, 30 juni-14 juli; D, 15-29 juli; E,
30 juli-13 augusti; F, 14-28 augusti; G, 29 augusti-12
september.

1987
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Fig. 7: Diagrammet visar under hur manga dagar temperaturen
overstigit 15 grader respektive 10 grader Celsius under
somrarna 1965-1987.
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Fig. 9: Vidret har frdn och med slutet av maj 1987 borjat
registreras vid en ny mast med nya och delvis pa annat sé&tt
konstruerade givare. En jamférelse med de dldre
instrumenten visar i vad m&n resultaten kan ja@mfdras.

A: En jamfdrelse mellan temperaturer registrerade av
Siemensskrivare och givare placerad i temperaturbur av
SMHI-modell (x-axeln) och den nya dataloggerns
registreringar (y-axeln).

B: En j&amférelse mellan avldsningar (Hg-termometer) i
temperaturburen (X-axeln) och den nya dataloggerns
registreringar. Korrelationskoefficienten &r 0.97 och
lutnings- koefficienten 1.06.
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THE NEW AUTOMATIC RECORDING WEATHER STATION, 1987 A TEST
YEAR

Peter Jansson
Introduction

The new automatic weather station was installed in late May
by Michael Ostling. This station contains a complete set of
meteorological sensors for monitoring the weather
conditions at the Tarfala station. The equipment had been
used by Ostling during the winter for his avalanche project
at Riksgrédnsen. A program for the 21X datalogger was set up
to collect data from the instruments. The first of June was
set as the official start of this test.

The meteorological station

The meteorological station consists of a mast on which most
of the sensors and equipment are attached. A weatherproof
box is fastened to the mast, creating a safe environment
for the CSI 21X datalogger, a 220V AC outlet and an 12V
AC/DC adaptor. The mast is situated on the site hitherto
used for meteorological observations at Tarfala Research
Station.

Meteorological instruments

Temperature and humidity are monitored by a ROTRONIX YA-100
combined temperature and humidity probe. The accuracy of
this instrument is about 0.2°C and --% humidity. The wind
sensor is a YOUNG WINDMONITOR. This equipment gives both
wind direction and speed. Influx radiation is measured with
a LI-COR PYRANOMETER LI-200SB. This instrument has an
accuracy of 5%. In addition to this sensor there is also a
NET RADIOMETER Q3. Precipitation data is acquired by means
of a tipping bucket rain gauge. This gauge was calibrated
in May and proved to give 0.16 mm of water per pulse. How
accurately this rain gauge records precipitation compared
to the standard SMHI (Swedish  Meteorological and
Hydrological Institute) rain gauge is yet to be evaluated.
The largest gain lies, however, in the increased resolution
of precipitation data, making it possible to look at
relative intensities on a scale less than one minute.

The instruments described above constitute the setting used

throughout the 1987 summer season. Some additional
instruments are available for different seasonal
measurements.

Three Pt-100 temperature gauges are available for earth
temperature measurements during the summer season. These
will be put in operation during the summer of 1988. An
additional Pt-100 is available for stream  water
temperature. Four copper-constantan thermocouples are also
available for snow temperature measurements during the
winter season.
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In addition to these, a heated tipping bucket rain gauge
has been bought to replace the previously mentioned one to
record wet snow precipitation in the early season. Finally,
an air pressure transducer has been ordered and will Dbe
installed upon arrival to complete the equipment.

Measurement program

During the summer season of 1987 the sensors have been
monitored every ten seconds. Measurements of temperature,
humidity, wind speed and direction and influx radiation
were averaged over one hour periods and these averages were
stored. Rain fall recorded by the tipping raingauge was
first recorded in ten minutes summaries. This proved to be
a very memory consuming way of keeping record of periods
with no rain. A modification was made by the author in the
datalogger program at midsummer that enabled storage of
precipitation data whenever a pulse came from the tipping
bucket raingauge. This way, data was stored only when there
was rainfall. Furthermore the resolution of the data was
lowered to ten seconds, which is well below the accuracy of
the raingauge itself.

At the end of the season the datalogger program was
completely rewritten to comply with the new equipment
arriving at the end of the summer, but also to enable
measurements during the entire year. The new program gives
the same output as the program used during the summer
season but for the period May lst to September 31st. From
October 1lst to April 31st the output will be three hour
averages instead of one hour. It will also enable
measurements of snow temperature during the period. This
had to be done in order to receive continuous recordings
during winter when visits to the station by personel are
scarce and the memory of the datalogger risks being
overwritten. Data from the datalogger was continuously
processed throughout the season. As an example some of the
data are shown below, such as temperature (Fig.10), influx
radiation (Fig.11l) and windspeed (Fig.12). A compilation of
daily maxima and minima of some meteorological parameters
is given in appendix 2.
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Temperature Tarfala 1987
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Fig.10: Temperatures (l-hour averages) at Tarfala Research
Station 1987. Day 152 is 1lst of June, 182 is the l1st of
July and 213 is the 1lst of August.
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figure 10.
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NEW MAPS OVER THE KEBNEKAISE AREA
Per Holmlund

Three new maps of the glaciers in the Kebnekaise massif
have been constructed at the Department of Physical
Geography. One covers the drainage basin of the upper
Tarfala basin, the second covers the Rabots glacidr and the
third one cover the whole massif. The first two were
printed in the scale 1:10 000 in October 1987 and the third
was printed in the scale 1:20 000 by LiberKartor in early
1988.

Inledning och bakgrund

Nir den glaciologiska verksamheten kom igdng i Tarfala vid
mitten av fyrtiotalet kom behovet av en arbetskarta att
prioriteras hoégt. Omrddet flygfotograferades f£&r foérsta
gdngen 1946 av flygvapnet. Emellertid t&ckte inte flyg-
strdken hela det for &ndamdlet intressanta omrédet. En ny
fotografering utfdrdes d&rfér 1949 frdn ca 3000 m h&jd.
Aven denna gadng utfdrdes fotograferingen av flygvapnet. Det
geodetiska underlaget f&r kartkonstruktionen gjordes i
efterhand genom inm&tning i f&lt av block etc, som kunde
urskiljas i flygbilderna. Kartan trycktes i skalan 1:20 000
och publicerades i Geografiska Annaler 1951 av Erik
Woxnerud.

1959 togs den f&rsta serien av lodbilder som skulle komma
att bilda underlag till Kartverkets nya topografiska karta
i skalan 1:100 000. Ur dessa bilder konstruerades genom
Valter Schytts férsorq, en ny arbetskarta over
Storglacidren och Isfallsglacidren i skalan 1:10 000. Denna
karta publicerades i en forenklad form i Svensk
Naturvetenskap (1962). Skalan &r ca 1:20 000.

1973 trycktes den férsta fotogrametriskt utfdrda
detaljkartan som hade konstruerats med hjédlp av punkter
signalerade i f&lt. Kartan bygger pé& flygbilder som togs
den 14 september 1969 och &r tryckt i skala 1:10 000.
Kartan har inte publicerats i sin helhet, men bildar
underlag f8r kartskisser m.m. i publikationer efter 1973.
Valter Schytt, som var ansvarig £for de tvd senare kartorna,
sdg det angeldget att skapa en kontinuitet i kart-
framstdllningarna. 1979 planerades ddrfér en ny foto-
grafering, som signalerades i f&lt 1 augusti samma ar.
Tyvdrr passade inte de f& solskensdagarna i slutet av denna
sommar in i Lantmiteriverkets planering och foto-
graferingarna fick skjutas upp till &ret efter. Sommaren
1980 var solig och varm varfdr flygfotograferingar kunde
utféras sadvdl den 29 juli som den 18 augusti.
Fotomaterialet omfattar svartvita bilder frédn 4600 m
flyghéjd och 1IR-bilder fr&n 9200 m respektive 3000 m
flyghdjd. Det svartvita strdket gdr i ost-védstlig riktning
och tdcker ett ca 10 km brett och 20 km langt omrdde. Da
bildmaterialet var av god kvalitet beslutades att hela
strdket skulle karteras.
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En ®6verenskommelse fattades med LiberKartor enligt vilken
kartan skulle omfatta hela Kebnekaisemassivet ner till
STF:s turiststation i Ladtjovagge. Kartan skulle tacka ett
ur turistisk synvinkel intressant omradde och skulle d&rmed
kunna forsdljas till allmdnheten. Overenskommelsen innebar
vidare att hdgh&jdsbilderna i IR maste utnyttjas foér
karteringen av den sydligaste delen av omréddet samt att
kartan skulle renritas, graveras och f&rdigstdlls pa
institutionen. Renritningsarbetet kom att bli mer
omfattande &n vi frén bsdrjan kunnat ana p.g.a luckor mellan
kartblad och korsande h&jdkurvor i branta partier.
Lyckligtvis pégick samtldlgt en omkonstruktion av 1959 A&rs
karta, som bygger pd& flygbilder fré&n 1l4g hdjd med mycket
god upplésning. Vissa klipp-partier kunde d&rmed "lanas"
fran denna.

Namnsdttning

Problem uppstod vid namnsdttningen pa kartorna. De flesta
namn &r av lapsk h&rkomst och har inarbetats och anvants
flitigt sedan generalstabskartan 6ver omrddet kom ut A&r
1888. F6r ndgra &r sedan bdrjade Lantmdteriverket ge ut en
serie fjdllkartor med en delvis ny namnsdttning, med en
stavning av lapska namn som ofta &r obegrlpllg Jag har
kontaktat namnkunnlga samer och bett om rad i fragan, och
det har visat sig vara ett kd&nsligt &mne, s& k&nsligt att
samerna inte vill offentllggora sina namn. De agerar for
samernas sak 1 sprdksakfrdgan, men de &r eniga om att
principerna har fatt overskugga det sunda fornuftet vid den
senaste namnsdttningen pa fjdllkartorna. I Svenska
Fjallklubbens tidning “Till Fj&lls" skrivs apropd denna
frdgestdllning att "Hur man &n ser pd detta problem kan man
konstatera att fjdllkartorna &r gjorda f&r praktisk
anvadndning i f&lt av turister och fjédllvandrare. Samerna
brukar klara sig utan kartor." Jag har valt att anvdnda den
gangse, i litteraturen inarbetade namnsdttningen som finns
pd det topografiska kartbladet 29 I &ver Kebnekaise och Nya
Fjdllkartan blad BD 6 och BD 8. Vissa korrigeringar har
dock gjorts d&r namnen pa dessa kartor varit felaktiga
eller ddr annan stavnlng dr att foredra. I vissa fall har
dubbel namnsattnlng varit nodvandlg sdsom i fallet
Tarfalajahka, dir namnsdttningen pd den topografiska kartan
4r felaktig enligt samerna. Tarfalajdhka existerar, men den
&r beldgen pd en annan plats. Det riktiga namnet pa jékken
4r enligt samerna Smadjejdhka. Begreppet Tarfalajdhka &r
emellertid s& inarbetat, inte minst i vetenskaplig
litteratur, att det vore dumt att inte ta med det. Namnet
&r d&rfdér medtaget men inom parentes. I Tarfaladalen
forekommer en blandning av lappska och svenska namn med de
stavningar, som har anvants i vetenskaplig litteratur.

Vissa hogduppglfter har &ndrats sedan den topograflska
kartldggningen i borjan pad sextiotalet. H&jderna pa de nya
kartorna bygger pa den stereomodell som anvidndes vid dver-
féringen fran flygbilderna samt pa de faltmatnlngar som ut-
férdes under sommaren 1986. H&jden p& Sydtoppen &r satt
till 2114 m vilket &r ett medelvdrde av de médtningar som
gjorts fran Tarfaladalen &ren 1947-1985.
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Informationen i kartorna

Tarfalakartan omfattar ett stdrre omrdde &n nagon tidigare
detaljkarta &ver omrddet. S&vdl bergspartier som glacidrer
4r noggrant karterade. Kartan innehaller dessutom resultat
frdn radioekosonderingar, som har utfdrts 1979-1986. Detta
har bl.a. medfért att Storglacidrens sbdra begrédnsning har
omtolkats och glacidrens area har d&rmed &kat med ca 10 ha.
Valter Schytts intention var att en karta skulle produceras
ungefir vart 10:e &r. De hittills producerade kartorna fran
dren 1949, 1959, 1969 och 1980, har bl.a. utnyttjats f£or
verifiering av de i f&lt utférda massbalansmdtningarna pa
Storglacidren (Holmlund 1987 a.).

Mordner har klassats som tillh®rande en av tva grupper, som
i princip skiljs &t av glacidrens yttre begré&nsning. Pa
glacidren har jag skiljt mellan talus pad is och
mittmor&ner. Talus pd is skulle i och f£f6r sig kunna
innefatta den senare termen, men dad denna &r morfologisk
har jag beddmt att den har ett bildvarde. Utanfdér glacidren
heter huvudgrupperna, markerad mordnrygg resp. stdrre &nd-
eller sidomordn med markerat kroén. Den senare formen avser
framst s.k. ice-cored moraines. En mellanform finns ocksa

med f£6r stdrre &nd- eller sidomordner av voluminds
karaktdr, som saknar egentligt krén. L&ngs Storglacidrens
sédra sida finns en nyckellokal for morédnernas

klassificering. Den moranrygg som gar l&ngs glacidrens
tunga har &verst klassats som talus pa is medan dess nedre
del har klassats som isfylld mor&n. Grénsen mellan dessa
former sammanfaller med glacidrens grédns som hdr har
dragits vid ett isdjup pd 15-20 meter. Detta isdjup har
valts av tva skil. Dels &r det en naturlig gréns inom
kartbladen och dels kan isens rdrelse fdrmodas vara liten
inom dessa tunna partier. Den ®dvre delen av "sidomor&nen"
vilar p& t&mligen md#ktig glacidris medan den nedre &r
strikt lateral och vilar pd en férhallandevis tunn isb&add.
Med utgdngspunkt fran detta nyckelomrdde har lokalerna vid
Storglacidrens norra sida, vid Tarfala- och
Kebnepakteglacidren samt vid Bjdrlings och Enquists
glacidrer kunnat inordnas i klassificeringssystemet.

Sprickorna har karterats efter deras storlek och frekvens i
bilderna. Beroende pd ljusets infallsvinkel mot sprickorna
har vissa skenbara olikheter uppstdtt. Kompletteringar
efter filtobservationer har darfér gjorts framfér allt i
partier dar sprickornas mdngd och storlek har blivit
underrepresenterade vid karteringen.

Glacidrbrunnarna &r karterade med hjdlp av 1980 ars
flygbilder samt kompletterade efter fdltmétningar utfdrda
sommaren 1981 (Holmlund 1982).

De rdsade lederna &r karterade fréan flygbilderna och é&r
dirmed noggrant &tergivna. "Ostra leden"”, mellan Kebnekaise
fjdllstation och Toppstugan har, i enlighet med &nskemdl
fr&n turistndringen, inte ritats ut eftersom leden kraver
mycket god fjdllvana. Strdckningen av de ordsade lederna
kan ses som rekommendationer dir egentliga stigar saknas.
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Slutord

Jag vill fdrst rikta en tanke och: ett tack till Valter
Schytt som initierade detta projekt men som tyvdrr inte
fick vara med om konstruktions- och tryckningsarbetet. Olle
Hedbom har med sitt kartografiska kunnande och sin positiva
attityd varit ett ovdrderligt stdd. Eivor Granbom har
graverat och ritat kartorna. Hon har inte bara fatt visa
sina tekniska och konstndrliga fdrdigheter utan ocksd sitt
tdlamod n&r hon har arbetat med ett stundom svartolkat
underlag. Are Areschoug och Bertil Fagerlund gjorde den
omfattande stereografiska &verfdringen frén flygbilder till
kartkoncept. Marianne Lindstrém gjorde stereoarbetet pa
1959 ars flygbilder &ver Tarfaladalen. Sigrid Bergfelt har
assisterat med sitt kunnande under hela konstruk-
tionsarbetet. Wibjdérn Karlen har under arbetets gang
bidragit med mdnga vdrdefulla synpunkter som i h8g grad har
férbattrat kartorna. Jag vill &ven rikta ett varmt tack
till Bertil Eriksson vid Sjéfartsverket som genom sitt
tillmdtesgdende 16ste tryckningsfrdgan pd ett generdst
sdtt. Thomas Mann, chef f6r LiberKartor, har med entusiasm
tagit sig an Hogfjdllskartan och visat stor generositet vid
reproduktionsarbetena vid framst&dllningen av de andra tva
kartorna.

Ekonomiskt st&d har givits frdn Carl Mannerfelts och Axel
Lagrelius fonder samt frdn Naturvetenskapliga Forsknings-
rédet.
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STORGLACIAREN 1986/87
Peter Jansson

The 1986/87 mass balance of Storglacidren was strongly
positive. The winter balance was 1.69 m water equivalent
(w.eq.) and the summer balance was 1.22 m w.eq. This gives
a net balance of +0.48 m w.eq., which is the fourth largest
positive mass balance recorded on Storglacidren. This adds
another year to the previous 41 years of continuous mass
balance measurements on Storglacidren (Fig. 15).

Winter balance

The survey of the 1986/87 winter balance was carried out
May 18th to May 21st. The lower part of the ablation area
was surveyed on the 18th of May. The measurements in the
ablation area were finished the next day. Finally, the
accumulation area was surveyed on the 21lst of May. Snow
density distribution throughout the snow pack was studied
in four pits dug so that they gave information about the
snow conditions on the day of the corresponding survey. The
survey was performed according to the standard for winter
balance measurements. The distance between the sites probed
was 100 m (Appendix 3). A total of 287 points were probed.
A number of these measurements were made outside the
standard net at points close to the glacier margin where
the accumulation is known to change rapidly within a short
distance. A map was drawn on the basis of the water
equivalent values obtained at each point of the standard
net. The winter balance was obtained by first measuring all
the areas with different w.eq. values in each 20 m
elevation interval of the glacier. These results were then
multiplied by the mean w.eq. value, i.e. the average mass
balance, for each area. After summation, values for the
winter balance in each 20 m elevation interval were
obtained (Table 8). The sum of these values gives the
1986/876y}nter balance. The 1986/87 winter balance was
5.13*#10%m> of water, or a specific value of 1.69 m w.eq. on
the entire glacier.

Summer balance

The summer season started on the 21st of May and lasted
until the 14th of September. The season was dominated by
very low temperatures. In early August temperatures dropped
below freezing and stayed low throughout August.
Precipitation during this period came in the form of snow.
Late in. the season temperatures rose again and further
ablation took place. The summer balance was continuously
studied throughout the season. The ablation area was
surveyed 14 times while 13 surveys were made in the
accumulation area (Fig. 16). Pits were dug simultaneously
with the surveys to follow the changes in density
distribution in the snow pack. A map was drawn based on the
mass balance figures on the 14th of September for each of
the 68 stakes that were monitored throughout the season. In
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the uppermost part of the firn area, where there are no
stakes, ablation was assumed to be correlated with altitude
in accordance with the ablation gradient (Haefeli 1962).
The ablation gradient is obtained by means of linear
regression analysis of the ablation values for the stakes,
as a function of their altitude. Calculation of the summer
balance was made in an identical manner as that of the
winter galgnce (Table 8). The 1986/87 summer balance was
3.69*10° m®> of water or a specific value of 1.22 m w.eq.
on the entire glacier.

Net balance

The specific net balance in 1986/87 as a function of
altitude varies from -0.70 m at 1320-1340 m a.s.l., to 0 m
at 1410 m a.s.l. (the equilibrium line by definition); and
to +2.36 at 1700-1720 m a.s.l. The results are shown in
figures 13 and 14, and in table 8. The ar%ag net balance
for the 1986/87 balance year was +1.44*10°m~ water or a
specific value of +0.48 m w.eqg. on the entire glacier. The
winter balance of 1986/87 is roughly equal to the winter
balance of 1985/86. The difference in net balance is due
only to the difference in summer balance.

Table 8: Mass balance 1986/87 Storglacidren.

Altitude Area, Winter balance gSummer balance Net balance

interval 10“m total spec.

ma.s.l. 107m3 mp Egt;% ;pec. ggg;% ;Pec-
1 1130-1140 4 5.85 1.63 - _
2 1140-1160 8 13.65 1.63 13:;2 1133 _2‘38 _8'33
3 1160-1180 12 17.98 1.55  19.92 1.72 -1.90 -0.17
4 1180-1200 23 30.33 1.29 40.66 1.73 -10.33 -0.44
5 1200-1220 41 50.66 1.24 72.47 1.78 -21.81 -0.53
6 1220-1240 59 74.23 1.25  94.54 1.60 -20.31 -0.34
7 1240-1260 69 78.40 1.13  109.19 1.57 -30.79 -0.44
8 1260-1280 87 86.04 0.99 140.59 1.62 -54.55 =0.63
9 1280-1300 70 76.64 1.10 117.16 1.68 -40.52 -0.58

10 1300-1320 86 112.91 1.31 136.73 1.58 -23. -0.

11 1320-1340 146 136.19 0.93 239.00 1.63 —133.3% —g.gg
12 1340-1360 247 205.88 0.84 355.89 l1.44 -150.02 -0.61
13 1360-1380 271 271.37 1.00 344.98 1.27 -73.61 -0.27
14 1380-1400 216 243,22 1.13 289.28 1.34 -46.06 -0.21
15 1400-1420 100 159.46 1.59 112.65 1.13 46.81 0.47
16 1420-1440 65 124.55 1.91 73.46 1.13 51.09 0.78
17 1440-1460 60 101.15 1.69 67.50 1.13 33.65 0.56
18 1460-1480 91 137.58 1.51 102.30 1.13 35.29 0.39
19 1480-1500 162 298.61 1.85 179.67 1.11 118.95 0.74
20 1500-1520 178 385.97 2.17 196.26 1.10 189,70 1.06
21 1520-1540 113 243.33 2.16 122.30 1,08 121.03 1.07
22 1540-1560 97 191.11 1.97 104.39 1,08 86.72 0.89
23 1560-1580 121 243.90 2.02 131.40 1.09 112,51 0.93
24 1580-1600 150 338.50 2.25 131.36 0.88 207.13 1.38
25 1600-1620 142 360.39 2.54 124,36 0.88 236.02 1.66
26 1620-1640 143 403.52 2.82 127.86 0.89 275.66 1.93
27 1640-1660 123 345.69 2.82 107.45 0.88 238.24 1.94
28 1660-1680 78 208.31 2.67 68.36 0.88 139.94 1.79
29 1680-1700 49 128.54 2.62 42,94 0.88 85.61 -~ 1.74
30 1700-1720 17 55.15 3.23 14.94 0.88 40.21 2.36

1130-1720 3028 5129.08 1.69 3690.08 1.22 1439.00 0.48
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MASS BALANCE STUDIES OF BJORLINGS GLACIAR, RABOTS GLACIAR
AND TARFALA GLACIAREN

Veijo Pohjola

The mass balances of Bjorlings glaci&dr, Rabots glacidr and
Tarfalaglacidren were studied during 1986/87. This report
deals with the winter, summer and net balances for each
glacier. The net balance of each of the three glaciers was,
expressed in meter water equivalents: Bjorlings glaciédr,
+0.5 m, Rabots glaci&r,+0.2 m and Tarfalaglaci&dren,+0.9 m.

Inledning

I Kebnekaisemassivet finns ett tiotal glacidrer med
varierande storlek och exponeringsldge (Schytt 1959).
Tidigare har massbalansstudier endast Dbedrivits pa
Storglacidren, men de senaste aren har massbalanstudierna i
massivet utvidgats till att omfatta fler glacidrer. De
glacidrer, férutom Storglacidren, som studerades 1986/87 i
Kebnekasiemssivet &r:

Bjbrlings glacidr (1.4 km2), en n1schglac1ar vilken ligger
sydést om Kebnekasises sydtopp inom h&jdintervallet 1410-
2010 m &.h.. Ca 50% av dess yta ligger inom intervallet
1575-1650 m.6.h., vilket ger ett flackt intryck. Gla01aren
&r O6verférdjupad under denna flacka del. Massbalansen pa
glacidren har undersokts 1982/83 (Moberg 1984), 1984/85
(Stroven och van de Wal 1985) och 1985/86 (Tarfala
Arsrapport 1986).

Rabots glaciar (3.9 kmz); glacidren 1ligger vaster om
Kebnekaise och &r den stdrsta 1 massivet. Morfologiskt sett
dar den en dalglacidr. De tre nischer som foérsdrjer
glacidren &r osymmetriskt fordelade till glacidrens sddra
sida, vilket ger glacidren en komplex isdynamik.

Massbalansstudier pa glacidren har utfdrts sedan 1982
(Haeberli 1987, Stroeven and van de Wal 1987, Tarfala
Arsrapport 1986).

Tarfalaglacidren (0.9 km ), glacidren &r mycket brant och
radloekosonderlngar v1sar att glac1aren ar tunn. Den 11gger
inom ett hdjdintervall pd 1390-1790 m &.h pd Tarfalatjakkas
6stsida. Glacidren betecknas av Ostrem et al. (1973) som en
"ice apron", dvs en mindre glacidr som saknar nischvéggar.
Tidigare undersﬁkningar har visat att glacidren &r mycket
kdnslig f6r klimatiska fodrdndringar. Dess massbalans har
ocksd undersdkts 1985/86 (Tarfala Arsrapport 1986).

Metod

Vinterbalansen har kvantifierats med hjdlp av
sndsonderingar utfdrda i slutet av ackumulationssé&songen.
Sonderingspunkterna ligger i profiler ©ver den undersdkta
glacidren med 100 meters intervall. Stakar eller
karakteristiska morfologiska element har tj&nat som
riktmdrken. Under snétaxeringen har &ven ett eller ett par
sndschakt grdvts i vilka snoéns densitet undersdkts.

Sommarbalansen berdknades med hjdlp av de stakmdtningar och
sonderingar, som utférdes i slutet av ablationssdsongen.
Ablationen i dessa punkter anvédndes till att berdkna en
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ablationsgradient f&r  respektive glaciédr. Ablationen
plottades mot stakarnas h&éjd &ver havet och en 1linjér
funktion av férhdllandet berédknades genom en
regressionsanalys.

Ablationsfunktionen ges av:

a=kz+C
didr a = ablationen
k = ablations gradienten
z = stakens h&jd 6ver havet
C = konstant

P4 Tarfalaglacisren berdknades tva ablationsgradienter da
ablationen var f&r komplex f&r att beskrivas av ett enkelt
linjdrt fohdllande.

Resultat
Bjdrlings glacidr

Métningen av vinterbalansen utfdrdes den 30:e maj.
snddjupet sonderades i 87 punkter och snons densitgt
undersdkters i ett schakt. Densitetep _var 0.47 g/cm”.
Vinterbalansen gav en volym av 1.20*10°m”, vilket ger ett
vattenvdrde pd 0.84 m vatten (Tabell 9).

Ablationen under sommaren mittes vid sju stakar pa
glacidren. De sju stakarna hade tyvarr en begrédnsad
vertikal spridning. Detta faktum innebar att ingen palitlig
ablationsfunktion kunder ber&knas. D& Syddstra Kaskasa-
tjdkkoglacidren har en exponering och orientering vilken
liknar den Bjdrling har, anvéndes ablations- radienten frén
den fdrra, vilken var -0.47 cm/m. Ablatignen berdknades av:

a = 8.05-(0.47*10°2)

Sommarbalansen gav en total f&rlust pa 0.5%10%m3 vatten,
vilket i vattenvdrde motsvarar -0.4 m.

Tabell 9: Massbalans 1986/87 Bjdrlings glaciar.

Altitude Area Winter balance Summer balance Net balance
interval 107m* total spec. total spec. total spec.
ma.s.l. 1077 m 10 m 107m? m
1 1410-1450 9 2 0.2 12 1.3 -10 -1.1
2 1450-1490 21 7 0.3 24 1.1 -16 -0.8
3 1490-1530 31 15 0.5 29 1.0 -14 -0.5
4 1530-1570 91 82 0.9 70 0.8 12 -0.1
5 1570-1610 314 334 1.1 182 0.6 152 0.5
6 1610-1650 450 255 0.6 175 0.4 80 0.2
7 1650-1690 203 144 0.7 41 0.2 103 0.5
8 1690-1730 177 155 0.9 2 0.0 153 0.9
9 1730-1770 86 113 1.3 0 0.0 113 1.3
10 1770-1810 23 38 1.6 0 0.0 38 1.6
11 1810-1850 16 30 1.9 0 0.0 30 1.9
12 1850-1890 8 15 1.9 0 0.0 15 1.9
13 1890-1930 2 4 1.9 0 0.0 4 1.9
14 1930-1970 3 6 1.9 0 0.0 6 1.9
15 1970-2010 1 2 1.9 0 0.0 2 1.9
1410-2010 1435 1202 0.8 535 0.4 667 0.5
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Den ber#dknade nettobalansen synes plottad mot sommar och
vinterbalanserna i figur 17. Nettot blev ett positivt
vattenvdrde p& 0.5 m. Den toga}a volymen av tillskottet i
vatten berdknades till 0.7*10°m~” vatten.

Rabots glacidr

Mdtningen av sndackumulationen pa& Rabots glacidr utfdrdes
den 18 maj. Snédjupet mattes i 205 punker och tvad sndschakt
grdvdes f8r bestdmning av sndns densitet. Det ena schaktet
grdvdes hégt uppe i ett av glaciirens ackumulations-nischer
och det andra grdvdes pa mitten av glcidrens tunga.
Densiteten var vid ackumulatipnsnischen 0.45g/cm® och vid
det nedre schaktet 0.43 g/cm . Vinterbalansen gav totalt
ett tillskott pa 4.55*10 m3 vatten till glacidren. Detta
ger per ytenhet ett vattenvdrde pa +1.2 m.
Ablationsundersskningen fdretogs den 10 september. Tio
stakar, v&l &spridda pa glacidren mattes. Dessutom
sonderades snddjupet mellan de stakar som ladg i de Sversta
delarna av glacidren. Arets ablationgradient beré&knades
till -0.24 cm/m. Ablationen i varje hdjdintervall gavs av:

a = 4.20-(0.24%10"2z)

Sommarbalansen gav en total vattenférlust pa 3.68_*106m3
vatten. Vattenfdrlusten per ytenhet var -1.0 m (Tabell 10,
Fig. 18). Massbalansdret 1986/87 gav ett netto pa +0.2 m
vatten per ytenehet. Uttryckt _i_ total volym vatten ger
detta ett tillskott av 0.9*10%m3 vatten. J&mviktslinjen
berdknades att 1986/87 ligga vid 1335 m &. h.
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Tabell 10: Massbalans 1986/87 Rabots glaciér.

@ltitude Ar%az Winter balance Summer balance Net balance
interval 10°m~ total spec. total spec. total spec.
ma.s.l. 107m? m 10%m? m 10°m? m
1 1060-1100 42 15 0.4 69 1.6 -54 -1.3
2 1100-1140 97 48 0.5 151 1.6 -103 -1.1
3 1140-1180 158 107 0.7 231 1.5 -124 -0.8
4 1180-1220 220 169 0.8 301 1.4 -132 -0.6
5 1220-1260 366 316 0.9 465 1.3 -149 -0.4
6 1260-1300 439 403 0.9 518 1.2 -115 -0.3
7 1300-1340 271 263 0.1 293 1.1 -30 -0.1
8 1340-1380 512 600 1.2 507 1.0 93 0.2
9 1380-1420 323 425 1.3 291 0.9 134 0.4
10 1420-1460 243 312 1.3 194 0.8 118 0.5
11 1460-1500 333 455 1.4 236 0.7 219 0.7
12 1500-1540 378 562 1.5 231 0.6 331 0.9
13 1540-1580 184 294 1.6 96 0.5 198 1.1
14 1580-1620 116 187 1.6 49 0.4 138 1.2
15 1620-1660 82 137 1.7 27 0.3 110 1.3
16 1660-1700 49 86 1.8 12 0.2 74 1.5
17 1700-1740 39 69 1.8 5 0.1 64 1.6
18 1740-1780 23 41 1.8 1 0.1 40 1.7
19 1780-1820 10 18 1.8 0 0.0 18 1.8
20 1820-1860 9 17 1.9 0 0.0 17 1.9
21 1860-1900 7 13 1.9 0 0.0 13 1.9
22 1900-1940 6 11 1.9 0 0.0 11 1.9
1060-1940 3907 4548 1.2 3677 0.1 871 0.2
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Tarfalaglacidren

Snétaxeringen p& Tarfalaglacidren utfdrdes den 24 maj. Snén
sonderades i 48 punkter och ett sn&schakt grédvdes i vilket
sn6n§ densitet bestdmdes. Snéns densitet befanns vara 0 4;
g/cm”. Arets vinterbalans Dberdknades till 1. 61*10 m
vatten. Detta ger ett vattenvdrde pd +1.9 m.

Under &ret borrades fyra stakar ned i en longitudinell
profil 1ldngs Tarfalaglacidren. De fyra stakarna anvandes
till ablationsberdkningen pd glacidren. Vid analyseringen
av ablationen befanns den vara for komplex £6r att
beskrivas av endast en ablationsgradient. Darfdr berdknades
tvd ablationsgradienter f&6r Tarfala glacidren. De ber&knade
ablationsgradienterna var f£6r h&jdintervallet 1390-1510 m -
0.09 cm/m och f6r hojdintervallet 1510-1790 m &.h. -0.88
cm/m. Ablationen i varje hojdintervall ber&dknades genom:

a = (0.09%*10"22)-0.07
och 2
a = 14.42-(0.88%10%z)

Den totala ablationen gav en massfdrlust pa oO. 84%10%m3
vatten, vilket per ytenhet ger -1.0 m vatten.

Bokslutet f6r Tarfalaglacidrens massbalans 1986/87 blir ett
tillskott pé&d +0.9 m vagtgn per ytenhet. Det ger ett
nettotillskott av 0.76*10 vatten (Tabell 11, Fig. 19).
Ablationen Overskred inte ackumulationen p& nagon punkt,
darfér utbildades det inte nd&gon j&mviktslinje pa
Tarfalaglacidren detta &r.

Slutsats

Den frédmsta orsaken till att det hydrologiska &aret 1986/87
gav en positiv massbalans var att sommaren 1987 var kall
och regnfattig, vilket gav en lag ablation. Ackumulationen
var normal j&mfért med tidigare ar.

Tabell 11: Massbalans 1986/87 Tarfala glacidren.

Altitude ga Winter balance Summer balance Net balance
interval m~ total spec. total spec. total spec.
ma.s.l. 10%n’ m 10”°m? m 107m? m
1 1390-1430 95 168 1.8 116 -1.2 52 0.6
2 1430-1470 146 259 1.8 180 -1.2 79 0.5
3 1470-1510 146 255 1.7 185 -1.3 70 0.5
4 1510-1550 125 219 1.7 170 -1.4 49 0.4
5 1550-1590 110 201 1.8 110 -1.0 91 0.8
6 1590-1630 97 197 2.0 63 -0.6 134 1.4
7 1630-1670 63 128 2.0 19 -0.3 109 1.7
8 1670-1710 52 111 2.1 0 0.0 111 2.1
9 1710-1750 23 51 2.2 0 0.0 51 2.2
10 1750-1790 8 19 2.4 0 0.0 19 2.4
1390-1790 865 1608 1.9 843 -1.0 765 0.9
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SYDOSTRA KASKASATJAKKAGLACIAREN 1986/87
Hakan Grudd

The mass balance of Syddstra Kaskasatjdkkaglacidren has
been investigated during 1986/87. The winter balance was
1.56 m w.eq. and the summer balance was -1.13 m w. eq.,
giving a positive net balance of 0.42 m.

Syddstra Kaskasatjdkkaglacidrens massbalans har berdknats
fé6r andra &ret i f8ljd. Metoderna som anvdnts &r desamma
som finns beskrivna i 1986 Aars Tarfalarapport (Grudd
1986).

Vinterbalans

En sn01nventer1ng utfdérdes 29-30:e maj varvid snddjupet
bestdmdes i 125 punkter p& glacidren och sndns densitet
bestidmdes j ett schakt. Medeldensiteten vid schaktet var
0.42 Mg/m~° och detta vdrde anvdndes f6r hela glacidren.

Vlngergalansen fram till 30:e maj berdknades till 698.4
*10° m’ vatten. Den 5:e juni kom ett kraftigt sndfall och
den 10:e kom ytterligare snd. Dessa sndmdngder m&ttes
aldrig pa Sydostra Kaskasatjakkaglaciéren, ddremot mé&ttes
den nya sndén vid stakarna pé Storglac1aren och dessa varden
anvadndes for att uppskatta snomangderna pd olika hdjder pa
Sydéstra Kaskasatjakkaglaci fren:3 Den totala vinterbalansen
berdknades till 776.1 *10 m” vatten, vilket ger det
specifika vdrdet 1.56 m.

Sommarbalans

Av det stakndt pd 10 stakar som sattes ut 1986 aterfanns
efter vintern endast 5 stycken, de andra var Oversndade
eller forstdrda av laviner. P& de fem aterstaende stakarna
mdttes ablationen under sommaren. Under en 19 dagars period
midttes ablationen vid ytterligare fyra stakar som sattes ut
pad ett sédant s&tt att ett sd stort hajdintervall som
mO]llgt tdcktes 1in. Stakar placerades ut i1 vardera av de
tvd stora sndfdlt som llgger i anslutning till moré&nrydgen
framfér glacidren, och tva stakar placerades i det mycket
branta sn6fdlt som utgdr glac1arens dversta &stliga del. P&
detta sdtt tdcktes 575 hdjdmeter in. Jamfdért med sommarens
totala ablation antogs ablationen under 19 dagarsperioden
vara procentuellt sett lika stor f&r alla stakar, och vid
berdkningen av ablationsgradienten r&knades darfér de fyra

extra stakarnas vdrden upp till 100% med hjdlp av
medelvdrdet av de O6vriga fem stakarnas procentsatser,
vilket var 29.8% (Fig. 20). Den &versta staken fick en

hégre ablation &n staken nedanfor. Detta borde inte vara
fallet med en hOstklllnad pd 150 m. Den Oversta staken
stod emellertid n&ra klipporna ovanfér glaci&ren (ca 10 m)
och detta kan vara orsaken till den stdrre avsmédltningen.

Denna stake togs ej med vid berdkningen av ablations-
gradienten.
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Ablationsgradienten berdknades till 0.18 102 m/m och
ablationen f&r varje delyta pa glacidren berdknades med
formeln -0.177*10 “*H+3.934 dér H &r héjden &ver havet £Or
varje degytﬁs mittpunkt. Sommarbalansen berdknades till
564.8 *10° m°, vilket ger det specifika vérdet 1.13 m.

Nettobalans

P4 grund av de ovanligt ldga temperaturerna under sommaren
var det férst i slutet av sdsongen som ett begrdnsat omrade
med is smidlte fram mitt pd& tungan och det &r endast inom
detta omrade som glacidren uppvisar ndgon negativ
nettobalans (se figurerna 21 och 22 och tabell 12). Nagon
jémviktslinje &r inte méjlig att definera. Nettobalansen
blev kraftigt positiv med ett specifi§t3vérde pa +0.42 m,
vilket motsvarar en volym av 211.3 *107m
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Fig. 20: Rutorna visar ablationen matt vid stakar pé
glacidren. De fyllda rutorna motsvarar de fyra extra
stakarna dar ablationen méttes under en 19 dagars period.
Linjen &r berdknad genom linjdr regression.
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Tabell 12:
Massbalans 1986/87 Sydostra Kaskasatjdkkaglacédren

Altitude Area_ Winter balance Summer balance Net balance
interval 10 total spec. total spec. total spec.
ma.s.l. m? m m3 m m3 m
1400-1420 30 5390 1.80 4316 1.44 1074 0.36
1420-1440 60 9599 1.60 8424 1.40 1175 0.20

1440-1460 156 22318 1.43 21279 1.36 1039 0.07
1460-1480 195 28852 1.48 25989 1.33 2863 0.15
1480-1500 291 38734 1.33 37688 1.30 1046 0.04
1500-1520 360 42682 1.19 45218 1.26 -2536 -0.07
1520-1540 545 67101 1.23 66554 1.22 547 0.01
1540-1560 550 71233 1.30 65385 1.19 5847 0.11
1560-1580 450 61778 1.37 52041 1.16 9737 0.22
10 1580-1600 380 52764 1.39 42552 1.12 10212 0.27
11 1600-1620 497 84259 1.70 53757 1.08 30502 0.61
12 1620-1640 398 77546 1.95 41746 1.05 35800 0.90
13 1640-1660 270 56162 2.08 27412 1.02 28750 1.06
14 1660-1680 213 43051 2.02 20890 0.98 22161 1.04
15 1680~-1700 128 24338 1.90 12095 0.94 12243 0.96
16 1700-1720 125 23829 1.91 11346 0.91 12483 1.00
17 1720-1740 130 26390 2.03 11375 0.87 15016 1.16

WO~ U & Wwh=

18 1740-1760 91 17357 1.91 7655 0.84 9702 1.07
19 1760-1780 50 8866 1.77 3993 0.80 4873 0.97
20 1780-1800 37 6964 1.88 2841 0.77 4123 1.11
21 1800-1820 10 2098 2.10 723 0.72 1375 1.37
22 1820-1840 23 4835 2.10 1582 0.69 3254 1.41

1400-1840 4989 776150 1.56 564864 1.13 211286 0.42
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Fig. 21: Stapeldiagrammet visar nettobalansens volym som en
fgnktlon av h&jden oOver havet. Kurvan visar areafdrdel-
ningen.
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RIUKOJIETNA
Gunhild Rosqgvist

Riukojietna, which is classified as an ice cap, is located
35 km northwest of Kebnekaise. The mass balance for 1985/86
and for 1986/87 has been investigated. In 1985/86 the net
balance was -0.54 w.eq. and in 1986/87 -0.26 m w.eq.

Inledning

Detta avnitt redovisar resultaten frdn 1985/86 och 1986/87
drs massbalansundersdkningar p& Riukojietna. Glaci&dren, som
dr beldgen 35 km nordvast om Kebnekalie, tdcker en
fjdllplatd och har en yta motsvarande 4.6 Glacidren &r
beldgen inom h&jdintervallet 1150 till 1450 m &.h.

Massbalansen 1985/86

Glacidrens vinterbalans har kvantifierats med utgdngspunkt
fran snosonderingar utférda i slutet av vinters&songen.
Sonderingspunkterna &r lagda som profiler (100 m mellan
varje punkt) och karakteristiska morfologiska elment har
anvants som riktmdrken. M&tningen av 1985/86 ars
vinterbalans utfdrdes 10-11 maj 1986. Snddjupet sonderades
i 113 punkter. vid berdkningen av vattenvdrden anvédndes ett
snodensitetsvdrde fréan Storglacidren som uppmdtts vid samma
tidpunkt. Utrustning f6r m8&tning av densitet var inte
tillgdnglig pa Riuk031etna P g a. utebliven helikopter-
transport. Vid berdkpingen vinterbalansen har en
densitet pd 0.44 Mg m~ anvants En karta ritades pa basis
av vattenvdrdena (Fig.23). Genom att m&ta alla areor med
olika vattenvdrde inom varje 20 m héjdintervall Kunde
glacidrens ackumulation bestdmmas. Kartan digitaliserades
och areorna Dberdknades med digitatliseringsprogrammet
MIDAS. Areorna multiplicerades med medelvattenvdrdet, dvs.
medelackumulationen £f6r varje omrdde. En summering gav
vinterbalansen i varje 20 m h&jdintervall, och summan av
dessa vé&rden gav vinterbalanen. Vinterbalansen f&r 1985/86
var 5.58*10 m vilket ger ett specifikt vdrde pa +1.23 m
f6r hela glac1aren (Tabell 13).

I juni 1986 borrades 12 ablationsstakar ner i glacidren.
Stakarna placerades ut i tvad l&ngdprofiler (Fig.24). I
augusti m&dttes stakarnas position in med Geodimeter 140.
Stakarnas placering p& kartan (Ostrem et al. 1973)
berdknades utifradn tvd fixpunkter och plottades med hj&lp
av en Polar koordinatograf. Sommarens ablation m&ttes den
28-29 augusti 1986. Linjar regressionsanalys av
ablationsvdrdena f&r stakarna gav ablationsgradienten, -0.3
cm/m. Produktmoment korrelations koefficienten blev r=-
0.69. Med denna daliga korrelation anses inte ablations-
gradienten vara ett l&mpligt wuttryck £f&r ablationens
variation med h&jden 6ver havet
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En méjlig férklaring till den ddliga korrelationen kan vara
glacidrens flacka yta. Den jamnt férdelade ackumulationen
orsakar formodllgen ocksda en ja&mn framsmaltnlng av lsytan.
Grdnsen mellan snd och is foérflyttar sig d& snabbt &ver
glacidren. Eftersom albedoskillnaderna mellan sndé och is &r
stor har detta betydelse for ablatlonsgradlenten. En snabb
forflyttnlng av grdnsen mellan snd och is bor resultera i
en lag ablationsgradient. Ablatlonsgradlenten som uttryck
fér ablationens avtagande med hdjden &r l&mpligast att
applicera pd glacidrer som &r beldgna inom ett relativt
stort hogdlntervall Ablationen berdknades istdllet genom
att ge varje 20 m hdjdintervall den n&rmast beldgna stakens
ablationsvdrde. Inom de intervall dir tvd stakar &r beldgna
anvidndes medelvidrdet av ablationsvdrdena. Berdkningen av
sommarbalansen gjordes pa samma satt som fgr
vinterbalansen. Sommarbalansen f&6r 1986 var 8.16*10 m
vilket ger ett specifikt vdrde pd -1.77 m .

Nettobalansen f&r massbalansaret 1985/86 var -2.49*10 m3,
vilket ger ett specifikt varde pad -0.54 m (Tabell 13, Figq.
25 och 26). Den specifika nettobalansen varierar fran -1.17
mveqi glac1arens lagre delar till -0.15 m i intervallet
1360-1380 m &.h. Nagon j&mviktslinje gick inte att
definiera detta massbalansar pa Riukojietna. Ett ca 100 m

brett band av pdlagrad is noterades mellan 1350 m och 1420
m 6 h.

Tabell 13: Massbalans 1985/86 Riukojietna.

Altitude Area Winter balance Summer balance Net balance
interval 109mR total spec. total spec. total spec.
ma.s.l. 10%m? m 107 m? m 102m? m
1 1140-1160 10.6 11.93 1.13 24.6 -2.3 -12.67 -1.17
2 1160-1180 34.5 38.80 1.13 80.0 -2.3 -41.,20 -1.71
3 1180-1200 48.5 47.84 0.98 113.0 -2.3 -65.16 -1.32
4 1200-1220 66.9 66.54 0.99 155.2 -2.3 -88.66  -1.31
5 1220-1240 94.0 106.60 1.13 218.1 -2.3  -111.50 -1.17
6 1240-1260 131.4 152.75 1.16 282.5 -2.2 -129.75 -1.04
7 1260-1280 190.4 231.49 1.22 415.1 -2.2 -183.60 -0.98
8 1280-1300 256.5 315.42 1.23 559.2 -2.2 -243.78 -0.97
9 1300-1320 403.2 506.38 1.26 667.4 -1.7 -171.02 -0.44
10 1320-1340 506.6 646.02 1.27 781.7 -1.5 -135.68 -0.23
11 1340-1360 430.7 548,42 1.27 693.4 -1.6 -144,98 -0.33
12  1360-1380 434.8 543.10 1.25 626.1 -1.4 -83.00 -0.15
13 1380-1400 415.6 519,58 1.25 602.6 -1.5 -83.00 -0.25
14  1400-1420 381.8 485.10 1.27 717.8 -1.9 -232.70 -0.66
15  1420-1440 682.7 835.32 1.22 1283.5 -1.9 -448.18 -0.68
16  1440-1456 517.1 614.14 1.19 930.8 -1.8 -316.64 -0.61
1140-1456 4601.0 5669.3 1.23 8160.98 -1,77 -2491.52 -0.54
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RIUKOJIETNA 1985/86
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representerar nettobalansens volym som en funktion av
héjden &ver havet 1985/86.
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Massbalansen 1986/87

Mdtningen av 1986/87 &rs vinterbalans utférdes 4-5 maj
1987. Sndédjupet sonderades i 105 punkter. Ett férsdk
gjordes att sondera i samma profiler som 1986 men d& sikten
var obefintlig kunde inga riktmdrken anvédndas. Sonderingen
fick gbras utan skoter dd denna fastnat i halvmetern nysnd
pd den nordvdstra glacidrtungan. Sndéns densitet méttes i
tvd schakt. Vid berdkningen av vinterbalansen har en
densitet pd 0.40 Mg °m anvénts f8r omrdden med mer #n 2.5
m ackumulation av snd och en densitet pa 0.36 Mg~ ~m f£for
omrdden med mindre &n 2.5 m ackumulation. Vinterbalansen
berdknades pa samma s&dtt som 1985/86 A&rs vinterbalans
(Fig.27). Vinterbalansen f&r 1986/87 var 4.93*10 m>, vilket
ger ett specifikt vdrde pd +1.07 m (Tabell 14).

Tabell 14: Massbalans 1986/87 Riukojietna.

Altitude Area Winter balance Summer balance Net balance
interval 102m total spec. total spec. total spec.
ma.s.l. 10°m® m 10°m? m 10°m® m
1 1140-1160 12.8 11.53 0.90 20.7 1.6 -9 -0.7
2 1160-1180 31.1 30.91 0.86 50.4 1.6 -20 -0.7
3 1180-1200 50.7 44,66 0.88 82.1 1.6 -37 -0.7
4 1200-1220 66.9 62.51 0.93 115.0 1.7 -53 -0.8
5 1220-1240 93.2 97.53 1.05 169.3 1.8 -72 -0.8
6 1240-1260 132.4 144.73 1.09 206.4 1.6 -62 -0.5
7 1260-1280 189.3 204.29 1.08 319.7 1.7 -115 -0.6
8 1280-1300 253.0 274 .45 1.08 . 427.3 1.7 -153 -0.6
9 1300-1320 400.4 447.65 1.12 505.7 1.3 -58 -0.2
10 1320-1340 511.2 568.95 1.11 609.9 1.2 -41 -0.1
11 1340-1360 427.2 472.20 1.11 503.9 1.2 -32 -0.1
12 1360-1380 434.7 476.93 1.10 529.5 1.2 -53 -0.1
13 1380-1400 416.1 464.52 1.12 565.5 1.4 -101 -0.3
14 1400-1420 375.4 426.53 1.14 474 .5 1.3 -48 -0.2
15 1420-1440 681.4 679.38 1.00 861.3 1.3 -182 -0.3
16 1440-1456 518.2 522.78 1.00 693.9 1.4 -171 -0.4
1140-1456 4594.0 4929.54 1.07 6135.1 1.33 -1207 -0.26
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Fig. 27: Vinterbalansen 1986/87.

Mdtningen av 1987 &rs sommarbalans utfdrdes 23-24 auqusti,
genom att sommarens ablation mdttes vid de 12 stakarna.
Glacisren var tdckt av ett ca 0.5 m tjockt nysndlager.
Detta om&jliggjorde en bestdmning av eventuella sndrester
d.v.s ett ackumulationsomrade. Stake 6 gick inte att finna,
férmodligen var den ursmdlt och Oversndad. Antagandet
gjordes att all vinterackumulation hade smdlt bort. Nagon
jamviktslinje antas inte heller existera detta
massbalansdr. Ablationsgradienten ber&knades till -0.3
cm/m. Produkt moment korrelationskoefficienten var r=-0.55.
Eftersom korrelationen inte &r béttre, anvandes inte
ablationsgradienten f8r best&mning av sommarbalansen. vVarje
héjdintervall gavs istdllet ablationsvdrdet f&r den né&rmast
placerade staken. Alltsd, anvéndes samma metod som vid
berdkningen ag sommarbalansen 1986. Sommarbalansen f6r 1987
var 6.14*10 m”, vilket ger ett specifikt varde pd -1.3 m.
Den specifika nettobalansen fOr massbalansdret 1986/87
varierar frdn -0.8 m i glacidrens ldgre delar och till -
0.1 m kring 1350 m &.h. Nettobalansen f&r hela glacidren
var -0.26 m. Uttryckt _i total volym innebd&r detta en
férlust om -1.21*%10 m vatten f&r Riukojietna wunder
massbalansdret 1986/87 (Tabell 14, Fig. 28 och 29).
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STUDIES OF GLACIER DYNAMICS AND WATER PRESSURE ON
STORGLACIAREN

Roger LeB. Hooke

Velocity measurements

We continued daily (weather permitting) velocity
measurements on strain nets 23 and 45 (Fig. 30). In these
surveys the positions of the stakes are over-determined, as
angles and distances are measured from a fixed point on the
valley side, and distances betweeen stakes are also
measured on the glacier. Thus, for the final analysis we
can use a least-square procedure to obtain stake
coordinates. However, for preliminary analysis we use only
the angle and distance measurements to obtain velocities
for individual stakes (Fig. 31), as this can be done on a
PC in the field.

In general, velocities this year seem to have been slightly
Jower than in 1986, a change that we attribute to the
colder weather. However, the change is not as much as might
have been expected. We infer from this that conduits in the
ice did not open as much as they usually do. Thus, despite
the lower water inputs, water pressures periodically rose
to the point that summer velocities were as much as twice
the winter velocity for periods of a day or two. Such
summers are valuable as they extend the range of conditions
under which we have observed the glacier, and thus allow
models to be tested over a wider range of conditions.

In a new experiment this year, we used a computer-
controlled electronic distance meter (EDM) to make
continuous measurements of the distance from a fixed
point in front of the glacier to the stake in the center of
strain net 45 (Fig. 30) over periods of a day or two at a
time. By differentiation of the resulting curve, we will
be able to obtain velocities. A principal objective of this
experiment is to determine velocities over time periods
that are short compared with that of the diurnal cycle of
water pressures that is observed on warm days.

Borehole studies

Deformation measurements were made in borehole 87-1 (Fig.
30) located about half way between the centerline and the
southern margin of the glacier. Previous Dborehole
deformation studies have shown that during late July and
August the glacier is essentially decoupled from the bed
along the centerline for some distance upglacier from the
riegel that lies near the middle of the ablation area (Fig.
30), and also along the northern flank. By essentially
decoupled, we mean that the velocity at the bed is between
ca 70% and 90% of the surface velocity. The borehole this
year was again placed in a lateral position in an attempt
to place limits on the width of this area of decoupling.
Preliminary results, presented elsewhere in this report,
suggest that the decoupling extends to this location.
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The fraction of the surface velocity that can be attributed
to movement at the base increased from ca 70% to 80% during

the summer.
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As we have described previously, water levels in holes
drilled in the overdeepening in the upper part of the
ablation area frequently drop when the drill tip reaches a
level equivalent to 75% to 90% of the ice thickness.
However, upon completion of the holes we find that the
water level is only 15 to 45 m below the surface, and
remains relatively stable at that level, even when water is
flowing into the hole. Studies last year, using salt as a
tracer and an electrical conductivity probe as a sensor,
demonstrated that two such holes were draining through
englacial conduits deep in the glacier (Hooke et al.
submitted). Studies in two additional holes this year
reached the same conclusion. We thus believe that water
levels in these holes reflect the piezometric head at the
bed. This is consistent with the observed decoupling of the
ice from the bed in this area.
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Fig. 31: Horizontal velocity of stake in center of strain
net 23 during the summer of 1987.
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Tiltmeter and strain measurements

We had two tiltmeters working on the glacier for varying
lengths of time this summer, and in a new experiment a
vertical strain meter, kindly provided by Dr. Will Harrison
of the University of Alaska, was deployed in the middle of
strain net 23 (Fig. 30 and 32) for about 3 weeks. Results

from these experiments are discussed elsewhere in this

report. -
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Fig. 32: Strain recorded in middle of strain net 23 (Fig.
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Water balance

In 1984 we began detailed measurements of water input to
and discharge from the glacier (Obstling and Hooke, 1986).
These measurements were continued in 1985, 1986, and 19873
The 1984 measurements suggested storage of ca. 500,000 m
of water in the glacier in June and release of that water
in August.

From the point of view of glacier dynamics it is important
to determine where this storage occurs. Ostling and Hooke
pelieved that the water was stored in porous firn and
crevasses early in the season, and then later moved into
subglacial cavities that opened at the bed in late July.
Through the end of July this past summer, 50% of the
meltwater or rain on the glacier surface entered the
glacier in the area above the equilibrium line, while 35%
entered through the crevasses over the riegel near the
middle of the ablation area. The rest ran off directly from
the surface (Rudensky, unpublished data). Thus initial
storage in firn seems reasonable, but if there is a layer
of deforming till at the base of the glacier in the
overdeepening, it is hard to imagine the existence of
cavities.

The discharge data from 1987 are not reduced as yet, but a
relative runoff curve is shown in figure 33, together with
relative water pressure measurements made in a borehole in
strain net 45 (Fig. 30). Peaks in water pressure lead peaks
in discharge by a few hours. The peaks in discharge
presumably reflect peaks in water input through melt or
rain. During the relatively warm period with rising
discharges in mid-July, diurnal water pressure peaks were
consistently high. Cooler weather resulted in a decrease in
discharge and a rather dramatic decrease in water pressure
between 23 and 25 July. We infer that subglacial conduits
were closing during this period, resulting in gradually
rising water pressure during a period of constant input.
This prepared the system for a quite sharp increase in
water pressure resulting from a rather modest increase in
input (reflected in the discharge curve) on 26 July.
Similar inferences can be drawn about the causes of the
subsequent variations in pressure. It should be possible to
integrate these observations into a selfconsistent
mathematical model of the variation in subglacial channel
size with water input and time.
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Dye-trace experiments

Four dye-trace experiments were run this year, utilizing
boreholes above the riegel as injection points. One of
these was from a hole near hole 87-1 (Fig. 30), and yielded
no result. We were experimenting with a new tracer,
lissamine, in this test. Our failure to detect the dye in
the outlet streams could have been due to: (1) storage for
an unexpectedly long time, (2) dilution to below the limits
of detectability, or (3) loss through an unmonitored (and
unknown) outlet. Possibility (3) seems highly unlikely. A
combination of the other +two possibilities is most
probable.

The other three tests utiltized borehole 87-3 (Fig. 30) as
an injection point. These tests yielded good concentration-
time curves in Nordjokk (Fig. 34). The curves for the 14
July and 3 August injections are about as expected, but
that for 27 July is anomalous. The breadth of the curve
suggests that dispersivity (the ratio between the
dispersion coefficient and the velocity) increased between
14 and 27 July, which is contrary to expectation. Drainage
channels should have become enlarged and better integrated
during this period of relatively pleasant weather. It is
possible that the drainage was disrupted by deformation
over the riegel; we suspect that something of this type
occurs and is responsible for the consistently high water
pressures observed above the riegel, in sharp contrast to
the strongly-varying pressures downglacier from it (Fiqg.
33).

Also of considerable interest is the fact that in all
successful dye-trace tests run to date from locations in or
above the overdeepening, the dye has been detected in
Nordjokk only. Nordjokk is generally relatively clean,
compared with the high sediment load carried by Sydjokk.
This suggests that drainage through the overdeepening is
englacial, a conclusion that is consistent with the
englacial location of the drainage from boreholes in this
area.

Before leaving this discussion, it is appropriate to call
attention to some further results of earlier dye trace
studies (Seaberg et al. submitted). 1In these tests,
dispersivity was over 80 m early in the season (Fig. 35)
when the subglacial channel network was presumably poorly
developed, having closed and become deranged by flow of the
ice over the winter. It then decreased progressively,
becoming relatively constant at 6.5 m near the middle of
July. For comparison, dispersivity in the proglacial
streams is ca. 4 m, suggesting that the proglacial streams
are a reasonable analog for the subglacial ones.
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HYDROLOGY
Christian Bronge

Discharge measurements at Lillsjén indicate that this
outlet is instable. A new rating-curve was established. The
same rating-curve as last year could be used also this year
at Rannan. Silt and bottom transport were observed.

Den hydrologiska verksamheten 1  Tarfala inriktades
huvudsakligen pa Lillsjon och R&nnan. Lillsjéns utlopp &r
foéranderligt, varfér det &r nédvandigt att faststdlla en ny
avbordnlngskurva. Detta gjordes med hj&lp av en flygel. Da
vattenstandet under tiden d& mitningarna gjordes varierade
avsevart, blev resultatet mycket gott. 14 métningar
genomfdrdes, jamnt fordelade fran laga till héga
vattenstdnd. Resultaten gav en r&t linje som erhdlls genom
linj8r regression. Vanligen brukar avbdérdnings ekvationer
vara potensfunktioner, men da utloppets tvdrsektion &r
bredare nedtill &n upptill, mdste den r&ta linjen anses
vara mojlig i detta fall. Avvikelsen mot tldlgare ar &r
tédmligen stor wvid laga till medelhdga Vattenstand vilket
torde bero pa erosion i utloppet.

I Ra&nnan gjordes ett stort antal Vattenforlngsmatnlngar som
visade att foregdende &rs avbdrdningskurva inte hade &ndrat
sig. Tyngdpunkten pd verksamheten vid R&nnan var f&rlagd
till sedimentprovtagningen. Ett omfattande program £8r
manuell slamprovtagning kunde genomfdras under hela
sdsongen. Vidare utvecklades en anordning f&r uppsamling av
grévre bottentransporterat material. Den utgbrs av en vagn
med botten av stdln&t (maskvidd 8 mm) vilken kan rullas ut
i vattenstrdlen nedstrdms R&nnan. Anordningen visade sig
efter ett antal andrlngar fungera v&l, men endast ett 10-
tal prover hann tas innan vattnet s1nade foér s&songen.
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INPUT OF WATER TO STORGLACIAREN FROM MELTING SNOW ON THE
SURROUNDING VALLEY SIDES

Katarina Stroémberg

In order to estimate the input of water to Storglaciéren
from melting snow on the surrounding valleysides, a survey
of the snowmelt in progress was performed in the summer of
1986. The survey was based on stake readings, snow depth
probing, snow density measurements and photography of snow
fields. The result was a non-linear decrease of the snow-
covered area. This greatly influenced thg ;otal amount of
ablation, which was found to be 1.05*10°m> water for the
entire melting season. This is 20% of the meltwater from
the glacier.

Inledning

Under de senaste Aarens studier av sambandet mellan
isrdrelsehastighet och det subglaciala vattentrycket har
behovet uppkommit av en mer noggrann kdnnedom om
Storglacidrens vattenbalans. Matningar och uppskattningar
under smidltsisongen 1984 gav en negativ vattenbalans, dar
en av felkillorna som diskuterades var en underskattning av
avsmdltningen fran dalsidorna (Bstling och Hooke 1986). Min
uppgift blev att under smédlts&songen 1986 identifiera den
icke glacidrtédckta delen av dridneringsomrddet, och att inom
detta utfdra en studie av sndsmdltningen.

Metodik

Berdkningarna av vattentillskottet till Storglacidren fréan
dalsidorna grundar sig pad en fortldpande dokumentering av
snofdltens utbredning genom fotografering samt berdkningar
av ablationen per ytenhet genom sndsonderingar och
snddensitetsmitningar. Faltmdtningarna utfdrdes 21 maj till
den 20 juli 1986. Fran fyra fotopunkter som sammanlagt
Sverblickade alla dalsidor i tillfredstdllande vinkel
genomfdrdes en fotografering per vecka. Tre ablationsstakar
borrades ned i ett stdrre perennt sndfalt pa den sddra
sidan av glacidren. Avlédsning samt sonderingar av snddjupet
intill staken utfdrdes minst en gang i veckan. En
bergssiderdnna pd den norra sidan av glacidren sonderades
tre ganger och en pd den sddra sidan tvd ganger.
Snddensiteten mittes vid sex tillfdllen pa fyra platser
utspridda inom den icke glacidrtéckta delen av
drineringsomrddet, d&r den fdrvdntades uppvisa de stoérsta
skillnaderna sinsemellan vid samma tillfélle. Nederbdrd i
form av snd avldstes en gadng i veckan i fem stycken utsatta
pluviusmdtare p& platser med té&nkta olika nederbdrds
forutsidttningar, samt i en referens vid en av stationens
mitare pad glacidren.

Fotografierna frdn var fotopunkt sades utgdra ett
"delomrade". Snéfalten pd fotografierna ritades av och
svartlades p& vitt papper. Varje delomrdde svartlades helt
f6r att utgdra en 100%-ig referens. Med hjdlp av en
areaberidkningsmaskin som avlédser svarta ytor kunde sedan
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den procentuella sndtdckningen av dalsidorna beré&knas. For
var delyta insamlades glacidrablationsdata fran médtpunkter
beldgna sd ndra dalsidan som m&jligt och pd& samma h&jd som
delytans medelh&jd. F8r det h&gst beldgna omradet f£fick
approximationer av ablationen gbras utifran Haefelis
ablationsgradientsekvation. Den totala avsmédltningen
ber&dknades for var delyta och tionde dag genom
multiplicering av ablationen (fran glacidrdata) och en
medelyta av kvarvarande sné inom denna period.

Resultat och diskussion
Vertikal avsmdltning

Ablationen i var punkt &r t&mligen konstant och likformig
dd vdrden j&mfdrs f6r stakar beldgna p& samma medelhdjd pa
dalsida och glacidr (Fig.36). Dalsidan avsmdlter med en
nagot hdgre hastighet. DA ablationen £6r punkter pa
glacidren j&mf6rs med dalsidans vdrde pa samma h&jd under
en period syns denna skillnad tydligt, och tycks &ven 0&ka
med h&jden (Fig.37).
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Fig.36: Kumulativ ablation (cm vatten) pad dalsida och
glacidr den 3/6-14/7 f6r de sex l&gst beldgna punkterna i
jémférelsen.
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snofdltens areaférdndring

Smédltfoérloppet for omradet omkring glacidrtungan,
Kebnetjdkka-delen och Sddra klippberget &r likformigt (Fig.
38). Ned till ca 30% snotdckning av var och en av dessa

ytor sker ytminskningen i en accelererad hastighet. Den
snabba ytminskningen av snétdcket i bdrjan av sdsongen
beror férmodligen frémst pd det relativt tunnare snotacket
dver ytorna mellan ré&nnorna och de framsmdlta ytornas
smidltaccelererade verkan. Vid 25-35% ( en 20/6) kvarvarande
sndyta ©6vergadr férloppet till en mer konstant och lag
avsmiltningshastighet med en enbart sk&njbar acceleration
vid en vérmeperiod i den andra veckan i juli. Troligt &r
att snd nu enbart tdcker de s.k. rannorna pa bergsidorna ,
samt skuggigare omrdden. Sndélagren fdrsvinner langsammare
hir p.g.a det stdrre snédjupet samt de relativt mot
instrdlningen skyddade l&get. Snétédcket pa Kebnekaisedelen
tycks minska i sin utbredning i en konstant hastighet under
hela sméltsdsongen, och har &ven ett l4gt ursprungsvérde,
vilket torde harrdra fran omrddets branthet. Det relativt
héga l&get ger en l&gre temperatur och ablation, vilket i
sin tur leder till att den sndtdckta ytan minskar ldngsamt.
Den mot s&der vinda dalsidan, S&dra Klippberget, samt det
ldgst beldgna delomrddet har en snabbare avsmdltningstakt
in det mot norr vianda och det hdgst beldgna omrddet efter
den 18/6 och en ca 30% sndtdckning. Dessfdrinnan kan ej ses
ndgot beroende av ytornas riktning. Oovanstédende samband
gdller foér ytornas genomsnittliga h&jd aven innan den 18/6.
De utférda sonderingarna pd nord respektvie sydsida visar
en eventuell stdrre vertikal avsmdltningstakt pa den norra
sluttningen.

Ablation

i"‘“"T —r— T T T T T T T 1. T 1mH20
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Fig. 37: Nettoablationen (m vatten) pd dalsida (svart
punkt) och glacidr (vit punkt) pd samma héjder, den 3/6-
14/7 (£f6r de tvA hégst beldgna punkterna den 16/6-14/7).



100~

sniitickt yta

58

Nettoablationen

Nettoablationen fran galsidorna under smédltsdsongen 1986
uppgick till 1. 05*10%m> vatten. Smdltfdérloppet redovisas i
figur 39. Puckeln pd den i &vrigt konstant avtagande kurvan
representerar ett ablationsmaximum £f6r de hdgre bel&dgna
delarna av glacdren. Ablationsmaximum for den l&gre beléagna
delen sker i b&rjan av Jjuni. Det generella avtagandet
speglar sndytminskningen och en relativt konstant ablation.

En varmare period en bit in i smdlts&songen (8/6-18/6) Okar
ej den totala avsmdltningen p.g.a den radikalt foérminskade
ytan O6ver vilken ablationen sker. Efter den 18/6 dad en
ldngsammare minskning av sndytan sker varierar/fdljer
nettoablationen mer med den ‘“vertikala" ablationen. En
jédmférelse gjordes mellan kvarvarande sndyta och
nettoablationen (Fig.40). Resultaten visar ett dkat
avtagande av ablationen i f&érhdllande till en minskande
sndyta, och inte ett linjdrt samband som Zakrisson (1981)
fann i Malmagenomradet.

Felkédllor

Felkdllor av betydelse &r; ej fotograferade delar av de i
studien ingdende omré&dena (f6r f& fotograferingstillf&dllen
av Kebnekaisedelen), samt de approximationer som gjorts av
sndytornas storlek utifrdn utseendet av "sndytekurvan" i
bérjan och framst i slutet av smdlts&dsongen.
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Fig. 38: Snéfédltens areaf6randring med tiden pa

Storglacidrens dalsidor: Kebnetj&kkadelen (0), omradet runt
glacidrtungan (*), Sédra Klippberget (9% ) och Kebnekaise-
delen (e@).
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Slutsatser

Snétéckts areamlnsknlng 4r ej linjadr som Ostling och Hooke
(1986) antog d& de tidigare uppskattade sndsmédltningen frén
dalsidorna. Dalsidornas morfologi tycks utifrdn denna
undersdkning vara avgdrande £8r smdltférloppet inom det
undersdkta omrddet, d.v.s. snfdrdelningen, framsmdlta ytor
och 1nstraln1ngsexponer1ng vid en 30% kvarvarande snoyta
p& samtliga sidor utom det h&gst beldgna omradet dvergar
smdltférloppet till en l&gre hastighet.

Under smaltsasongen den 19/5-19/8 1986 uppgick
nettoab%aglonen frdn dalsidorna omkring Storglacidren till
1.05%*10 vatten. Det &r ca 20% av smaltvattenmangden fran
glac1aren, en mycket vikigare post i vattenbalansen &n vad
tidigare ansetts. Den berdknade ablationen fadr ses som ett
minimivirde eftersom den berdknats utifrdn vé&rden pa
glacidren, och resultatet av en jamforelse av
avsmaltnlngsdata mellan da151da och glac1ar visar en stodrre
avsmdltning i var punkt pa dalsidan.

m3
H20
x103..

2004 ‘xx\\\

e
\
/

1915 817 19/8

Fig 39: Nettoablationen (m3 vatten) fran dalsidorna den
19/5-19/8. Varje utsatt vdrde representerar den totala
ablationen de senaste tio dagarna
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Fig 40: Ablationen inom drédneringsomrédet i

férhdllande till kvarvarande sndtdckt yta (i 10 dagars
perioder den 19/5-7/8).
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BOREHOLE STUDIES
Veijo Pohjola and Roger LeB Hooke

Ten holes were drilled on Storglaci&dren during the summer
1987. One hole was cased and surveyed by inclinometry. The
other nine holes were used for an investigation of the
subglacial drift. A sediment-catcher was used and an
electrical resistivity measurement was made in two of the
holes.

Introduction

The purposes of this year's borehole studies at
Storglacidren were:

1. To investigate whether the transverse component of ice
flux, which was discovered in 1986 on the northern side of
the glacier, had a counterpart on the southern side.
2. To determine the areal extent of the till-layer which we
discovered between the icesole of the glacier and the
bedrock in 1986.

Borehole deformation studies.

Borehole deformation in Storglacidren, has been studied
every summer since 1984 (Hooke, Holmlund and Iverson 1987).
The borehole studies in 1985 showed that Storglacidren was
decoupled along the centerline during the latest part of
the ablation season. The borehole investigation in 1986 was
on the northern side of the glacier, about halfway between
the centerline and the northern margin. This location was
chosen to investigate how the lateral parts of the glacier
reacted during the ablation season.

The preliminary results of the investigation in 1986 showed
that the ice flux had a tranverse component to the north,
which increased with depth (Fig.41). Similar results have
been shown by Raymond (1971). This year we decided to
investigate whether the southern side of the glacier had a
similar ice flux pattern.

At the end of June a borehole through the glacier was
completed, using a hotwater drill. The borehole was 130 m
deep and positioned 250 m south of the centerline (Fig.42).
The borehole was cased with a squared aluminium tubing.

We made five inclinometry surveys in the borehole between
the 8th of July and 3rd of September. Assuming that the
deformation of the casing reflects the ice deformation, an
estimete of the ice flux is possible. This year’s
preliminary results reveal a similar lateral ice flux
toward the margin during the entireperiod of investigation
(Fig.43). The transverse component of flow increases with
depth as was shown in the investigation in 1986.
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Fig. 41: Calculated transverse velocity measured at the
northern side of Storglacidren 1986. The figure shows the
increasing transverse component with depth.

0 500m
[ PO -

o Isdeformations mdatningar
Bottenprovtagningar

Fig. 42: Storglacidren and the boreholes drilled 1987.
Squares indicate the cased holes 1986 and 1987. Dots
indicate holes investigated by sediment-catching. Area
investigated by resistivity measurements in 1986 is

represented by the dotted circle. Lined circle shows the
measurements made 1987,
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The results also show that basal sliding increases during
the season. In the first measurement interval, Dbasal
sliding contributed to 65% of the surface movement, while
in the last interval it had increased to 83%. The increase
in basal sliding seems to be continous during the ablation
season. The sinous shaped undulations visible in some
deformation graphs is inferred to be a result of buckling
of the casing in the hole.
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Fig. 43: Preliminary results of the inclinometry surveys in
87:1. The surveys was done in four intervals; 870708-
870718, 870718-870729, 870729-870824 and 870824-870903. The
ice deformation is showed on the left, and the azimuth of
the deformation on the right.
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Fig. 43: Preliminary results of the inclinometry surveys in
87:1. The surveys was done in four intervals; 870708-
870718, 870718-870729, 870729-870824 and 870824-870903. The
ice deformation is showed on the left, and the azimuth of
the deformation on the right.
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Studies of subglacial drift.

During the summer of 1986 an electrical resistivity
measurement was made under the glacier to investigate the
resistivity of the subglacial material (Brand, Pohjola and
Hooke 1987). This method and its applications to subglacial
investigations has earlier been described by Haeberli and
Fisch (1984). The results of our investigation indicated
that a highly conductive layer, we assume fine grained
till, lay between the low conductivity bedrock and the even
lower conducting glacier ice (Fig.40).

The purpose of the investigation in 1987 was to examine
whether the subglacial drift had a larger extent than
indicated by the measurement in 1986. Ten boreholes were
drilled through the glacier. The boreholes were positioned
over those parts of the glacier where we expected to find
subglacial drift. In seven of the boreholes we tried to
take samples of the drift with a sediment-catcher designed
for this purpose. No cores of subglacial drift managed to
accompany the catcher to the surface and our curious eyes.
Whether this was because the drift was non-cohesive or
simply not present, we do not Kknow. However tracks of
sand/silt fractions stuck to the walls of the catcher when
we greased it, suggesting the presence of some drift
material (Table 15).

Table 15: Results of sediment-catching 1987. The traces were of
sand and silt fractionms.

Borehole Depth (m) Results of the core-catching.
87:1 130 Cased.

87:2 149 No traces of drift.
87:3 232 No traces of drift.
87:4 119 Weak traces.

87:5 125 Traces of drift.

87:6 121 No traces of drift.
87:7 156 Traces of drift.

87:8 175 Traces of drift.

87:9 »200 Did not hit the bottom.
87:10 »200 Did not hit the bottom.
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Late in the season we tried with resistivity measurements,
using equipment kindly supplied by KTH. Unfortunately every
borehole, except two, froze during the cold summer and were
not usable. The two unfrozen holes were used, together with
two abandoned borehole-casings from earlier years of
deformation studies (Fig.42).

Preliminary results show that this year’s measured
resistivity appears to be close to the values we got in
1986 (Fig.44). We do not want to make too sophisiticated
conclusions about this year’s observations due to the many
sources of error in the interpretation of the resistivity
data, but it seems to agree with the values we found in
1986.

10% T
e 10 Q) P
[]
£
-S 24 July
_._>_- 403_ o 4
= [
>
& o /26July
comn [ ]
[72}
e {02_ ./ N
€
4]
o o
o
& J
< {0 b f/. 1
’.
/
4 i : :
1 10 {02 103
Distance, m

Fig. 44: The results of resistivity measurements in 1986.
The I in the circle represents the resistivity measured 25
August 1987. Ten measurements were done and the apparent
resistivity ranged between 13 800-8 000Qm.
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SHORT-TERM VARIATIONS IN ICE DYNAMICS ON STORGLACIAREN

Peter Jansson

Introduction

To study short-term variations in ice dynamics on
Storglacidren during 1987, tiltmeters and a strainmeter
were used. These instruments were in operation for most of
the season. Long continuous records were obtained for the
first time, mostly due to the use of a datalogger as a
registering instrument.

The tiltmeter instruments

A tiltmeter is an instrument that records changes in tilt
of the glacier surface. The accuracy of the instrument is
about 1 s rad or 0.1 mm change in height in 100 m distance,
recording tilt in two perpendicular directions., The
instrument is put down in a 4 m deep drilled hole to freeze
(Fig. 45). This is a process which tends to be difficult
and time consuming. When the instrument is frozen into the
ice .it can be adjusted and levelled from the ice surface by
remote control. This year two tiltmeters were used. As long
records of tilt were obtained throughout the summer, a lot
of different variations can be seen. The perhaps most
spectacular is the acceleration of the glacier motion seen
at the end of June (Fig. 46). Here a calm pattern is
abruptly interrupted by large tilt variations, assumed to
reflect the acceleration motion wave followed by more calm
conditions again. A permanent change in tilt can be seen
after the event.
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ig. 45: A tiltmeter configuration on the glacier.
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SURFACE TILT VARIATIONS
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Fig. 46: Result from tiltmeter 017 in June 1987. Julian day
152 is the 1lst of June. The acceleration of the glacier is
visible as the disturbances around day 170.

The strainmeter instrument

A strainmeter is an instrument that records changes in
strain or of extensional-compressional variations between
two fixed points. The instrument used on Storglacidren this
year measured strain vertically in the ice. The instrument
is fundamentally a simple Wheatstone-bridge, where the
variable resistor is the sensor itself (Fig. 47). The
sensor is a resistive thread that varies its resistance
when strained. In this fashion a change in resistance in
the sensor, i.e. a variation in strain in the glacier, can
be read as a change in voltage over the points C-D in
figqure 47. The use of the strainmeter during the field
season was considered to be a trial only. The readings
obtained are only relative measures and can not directly be
transformed into direct measures of strain. From the early
season, a registration of a diurnal pattern was received
(Fig. 48). Three peaks of horizontal extension could be
seen during the course of one day. This pattern continued
for a five day period. This behaviour was not expected and
is not yet fully understood.
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Fig. 47: The principal construction of the strainmeter, a
Wheatstone-bridge.
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INVESTIGATION OF THE ICE DYNAMICS OF RABOTS GLACIAR DURING
THE BALANCE YEAR 1985.

Arjen Stroeven and Roderik van de Wal
Introduction

This investigation was carried out for a masters degree in
Physical Geography at the State University of Utrecht. The
actual fieldwork has been conducted on Rabots glaci8&r in
Swedish Lappland, during the period from May till September
in 1985, and in May 1986. ‘

Rabots glacidr is a temperate valley glacier (3.9 kmz),
situated at a latitude of 67’55°N and 18'30°E, northwest of
Kebnekaise. The aims of the project were to investigate the
mass balance during the balance year 1985 and the flow
during the period May 1985 - May 1986, as well as to make a
comparison with the results previously obtained on
Storglacidren (Hooke et al. 1983).

Mass balance

The mean winter balance measured 69 cm w.eq. and the mean
summer balance yielded -199 cm w.eq.; consequently the mean
net balance measured -130 cm w.eq. The ablation gradient
(14 cm/100 m) was found to be exceptionally low.

Winter balance

The winter balance measurements were carried out in order
to assertain the distribution of the winter accumulation
(1984-1985). 152 probings of the snow depth were made
during the period from May 26th to May 28th. Two snow pits
were dug on May 28th and June 3rd respectively. The result
was an average winter balance of 69 cm w.eq., distributed
over the glacier surface as shown in figure 49. A general
increase in accumulation with height (see also figure 50)
is indicated. Superimposed on this trend is a weaker north-
south component.

Summer balance

The summer balance for the entire glacier has been
determined using 13 stakes, at which the snow and ice
ablation has been monitored throughout the whole summer
season. Extrapolation of the measurements to total ablation
over the whole area was based on a linearization of the
ablation with height. Regression analyses with the least
square method yielded; Y = -0.14 * 10X + 3.92.
Consequently the ablation gradient yields 14 cm/100 m and
the product-moment correlation coefficient yields r = -
0.58. A possible explanation for the exceptionally low
ablation gradient can be found in the rather uniform
accumulation pattern (Fig. 49).
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This caused a rapid snowline retreat over the glacier
surface. Since the difference in albedo between snow and
ice is large, the ablation gradient will be influenced by
how long an albedo difference between two areas exists. A
quick shift of the snowline will result in small
differences in ablation or a low ablation gradient. To be
able to explain the poor correlation, a closer look at the
causes of transverse differences in ablation was required.
An attempt has been made to model the most important
component of the energy balance; the variation of incoming
short wave radiation at the surface, which supplies the
heat necessary for melting (Stroeven and van de Wal 1987).
Figure 51 shows the result. Since the geometry of the
surroundings are incorporated in the model, it appears that
cross sectional differences in incoming short wave
radiation can be attributed to shading effects (Fig.52) for
the position of the 5-line). Transverse differences in
incoming short wave radiation mainly occur in the late
summer, showing the importance of the length of the
ablation season.

25-50
50-75
75-100
100-125
125-150
150-175

TIEADD

Fig. 49: Distribution of the winter accumulation on Rabots
glacidr in cm w. eqg. spring 1985.
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Table 16: Mass balance 1984/85 Rabots glaciér.

Altitude Arsqa Winter balance Summer balance Net balance
interval 10/m™ tota spec. total spec. total spec.
ma.s.l. 10%m m 10%n? m 10%m? m
1060-1080 11 4.125 0.375 -26.631 -2.421 -22.506 -2.046
1080-1100 29 10.875 0.375 -69.397 ~2.393 -58.522 -2.018
1100-1120 52 19.500 0.375 -122.980 -2.365 -103.480 -1.990
1120-1140 54 20.250 0.375 -126.198 -2.337 -105.948 -1.962
1140-1160 68 25.500 0.375 -157.012 -2.309 -131.512 -1.934
1160-1180 88 33.000 0.375 -200.728 -2.281 -167.728 -1.906
1180-1200 102 38.250 0.375 -229.806 -2.253 ~-191.556 -1.878
1200-1220 125 46.875 0.375 -278.125 ~-2.225 -231.250 -1.850
1220-1240 172 81.500 0.474 -377.844 -2.197 -296.384 -1.723
1240-1260 204 106.000 0.520 -442.476 -2.169 -336.476 -1.649
1260-1280 233 128.625 0.552 -498.853 -2.141 -370.228 -1.589
1280-1300 215 126.125 0.589 -454.295 -2.113 ~-327.670 -1.524
1300-1320 127 74.125 0.584 -264.795 -2.085 -190.670 -1.501
1320-1340 145 84.625 0.584 -298.265 -2.057 -213.640 -1.473
1340-1360 240 152.000 0.663 -486.960 -2.029 -334.960 -1.396
1360-1380 274 183.250 0.669 -584.274 -2.001 -365.024 -1.332
1380-1400 218 136.250 0.625 -430.114 -1.973 -293.864 -1.348
1400-1420 110 68.750 0.625 -213.950 -1.945 -145.200 -1.320
1420-1440 117 75.125 0.642 -224.289 -1.917 -149.164 -1.275
1440-1460 125 82.125 0.657 -236.125 -1.889 -154.000 -1.232
1460-1480 153 104.375 0.682 -284.733 -1.861 -180.358 -1.179
1480-1500 182 131.250 0.721 -333.606 -1.833 -202.356 -1.112
1500-1520 208 176.500 0.849 -375.440 -1.805 -198.940 -0.956
1520-1540 176 154.500 0.878 -312.752 -1.777 -158.252 -0.899
1540-1560 96 93,250 0.971 -167.904 -1.749 -74.654 -0.778
1560-1580 87 96.625 1.111 -149.727 -1.721 -53,102 -0.610
1580-1600 62 74.000 1.194 -104.966 -1.693 -30.966 -0.499
1600-1620 51 68.375 1.341 -84.915 -1.665 -16.540 -0.324
1620-1640 43 61.125 1.422 -70.391 -1.637 -9,266 -0.215
1640-1660 37 52.875 1.429 -59.533 -1.609 -6.658 -0.180
1660-1680 29 41.375 1.427 ~45.166 -1.581 -4.,472 -0.154
1680-1700 22 31.000 1.409 -34.,166 -1.553 -3.166 -0.144
1700-1720 22 31.250 1.420 -33.550 -1.525 -2.300 -0.105
1720-1740 15 20.875 1.392 -22.455 -1.497 -1.580 -0.105
1740-1760 15 20.875 1.392 -22.035 -1.469 -1.160 -0.077
1760-1780 5 6.875 1.375 -7.205 -1.441 -0.330 -0.066
1780-1800 4 5.500 1.375 -5.652 -1.413 -0.152 -0.038
1800-1820 4 5.500 1.375 -5.540 -1.385 -0.040 -0.010
1820-1840 4 5.500 1.375 -5.428 -1.375 0.072 0.018
1840-1860 5 6.875 1.375 -6.645 -1.329 0.230 0.046
1860-1880 4 5.500 1.375 -5.204 -1.301 0.296 0.074
1880-1900 4 5.500 1.375 -5.092 -1.273 0.408 0.102
1900-1920 2 2.750 1.375 -2.490 -1.245 0.260 0.130
1060-1920 3939 2699.625 0.685 -7832.435 -1.988 -5132.808 -1.303
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Net balance

The net balance is presented in table 1. The net balance
ranges from -205 cm w. eq. at the very snout to 13 cm w.eq.
at the highest altitudes. It also shows that the main mass
is withdrawn from the area situated at 1200-1550 m a.s.l.,
encompassing ca. 80 % of the glacier surface. Variations in
accumulation and ablation in this relatively narrow height
interval dominates the net balance of Rabots glaciar.
Comparisons with data supplied by Brugger (pers. comm. ),
Holmlund (pers. comm.) and Karlén and Eriksson (pers.
comm.) concerning the mass balances of Storglacidren and
Rabots glacidr show that the net balances of both glaciers
closely follow each other during the period 1981-1985 (Fig.
53). The local net balance minimum found during the balance
year 1985 seems to be caused by low accumulation
quantities, indirectly inducing high ablation rates
(Stroeven & van de Wal 1987).

[Cowe
2.5‘{
2.0 ]
WINTER
1.8 |
1.0} f/
0.5 | EL A MET
' |
o ] Ll ] 1 L-,—.T-
tt1o0 1200 1300 1400 1800 4 1soco
=0.9 |
=1.0_] S UMMER
Ym0, 1401077 % ¢ 2919
1.5}
«2.0.]
-2.5 ]
HEIGHT ABOYE SEA LEVEL (M
Fig. 50: The specfic winter-, summer- and net balances on

Rabots glacidr as a function of altitude.
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Fig. 51: Spatial ditribution of the cmulative potential
incoming short wave radiation over the "5-line".

Surface velocity results

Seasonal variations in surface velocity have been observed.
Variations in magnitude reveal the basal sliding component
(0-17 mm/day) and the internal deformation component (4-31
mm/day). Variations in direction suggest the existence of
lateral stresses. Viscosity calculations basgﬁ)%n gurface
velocity measurements give a value of 4,7*10"*"m°N""s"~, a
value comparable with a value earlier obtained on
Storglacidren by Brzozowski & Hooke (1981).

Basal sliding

Variations in the magnitude of the summer and winter
surface velocity reveal the basal sliding component, since
this component is assumed to reduce to 2zero during the
winter while the internal deformation component is assumed
to be constant throughout the year. The mean basal sliding
component over the stakes amounts to 7 mm/day, with a
standard deviation of 5 mm/day (Stroeven & van de Wal
1987). In comparing the results of the lower ablation area
(4, 5-line and 6, figure 52) with values obtained by
Brzozowski & Hooke (1981) for a similar area on
Storglacidren (2-8 mm/day) full correspondence is found.



75

Internal deformation

When the basal sliding component is assumed to be zero
during the winter, then the winter velocity reveals the
internal deformation component. This component shows a
variation among the different stakes of 4-31 mm/day. For
example, a calculation for stake 5Bl (measured: 21 mm/day)
yielded a value of 27 mm/day. However, taking into account
the accuracy of the ice thickness value and the surface
gradient value at the stake location, the internal
deformation value can possibly range between 13 and 65
mm/day. Moreover, the application EE %he :yi cosity as
obtained on Storglacidren (7.3 * 10~ m® N 2s~ ") and the
assumption that the basal sliding reduces to zero do not
favour a comparison of the field data with theory
(Brzozowski & Hooke 1981).

—  Summar velocity
secm—=  Winter velosity

e VYoar vslocity

[/] 20 mm/ dey

Fig. 52: Display of horizontal winter, summer, and yearly
surface velocities at the stake locations on Rabots glacidr
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Comparison of Storglacidren and Rabots_glacidr.

The net balances of Storglacidren and Rabots glacidr during
the last five years reveal striking similarities. Since
thorough mass balance studies are carried out yearly on
Storglacidren, we consider a limited investigation on
Rabots glacidr quite adequate for obtaining a sufficiently
close control on its mass balance. As mentioned before, the
basal sliding of Rabots glacidr and Storglacidren are of
the same order of magnitude. This implies that the impact
of the subglacial water system on the basal sliding will be
the same. Since viscosity results show the same magnitude
for both glaciers, the temperature regime will be
approximately the same too. The total horizontal velocity
at Rabots glacidr is substantially lower than on
Storglacidren. In the lower ablation area values of about
35 mm/day were measured on Storglacidren (Brzozowski &
Hooke 1981) and values of about 25 mm/day, were obtained on
Rakots glacidr. Differences are probably due to the
slightly steeper surface of Storglacidren, since the ice
thickness is approximately the same (Bjdrnsson 1981). The
differences in glacier flow in the cases mentioned can
therefore theoretically be explained.

BALANCE [(MWE)

l | ] ] i
81/82 82/83 83/84 84/85 85/86

TIME (YR S)

Fig. 53: A comparison of mass balance between Rabots
glacidr (R) and Storglacidren (S) during the last ten
years; shown are the winter (W), summer (S) and net (N)
balances.
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MARMAGLACIAREN
Per Holmlund

Marmaglacidren has ©been the object of a glacier-
climatological study because of its anomalous response to
the climatic change around 1910. Its rate of recession is
negligible, but the tongue has become thinner inside its
large terminal moraines and the total mass logs is on the
same order as that of other valley glaciers of the same
size. The response of MAarmaglacidren was quick. This is
surprising since glacial morphological observations suggest
a thin glacier and such glaciers are associated with long
response times. The bed of Marmaglacidren was mapped by
radio-echo techniques in the spring of 1984 and 1987. The
results show that the tongue of Marmaglacidren lies on a
smooth valley floor, wheras the bed of the accumulation
area is rough and steep. The maximum thickness is 260 m,
which is the thickest recorded ice depth of a Swedish
glacier so far. Thus, the morphological features on the
cirque walls originate from the deglaciation of the .area.
Marmaglacidren has probably never been that thick during
Holocene.

Inledning

Sedan 1965 drivs ett projekt i Tarfalastationens regi d&r
ett 20-tal svenska glacidrers fronter star under
observation. Detta projekt ger en kontroll av Stor-
glacidrens regionala representativitet samt visar hur olika
glacidrtyper anpassar sina respektive utbredningar efter
forandringar i klimatet.

Sedan studierna pabdrjades har samtliga fronter retirerat.
Glacidrerna har dock retirerat olika mycket. Marmaglacidren
har retirerat ndgra f& meter medan Mikkaglacidren retirerat
340 meter. Av dessa tvd glacidrer &r det Marmaglacidren som
skiljer sig mest frdn 6vriga observerade glacidrer. Det &r
mycket svadrt att uttrycka dess retrdtt i siffror dé
glacidrens tunga ligger damd av stora isfyllda moré&ner
(Fig.54) och 1900-talets varma klimat har medfdrt att dess
tunga visserligen har tunnats ut, men frontens retrédtt &r
mycket blygsam. Detta f&ranledde oss till att gdra en
kartografisk massbalansstudie f&r perioden mellan 1959 och
1978 8F§g.55). Glaciiren har under denna period fdrlorat ca
12*10°m° vatten (3,0 m specifikt) vilket motsvarar en arlig
uttunning av ca 16 cm is. Av tabell 17 framgar det att
detta virde &r 1&gt i forhdllande till andra observerade
glacidrer. Storglacidren som har tunnats ut dubbelt sé
mycket under perioden befinner sig nu i ett med klimatet
nira balanserat tillstdnd. Marmaglaci&ren tycks alltsd ha
anpassat sig till ett post-1910 klimat tidigare, vilket &r
anmdrkningsvédrt eftersom glacidren é&r badde stdrre och
flackare &n Storglaciédren.
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Tabell 17: Arlig massbalans uttryckt i vattenekvivalenter
fér ndgra svenska glacidrer under jamfdrbara perioder. Med
undantag frdn Storglacidrens massbalans bygger samtliga
massbalansdata pa kartstudier.

Glacié&r Period Massbalans
Marmaglacidren 1959-1978 -0.16 m

Storglacidren 1959-1980 -0.33 m

Mikkaglacidren 1960-1980 -0.21 m

Riukojietna 1960-1978 -0.60 m

Tabell 18: Resultat fr&n kartarbeten samt prelimindra

resultat frdn radioekosonderingar utfdrda 1984 och 1987 pa
Marmaglacidren.

Léngd Yta Volym Maxdjup Medeldjup Basal

skjuvspdnning
km km?2 %10 m3 m m bar
3.60 3.92 440 260 112 1.51
Tabell 19: Den basala skjuvspdnningen ber&knad £6r néagra

svenska glacidrer. Isdjup och isytans lutning &r berdknade
ldngs glacidrernas mittlinje.

Glaciéar Basal skjuvspdnning Frontens arliga
férandring
bar 1977-1985
m
Isfallsglacidren 1.59 3
Marmaglacidren 1.51 *
Storglacidren 1.49 4
Bjbérlings glacidr 1.49 L
Rabots glacidr 1.33 13
Riukojietna 0.76 10
Tarfalaglacidren 0.61 i

* Frontens lége ej métbar p.g.a. frontens konfiguration.
** Frontens ldge stAr inte under observation.
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Faktorer som ger en glacidr kort reaktionstid &r hég
ablation och ackumulation samt en snabb isrdrelse. Dessa
faktorer paverkar &ven skjuvspdnningen vid glacidrernas

botten. Den basala skjuvspé@nningen

glacidrers aktivitetsgrad. En akti
underlag effektivt och anpassar

kan ses som ett matt pa
v glacidr eroderar sitt
fortare

till nya

klimatsituationer &n en glacidr med 1&g skjuvepdnning vid

bottnen.
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Fig. 54: Karta over Marmamassivet.
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Normalt varierar den basala skjuvspdnningen mellan 0,5 och
2 bar. Med dessa kriterier som bakgrund kan man sluta sig
till att Marmaglacidren mdste ha en ansenlig tjocklek da
dess flacka yta annars, teoretiskt sett, skulle ge orimligt
l4dga vdrden pd isrdrelsehastigheten. Denna tanke mdter dock
ett visst motstdnd om glacialmorfologiska foérhallanden
beaktas.

Hela MArmamassivet &r glacialt prédglat med djupa och skarpa
nischer. P& sddra sidan av MAarmaglacidrens stérre nisch
finns vackert glacialt skulpterade former ca 100 m ovanfdr
dagens sndyta (Fig.56) som visar att glacidren varit stoérre
och att den effektivt har eroderat sitt underlag. Pa norra
sidan om samma nisch, ndgot nedstrdms den f&rra lokalen,
finns en mycket fint utbildad lavgré&ns ca 30 m Sver dagens
yta (Fig.57). Vid glaciirens senaste maximum nddde den med
sdkerhet upp till denna gréns.

MARMAGLACIAREN

Fig. 55: 1Isytans nivadférdndring mellan 1959 och 1978
berdknat frédn kartor, ‘uttryckt i meter. Den stérsta
positiva fdrdndringen noterades vid punkt A d&r isytan
héjts 10 m. Kraftigast uttunning (15 m) var vid punkt B.



81

Om ett ackumulationsomrade &r tunnt, préglas dess topografi
starkt av sitt underlag, vilket i praktiken betyder att det
blir brant och ojédmnt. En m#ktig glacidr paverkas mindre av
topografin och blir d&rmed Jj&mnare och mindre brant.
Eftersom en glacidrs rdrelsehastighet Okar snabbt med
bkande isdjup &r det svart att foérstd hur glacidren kunnat
slipa h#&llar hégt ovanfér sin nuvarande yta samtidigt som
fronten inte ryckt fram l&ngre &n till den yttre morénen.
M&jligen kunde glacidren ha expanderat i sin &vre del om
isdjupet var litet, men, som n&mnts ovan, talar andra
observationer emot detta.

Om vi sammanfattar ideérna sd tyder alltsd glacidrens korta
reaktionstid, samt observationen av det Jj&mna ackumula-
tionsomrddet pa& att glacidren &r tjock. Mot detta star
observationen av glacialt skulpterade former hégt uppe pa
bergssidorna.

F6r att bringa klarhet i dessa delvis motsédgelsefulla
uppgifter beslutade vi oss f8r att arbeta fram en god
fysikalisk beskrivning av glaciédren. Kartan framstélldes
vid Naturgeografiska institutionen (Fig.54) och komplet-
terades med en kartering av bottentopografin (Fig.58).
Radioekosonderingarna vid MArmaglacidren pabdrjades i maj
1984 med en ©&Sversiktlig radioekosondering av hela
glacidren. Mitningarna kompletterades i maj 1987. Totalt
registrerades ca 45 kontinuerliga profiler vilket motsvarar
en strécka pd drygt 30 km (Fig.58).

Tidigare arbeten vid Marmaglacidren

Den férsta dokumentationen av glaci&ren skedde 1918 d& den
besdktes och fotograferades av Fredrik Enquist (Fig.54).
Hans fotografier visar en glacisr som stdr ute vid sina
yttersta mordner och vélver sig uppstréms dessa. Under
1960-talet undersdktes de isfyllda mor&nerna av Ostrem
(1965) och de har daterats av Karlén (1975).

Glacidren &r kortfattat beskriven av Schytt (1968) i
samband med en presentation av glaciirfrontsundersdkningar.
I “Atlas over Breer i Nord- Skandinavia"(Ostrem et al.
1973) &r glaciidren beskriven som en dalglacidr med
sammansatt ackumulationsomrdde och med en jd&mn l&ngsprofil.
I 6vrigt framgdr ocksd att det férekommer mittmor&n samt
att frontmordnen &r stor och isfylld. I Naturvardsverkets
bedémning av  vdrdet  hos geomorfologiska objekt i
fjdllkedjan uppmdrksammas de isfyllda morédnerna samt hela
massivets glaciala former som intressanta men inte av
stérsta skyddsvdrde (Melander 1975).



Fig. 56: Glacialt skulpterade former pa& Marmatjdkkas
Stortopps-nordostsluttning. Fotograferat i maj 1984 av Per
Holmlund.

Fig. 57: MAarmaglacidren frdn NV. Observera de tydliga
lavgrédnserna pd bergsluttningarna. Fotografet &r taget fran
en helikopter den 8 augusti 1985 av Per Holmlund.
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Resultat

Resultaten fr&n radioekosonderingarna visar att glacidren
dr den hittills djupaste glacidr som vi har undersdkt i de
svenska fijdllen (Tabell 18). Det finns en antydan till en
svag 6verfdrdjupning, i ackumulationsomraddet med mycket
branta sidor. De glacialt skulpterade formerna som ligger
ovan lavgrdnsen h&rrér troligen fran hela MAarmamassivets
deglaciation. Den ber#&knade basala skjuvspdnningen antyder
att glacidren &r aktiv i foérhdllande till andra svenska
glacidrer (Tabell 19).

lce thickness on Mérma-
glacidren

Preliminary result of radio-
echo soundings 1984-1987

-

500 1000 m

== N

Fig. 58: Prelimin&ra resultat fran radioekosonderingar vid
Marmaglacidren 1984 och 1987.
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SNOWPROBINGS IN TARFALA VALLEY MAY/JUNE 1987
Katarina Strémberg

In May/June 1987 the snow depth was probed at 50 m
intervals along profiles in the Tarfala Valley. The results
indicate that the precission decreases if the distance
between each measurement is increased. There is a distinct
difference in mean snow depth between the profiles.

I maj/junl 1987 genomfdrdes ndgra sonderingar av snddjupet
i den O6vre delen av Tarfaladalen. Malet var fré@mst att
undersdka hur stora skillnader i snédjup som kan f&rvéntas
lings en sonderingsprofil och om det a&r patagliga
skillnader i sn&djup inom delar av dalen.

Sonderingar utfdrdes l&ngs 4 profiler i dalens
langdriktning och en profil tvdrs &ver dalen. Sonderingar
utférdes f6r var 50:e meter. Vid bearbetningen har
resultatens beroende av sonderingstdtheten och profilernas
snédjup jamforts.

Resultaten visar att standardfelet &kar markant redan om
avstdndet melan sonderingspunkterna 8kas frén 50 till 100 m
(26%). Okas avstdndet till 200 m blir standardfelet
avsevdrt (80%). Skillnaden i snddjup mellan de olika
profilerna &r stort.

Snésonderingar

Frdn rése p& mordnen vister om stationen till punkt R-40
nedanfdr Storglacidren: medelsndédjup =141 cm, vattenvérde
=64 cm.

Frdn P-40 till triangelpunkt 1 vid Storglacidrens
frontmoréner: medelsnddjup =132 cm, vattenvdrde =60 cm.

Fradn triangelpunkt 1 till E-stenen O&ster om stationen:
medelsnédjup =131 cm, vattenvdrde =59 cm.

Frdn E-stenen till r&set pd8 mor&nen véster om stationen:
medelsnédjup =115 cm, vattenvdrde =53 cm.

Snédensiteten var den 23 maj i ett 275 cm djupt schakt
0.45 Mg m™~.

Snédjupet vid Tarfalastationen

Uner sommaren 1987 sattes 10 stakar ut i n profil frén
termometerburen upp mot Kaskasatjdkka. Avsikten &r att
snddjupet skall mdtas vid dessa stakar. En fdrsta métning
ldngs en tempordr stakrad gjordes den 2 juni 1987,
medelsnédjupet var 108 cm.
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TARFALA RADIO COMMUNICATIONS - TRIALS AND SYSTEM DESIGN

carl-Henrik Walde, Head FMV Radio Division

Background

Férsvarets materielverk (FMV, the Swedish Defence Materiel
Adsministration) advised the Swedish Polar Research
Secreteriat on radio communications for the Swedish
Antarctic Research Project SWEDARP 1987/88.

When Tarfala was used  for polar training, FMV suggested a
VHF radio system, identical to that for Antarctica, to
extend the present radio coverage around Tarfala.

System structure

As several areas of interest are far away and hidden behind
mountains, relay station (repeater) must be used. Map
study led to the inclusion of a fixed repeater atop near-by
Kaskasatjdkka (2076 m a.s.l.).

Tests

A field trial took place in August, 1987, with one party on
the Kaskasatjadkka summit, one at the Tarafala research
station, and one flown by helicopter to the outer sites.
The results were extremely good with excellent speech
quality throughout. Many of the interesting glaciers in the
Kebnekaise/Tarfala area were reached directly from the
base. The repeater covered the distant glaciers as well as
the important emergency coordination sites:

Riukojietna glacier and lake (NW, 30 km)
MArma glacier (N, 16km)
Unna R&#ita glacier and hut (NW 8 km)
Kebnekaise tourist station (S, 9 km)
Nikkaluokta heliport (SE, 21 km)
Kiruna town (incl. Police station) (E, 70 km)

Main system features

The radio system will be based on foolproof, VHF marine
portable radio sets with solar cell battery charging. The
repeater will have a heavy NiCd battery back-up, large
solar cell(s) and perhaps a wind generator. The same
receive frequency will be used in the normal and relay
modes to safe-guard against operator'’s errors.
Transportable repeaters, e.g. in the Sarek area, may be
added and linked from the fixed Kaskatjdkka repeater. There
will be possibilities for telemetry with external data
transmission equipment.
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Project time schedule

In the first phase the base station, the fixed repeater,
and the portables will be procured and installed in 1988. A
second phase could consist of more portables, telemetry
equipment, and/or a transportable repeater. The integration
of the base radio remote control into the present Tarfala
intercom system will be possible after the overhaul and a
slight modification of the intercom intallation.
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NOTES

Ice-cored moraines

Madrmaglacidrens stora isfyllda frontmoréner radioekosonderades
i maj 1987. Registreringarna &r &nnu inte analyserade i detalj
men enligt preliminira resultat innehaller mor&nerna en iskdrna
med upp till 30 meters mdktighet.

Glacier front observations

Under september karterades fronternas positioner vid
Storglacidren, Isfallsglacidren och s.0. Kaskasatjdkka-
glacidren. Det fanns rester av vinterns sndtédcke kvar vid
glacidrfronterna. Fronten pa& Rabots glacidr mdttes med

mattband frén fix punkter.

Den 2 september méttes Isfallsglacidrens front in med kompass
och mattband. Det fanns mindre rester kvar av vinterns
snotacke.

Fixpunkt Kompassriktning Avstand Kommentarer
360 grader m
I-65 250 219 snd vid fronten
B-57 240 220
B-61 250 107,5
II-65 220 226 snd vid fronten

Measurements of Kebnekaises sydtopp
Sydtoppens h&jd faststédlldes den 15 augusti till 2115 m &.h.

Inmdtningen gjordes frén "Norra moradnpunkten" pd Storglacidrens
norra sidomordn med en Geodimeter 140.
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APPENDIX 1

PERSONEL AND GUESTS 1986/87
PROJEKTANSVARIGA

Andreasson Per-Gunnar

Geologiska institutionen, Lunds universitet
Bronge Christian

Naturgeografiska institutionen, Stockholms universitet
Brouillette Steven

University of Minnesota
Foyer Martha

Stockholm
Gee David G.

Geologiska institutionen, Lunds universitet
Grudd Hakan (intendent)

Naturgeografiska institutionen, Stockholms universitet
Holmlund Per (forskarassistent)

Naturgeografiska institutionen, Stockholms universitet
Hooke LeB Roger (professor)

Department of Geology, University of Minnesota
Jansson Peter

Naturgeografiska institutionen, Stockholms universitet
Karlén Wibjorn (professor, stationsfdresténdare)

Naturgeografiska institutionen, Stockholms universitet
Kathol Benno _

Geologiska institutionen, Stockholms universitet
Kohler Jack

Department of Geology, University of Minnesota
Pohjola Veijo

Naturgeografiska institutionen, Uppsala universitet
Rosqgvist Gunhild

Naturgeografiska institutionen, Stockholms universitet
Rudensky Ksenia

Department of Geology, University of Minnesota
Svenningsen Olof

Geologiska institutionen, Lunds universitet
Wiberg Dan

Department of Geology, University of Minnesota
Ostling Michael

Naturgeografiska institutionen, Stockholms univeristet

Summa

dygn

22
56

21

80
64
44
97

34
76
89
19

34

44

701
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HANTLANGARE

Bondeson Sdren, Stocholm
Derwinger Suzanne, Stockholm
Eriksson Lena, Farsta
Eriksson Mats, Stockholm
Finnander Maj-Lena, Malmd
Holm Fredrik, Karlstad
Isaksson Elisabeth, Kiruna
Isaksson Ingela, Goteborg
Johnsson Katarina, Malmo
Lindborg Eva, Sollentuna
Nilsson Ylva, Stockholm
Rydén Anders, Uppsala
Strémberg Katarina, Goteborg
Sdlgblad Christina, V&llingby
Truedsson Christina, Lund
Wennberg Stefan, Stockholm
Winborg Olle, Falun

OVRIG PERSONAL

Andersson Eskil, Piteda

From Erik, Byggnadsstyrelsen, Luled

Grudd Marina, Sollerdn (k8kspersonal)
Hansson Thorild, Byggnadstyrelsen, Luled
Johansson Blrger, Byggnadsstyrelsen, Luled
Nilsson Sven-Evert, Byggnadsstyrelsen, Lulea
Persson Eva, Llndesberg (k6kspersonal)
Schytt Anna, Stockholm (kdkspersonal)
Selstedt Kerstin, Byggnadsstyrelsen, Umea
Sund Ragnar, Byggnadsstyrelsen, Umed
Sérman Marianne, Byggnadsstyrelsen, Umed
Waaranperd Monica, Kiruna (kdkspersonal)
Wikstrdm Thomas, Byggnadsstyrelsen, Lulea
Agren Pelle, Byggnadsstyrelsen, Umea

Summa

13
28
26
30
36
62
45
34
26
44
25
45
32
35
54

11

553
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KURSER

Ahlberg Karin, 5p kurs Geovetarlinjen, Stockholm

Albinsson Klas, Antarktiskurs, Stockholm

Berg Jack, Antarktiskurs, Stockholm

Berggvist Jan, Antarktiskurs, Vastra Frdlunda

Bjérkhem Gunhilde, gymnasiekurs, S-Duvnés

Bolin Bert, Antarktiskurs, Stockholm

Bylund G8ran, Antarktiskurs, Lund

Claesson Anette, 5p kurs Geovetarlinjen, Stockholm

Drewrey David, Antarkiskurs, Cambridge

Enstrém Urban, Antarktiskurs, Stockholm

Gullstrand Tore, Antarktiskurs

Herman David, gymnasiekurs, Lidingd

Hjort Christian, Antarktiskurs, Lund

Johnson Theutenberg Bo, Antarktiskurs, Stockholm

Jonsson Stig, Antarktiskurs, Stockholm

Kallings Lena, gymnsiekurs, Stockholm

Karlqgvist Anders, Antarktiskurs, Stockholm

Kohnen Heinz, Antarktiskurs, Munster, Vésttyskland

Kdllstrém Margareta, Antarktiskurs, Stockholm

Larsson Kent, Antarktiskurs, Lund

Lindgren Anna, gymnasiekurs, V#llingby

Lindstrém Maria, Antarktiskurs, Stockholm

Luthander Ylva, 5p kurs Geovetarlinjen, Stockholm

Mansukoski Riitta, Antarktiskurs, Finland

Melander Olle, Antarktiskurs, Stockholm

Mellbourn Klas, gymnasiekurs, Stockholm

Nylsf Ulf, Antarktiskurs, Karlsborg

Nystrém Cecilia, 5p kurs Geovetarlinjen, Stockholm

Ingolfsson Olafur, Antarktiskurs, Lund

Persson Asa, gymnasiekurs, Lidingd

Reho Anneli, gymnasiekurs, Stockholm

Rudbdck Gdran, Antarktiskurs, Stockholm

Schéldborg Filippa, gymnasiekurs, Vdllingby

Stenman Andro, Antarktiskurs, Ornskéldsvik

Tempest Tristan, gymnasiekurs, Stockholm

Thérlind Bertil, Antarktiskurs, Upplands Vasby

Tieva Bo, Antarktiskurs, Kiruna

Ulfstedt Ann-Cathrine, (ledare) 5p kurs Geovetarlinjen
Stockholms universitet

Ullander Rune, Antarktiskurs, Sollentuna

Walde C-H, Antarktiskurs, Stockholm

Westerberg Joakim, gymnasiekurs, Ekerd

Wickman Tonie, 5p kurs Geovetarlinjen, Stockholm

WAtz Anna, gymnasiekurs, Stockholm

zale Rolf, Antarktiskurs, Umea

zander Cecilia, gymnasiekurs, Nacka

Astrdm Bengt, Antarktiskurs, Ostersund

STF kurser

Tarendd-skolan
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GASTER

Andersson Anders, Kalmar

Asfrey Damien, Sydney, Auastralien
Berggren Per-Erik

Fernstrom Kenneth, Lund

Fjdllstrém P&r, Sveriges Riksradio, Luled
FMV Radio

Fyer Lars, Stockholm

Gee Hilda, Uppsala

Grudd Birgit, Sollerdén

Grudd Einar, Sollerdn

Hooke Ann, Minneapolis, USA

Hoppe Gunnar, Stockholm

Karlén Jessie, Uppsala

Karlén Leif, Uppsala

Linderson Hans, Lund

Mj6bo Ylva, Lund

O’leary Peter, Sydney, Australien
Parlow Eberhard, Freiburg, Védsttyskland
Persson Maria, Bandhagen

Pohjola Oscar, Toshédlla

Pohjola Solveig, Torsh&dlla

Rautio Petra, H&gersten

Rosner Hans-Joachim, Freiburg, Vasttyskland
Scherer Dieter, Freiburg, Véasttyskland
Seger Kerstin, Ljungby

Sj6strém Arne

Walde Karin, T&by

Oberg Thomas, Sveriges Riksradio, Lulead

HFNDMNMDOAOEALANDNUOLEFHELNOAUOLULWWWWEWNENEFEEFEW

Summa 95

SUMMA OVERNATTNINGAR 2068
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DAILY VALUES OF MAXIMUM AND MINIMUM TEMPERATURE AND WINDSPEED

JULIAN MAX TIME MIN TIME MAX TIME MIN TIME

DAY TEMP MAX T TEMP MIN T WIND MAX W WIND MIN W
149 2.59 12.25 0.72 12.58
150 6.31 16.13 0.07 19.41 3.43 19.55 0.43 16.10
151 7.09 15.55 0.94 22.16 3.61 19.05 0.01 21.07
152 9.6 16.04 0.09 00.34 4.43 15.32 0 08.44
153 7.09 12.49 -0.41 00.50 5.87 14.01 0 15.40
154 6.6 15.00 1.03 01.37 4,07 06.53 0 01.16
155 6.77 09.27 1.06 05.10 4.53 20.20 0 02.10
156 4.26 11.13 0.29 19.56 7.4 03.32 0 01.38
157 5.73 14.52 0.37 04.35 12.58 21.39 0 03.24
158 3.75 15.29 -0.65 23.44 12.32 05.55 0 00.16
159 3.48 09.30 -0.85 00.53 3.75 05.57 0 01.34
160 3.86 11.20 -1.20 02.20 4.5 18.54 0 00.51
161 0.45 14.37 ~2.78 06.23 .6.08 23.57 0 11.06
162 2.41 13.32 -2.49 04.54¢ 9.3 03.51 0 08.55
163 7.35 10.51 -0.37 02.36 2.54 17.10 0 00.01
164 2.02 16.51 -0.76 05.51 3.05 09.47 0 15.46
165 3.69 11.07 -0.12 03.25 3.08 13.26 0 01.15
166 7.34 08.02 0.33 00.42 4.97 11.57 0 00.14
167 8.61 16.55 0.17 02.23 4.09 12.27 0 04.21
168 7.8 17.00 1,29 03.23 4.61 23.09 0 15.12
169 8.06 11.04 2.48 23.45 13.8 18.48 00.01 00.33
170 4,37 11.50 1.86 04.58 6.71 00.29 0 03.41
171 6.02 15.07 1.13 05.04 9.29 22.49 0 01.35
172 8.45 11.20 2.15 22.39 9.38 00.31 0 00.08
173 7.76 16.52 1.66 02.21 3.4 03.53 0 02.47
174 8.3 13.23 2.05 02.15 4.3 11.36 0 03.17
175 8.53 10.23 1.74 03.44 8.41 11.33 0 05.47
176 7.3 15.30 2.35 06.15 3.6 17.03 0 03.11
177 7.84 14.49 1.98 00.43 4.48 21.51 0 05.27
178 7.99 15.22 2.57 23.58 5.98 16.38 0 02.10
179 10.96 14.02 1.65 02.03 5.78 16.30 0 00.15
180 6.65 07.07 1.04 23.58 5.62 14.21 0 03.08
181 1.5 01.33 -0.57 23.20 11.03 17.20 0 19.41
182 4.49 12.40 -0.92 01.56 8.86 04.07 0 00.27
183 6.442 17.06 -1.28 03.12 7.47 22.44 0 16.16
184 13.88 16.10 0.38 21.44
185 20.2 13.15 0 23.55
186 11.44 11.47 0 00.42
187 17.97 22.50 0 00.38
188 Change of temperature probe, 16.81 06.37 0 13.00
189 ) 10.82 15.10 0.04 22.12
190 no data available. 4.3 22.11 0.01 22.44
191 13.96 06.41 0 00.02
192 6.1 19.18 0 23.33



193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233

8.5
6.26
9.99
12.37
13.87
15.56
19.15
18.87
18.14
16.18
11.98
9.33
5.45
6.06
5.32
8.98
5.52
7.63
3.75
8.31
6.54
5.93
7.77
17.5

Datalogger stopped working due to power

7.22
4.43
10.82
14.41
12.78
7.96
1.98
1.71
5.04
4.84
4.29
7.62
3.48
5.04

14.03
10.42
18.03
15.18
16.19
13.47
16.12
16.38
15.07
15.03

5.26
15.28
11.24
15.55
19.21
15.35
18.24
12.24
14.04
15.01
15.05
15.35
23.17
21.38

18.25
14.44
17.12
16.29
15.04
16.14
14.26
16.46
15.37
17.03
16.12
16.15
00.00
16.18

1.02
1.37
2.8
1.09
2.39
5.46
7.36
7.22
7.9
9.13
4.98
5.18
2.25
0.82
3.21
0.89
2.25
1.84
-0.34
1.16
3.21
3.82
5.11
5.11

2.52
0.27
0.27
2.32
3.07
1.43
-1.64
-3.14
-1.23
0.48
-1.16
0.07
0
0.55
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04.41
02.40
23.59
04.12
04.48
04.58
01.48
05.13
01.19
00.14
23.16
23.37
22.49
05.22
23.25
05.35
04.52
23.55
05.15
03.35
06.32
03.23
09.37
05.37

11.42
07.44
05.49
06.17
23.56
01.45
23.57
07.42
05.57
23.57
04.28
04.29
08.35
03.15

6.55
5.66
4.72
5.4
5.63
6.22
4.93
4.77
7.67
7.72
16.81
23.8
25.53
6.09
6.93
6.82
7.03
21.38
21.67
6.67
22.99
10.6
12.48
12.04

9.04
8.95
8.15
6.41
6.84
8.49
17.32
4.3
7.81
7.6
6.22
5.47
4.59
5.47

09.59
13.15
18.05
13.32
13.59
09.25
16.37
18.56
13.27
23.59
13.00
22.46
07.29
00.43
08.41
16.04
18.13
22.26
04.12
00.59
21.47
18.06
23.27
00.48

failure.

19.05
21.41
23.25
19.11
16.53
17.57
16.55
15.39
23.14
13.35
13.31
14,55
13.31
23.38
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00.03
01.38
22.18
00.23
05.07
07.29
12.30
15.46
21.18
06.05
03.00
22.25
19.01
01.24
02.16
12.01
19.56
02.32
20.44
03.33
00.38
03.49
04.11
17.46

09.59
04.54
03.40
01.35
01.24
11.36
10.37
06.26
06.29
05.36
03.18
00.00
05.55
02.58
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SNOWSOUNDINGS ON STORGLACIAREN 18-23 MAY 1987
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APPENDIX 4

STAKE PROTOCOL WINTER 1987/88

Nummer p4 staken

Anger stakens ldngd efter skarvning i september
Noterad is eller cm nysnd

= (2)

+(3)

100

Stakléngden &ver sndytan fére skarvning

= (4)

-(5)

Sndackumulationene vattenvirde;
Forlédngning av staken i cm

(6)* snéns medeldensitet

= (4)+(8)
St?ke i 30/8-14/9 6 november 8 februari
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10 11) (12 13 14 15
Nr h6jd is total hdjd sné sné  skarv total ﬁbjé éné) énﬁ) éka%v éot;l ién;d
(cm) 8nd langd (cm) djup g/cm® (cm) léngd (cm) djup g/cm? (cm) 1&ngd &ver
(e over {cm) (cm) (cm) (cm) snd
is/e (cm)
2N1 289 is 289 - FEL 0 289 : 82 207 67,5 200 489 282
3N1 268 is 268 - FEL 0 268 : 104 164 53,5 100 368 204
4N1 280 is 280 - FEL 0 280 : 143 137 44,7 100 380 243
SN1 290 290 - FEL 0 290 : 145 145 47,3 200 490 345
581 279 279 ¢+ - FEL 0 279 140 139 45,3 200 479 340
6 270 270 ¢ - FEL 0 270 - FEL  FEL 270 FEL
8 290 290 ¢ - FEL 0 290 98 192 62,6 290 98
BN1 190 is 190 ¢ - FEL 0 190 : 16 174 56,7 190 16
BN2 326 is 326 ¢+ - FEL 0 326 : 148 178 58,0 200 526 348
881 223 223 ¢ - FEL 0 223 : 162 61 19,9 223 162
8S2 200 200 + - FEL 0 200 : 103 97 31,6 200 400 303
9 269 269 t - FEL 0 269 : 136 133 43,4 200 469 336
9N1 177 177 ¢ = FEL 0 177 42 135 44,0 200 377 242
981 237 237 ¢ - FEL 0 237 §5 182 59,3 200 437 255
982 202 202 ¢ - FEL 0 202 - FEL FEL 202  FEL
10 310 310 ¢ - FEL 0 310 186 124 40,4 310 186
10N2 200 is 200 1 - FEL 0 200 83 117 38,1 200 400 283
1081 226 is 226 - FEL 0 226 - FEL FEL 226  FEL
12NE 87 2 89 7 82 200 289 - FEL FEL 289  FEL
12NC 85 is 85 FEL 0 85 - FEL  FEL 85 FEL
12NW 91 is 91 : - FEL 0o 91 = FEL FEL 91  FEL
1283 249 is 249 : - FEL 0 249 200 49 16,0 249 200
13NE 152 150 : 53 97 200 350 : 79 271 88,3 200 550 279
13NC 158 158 + 58 100 200 358 : 89 269 87,7 200 558 289
13NW 152 152 ¢+ 43 109 0 152 : - FEL FEL 152  FEL
14 259 259 ¢ - FEL 0 259 : 124 135 44,0 200 459 324
14N1 266 is 266 217 49 0 266 : 122 144 46,9 200 466 322
14N2 300 is 300 230 70 0 300 : 117 183 59,7 200 500 317
1481 237 is 239 170 69 0 239 : 95 144 46,9 239 95
1482 220 is 220 188 32 0 220 : 112 108 35,2 200 420 312
1454 209 is 209 @ - FEL 0 209 : 133 76 24,8 200 409 333
16 238 10 248 : 215 33 0 248 : 97 151 49,2 200 448 297
17 340 8 348 : 321 27 0 348 : 210 138 45,0 0 348 210
17N1 316 10 326 252 74 0 326 : 150 176 57,4 200 526 350
17N2 247 12 259 165 94 0 259 : 33 226 73,7 200 459 233
18 329 11 340 280 60 0 340 : 158 182 59,3 200 540 358
1881 268 11 279 249 30 0 279 : 146 133 43,4 100 379 246
1882 247 10 257 : 210 47 0 257 : 140 117 38,1 200 457 340
1884 274 12 286 : - FEL 0 286 : 157 129 42,1 100 386 257
20 291 15 306 : - FEL 0 306 : 75 231 75,3 200 506 275
21NE 291 19 310 : - FEL 0 310 : 80 230 75,0 200 510 280
21NS 230 15 245 : 143 102 0 245 : - FEL FEL 0 245 FEL
2182 252 13 265 : = FEL 0 265 : 126 139 45,3 100 365 226
2183 265 12 277 : - FEL 0 277 : 72 205 66,8 200 477 272
25N3 193 10 203 : - FEL 0 203 : 160 43 14,0 200 403 360
26N4 263 18 281 : - FEL 0 281 : - FEL FEL 0 281 FEL
27 320 14 334 - FEL 0 334 : S2 282 83,1 200 506 251
2685 288 18 306 130 176 0 306 : 51 255 91,9 200 534 252
27 320 14 334 - FEL 0 334 : 52 282 106,3 200 736 410
27N2 318 18 336 193 143 200 536 : 210 326 108,9 200 759 425
27N4 341 18 359 205 154 200 559 : 225 334 165,0 200 746 240
27N6 328 18 346 : 220 126 200 546 : 40 506 FEL 0 497 FEL
28 280 17 297 : 143 154 200 497 : - FEL FEL 0 283 FEL
2885 265 18 283 : - FEL 0 283 : - FEL 147,0 200 741 290
29 324 17 341 : 130 211 200 541 : 90 451 117,4 200 732 372
29NS 309 23 332 : 165 167 200 532 : 172 360 103,0 200 743 427
29N7 319 24 343 : 197 146 200 543 : 227 316 FEL 0 338 FEL
29N9 310 28 338 - FEL 0 338 : - FEL FEL 0 267 FEL
31N4 249 18 267 : - FEL 0 267 : - FEL FEL 0 571 FEL
31IN6 253 18 271 : 95 176 300 571 @ - FEL FEL 0 584 FEL
31N8 256 28 284 75 209 300 584 : - FEL FEL 0 245 FEL
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APPENDIX 5

WINTERACCUMULATION 1986/87 ) 3
ON BJORLINGS GLACIAR, RABOTS GLACIAR, AND ON TARFALAGLACIAREN.

ACKUMULATIONSKARTA OVER
BJORLINGS GLACIAR

Vattenvirde (cm)
a 0-25
25-50
50-75
75-100
100-125
125-150
150-175

e m » I+ O
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ACKUMULATIONSKARTA OVER
TARFALAGLACIAREN

Vattenvidrde (cm)
@ 125-1560
® 1560-175
¥ 175-200
¥ 200-225
¥ > 2286













