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Horfandi joklar er samvinnuverkefni umhverfis- og
audlindardduneytisins og Vatnajokulspjédgards. Adrir
samstarfsadilar eru: Vedurstofa islands, Jardvisinda-

stofnun Héskéla islands, Nétturustofa Sudausturlands,
Joklarannséknafélagid og Durham University.

Melting glaciers is a cooperative project of Vatnajokull
National Park and the Ministry for the Environment and
Natural Resources. Other contributors are the Icelandic
Meteorological Office, Institute of Earth Sciences,
University of Iceland, South East Iceland Nature Research
Center, Iceland Glaciological Society and Durham
University.

Lifandi kennslustofa i
loftslagsbreytingum

A natural laboratory to
study climate change



Joklar islands
The glaciers of Iceland
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INNGANGUR

VATNAJOKULL

Loftslag fer hlynandi um allan heim og nemur hlynunin é
si®dustu 100 drum ad medaltali um 0,8°C vid yfirbord jardar en
mun meiru d nordurslédum. Petta virdist ekki ha tala en par
sem um vik frd medaldrshita er ad raeda eru dhrifin vidtaek og
birtast m.a. i brddnun hafiss og jékla, haekkun sjdvarbords,
lengri vaxtartima grédurs og breytingum é farhattum dyra,
svo eitthvad sé nefnt. Astaeda hlynunarinnar er fyrst og
fremst aukinn styrkur koltvisyrings (CO:) og fleiri svokalladra
grédurhisalofttegunda, svo sem metans (CH.), i lofthjopnum
sem leidir til sirnunar heimshafanna auk hlynunarinnar og
afleidinga hennar sem taldar eru upp hér ad framan. Aukning
grédurhisalofttegundanna er af mannavéldum og stafar
einkum af bruna @ kolum og oliu til raforkuframleidslu, i
samgéngum og idnadi, minni bindingu koltvisyrings vegna
grodureydingar og losun metans i landbinadi.

Einn tiundi hluti islands er hulinn jéklum. Vegna hlynunar
loftslagsins hopa peir hratt og sumir, eins og Okjokull, hafa
horfid & sidasta dratug. Hid sama er uppi & teningnum annars
stadar @ jordinni. Vatnajokull er langmestur islenskra jokla

og staersti hveljokull Evrépu utan nordurhjara, um 7800 km?
ad flatarmali. Fjoldi skridjékla gengur Ur sunnanverdum
Vatnajokli og teygja sporda sina nidur a ldglendid par sem
audvelt er ad komast ad peim.

Vatnajékull, Tungnafellsjokull og stér jokullaus svaedi
umbhverfis pessa j6kla eru verndud innan Vatnajokulspj6é-
gards. Umhverfisraduneytid hefur falid pjodgardinum i
samstarfi vi§ Vedurstofu islands a8 utfaera og framkvaema
eitt af verkefnum séknardaetlunar islands i loftslagsmélum.

| Geetluninni nefnist verkefnid Joklar Islands - lifandi kennslu-
stofa i loftslagsbreytingum en verdur hér eftir kallad Hérfandi
joklar til einféldunar. Markmid verkefnisins er ad auka vitund
félks um loftslagsbreytingar og dhrif peirra é jkla islands og
alls heimsins.

INTRODUCTION

VATNAJOKULL

Global surface temperatures increased by 0.8°C on average
during the 20th century and considerably more in the Arctic
and in sub-polar areas. This warming does not appear that
large considering day-to-day temperature fluctuations, but

as d change in mean annual temperature it has substantial
consequences, resulting for example in sea-ice and glacier
melting, rising sea levels, increased vegetation growth and
changes in migratory routes of birds and animals. The main
cause of the current global warming is anthropogenic emission
of carbon dioxide (CO2) and other greenhouse gases, such

as methane (CH.), into the atmosphere, leading to ocean
acidification in addition to the warming and associated
consequences listed above. The increase in the concentration
of greenhouse gases is due to combustion of fossil fuels, such
as coal and oil, in electric power plants, transportation and
industry, and a decrease in the uptake of carbon dioxide due to
deforestation, soil erosion and agriculture.

One-tenth of Iceland is covered by glaciers. Due to the warming
climate, they are currently retreating rapidly, and some
comparatively small glaciers have mostly disappeared during
the last decade. The same applies to glaciers elsewhere on
Earth. Vatnajokull is the largest glacier in Iceland, with an area
of ca. 7800 km?, and the largest ice cap in Europe outside the
Arctic. Many outlet glaciers of the ice cap flow towards the
southeast coast, where they are easily accessible.

Vatnajokull, Tungnafellsjokull and large ice-free areas around
these glaciers lie within Vatnajokull National Park. The Ministry
for the Environment and Natural Resources has appointed the
National Park in cooperation with the Icelandic Meteorological
Office to implement the project Icelandic Glaciers — A natural
laboratory to study climate change, Melting Glaciers in short.
The goal is to increase people's awareness of climate change
and the associated consequences for glaciers in Iceland and
elsewhere. This project is part of the climate change agenda of
the Icelandic Government and was announced just before the
Paris Climate Change Conference in December 2016.



Main ocean currents in
the North-Atlantic Ocean

Helstu sjavarstraumar i
Nordur-Atlantshafi

Austur-Graenlandsstravmurinn
East Greenlqry] Currenit

Graenland
Greenland

island
Iceland

Nordur-Atlantshafsstraumurinn
North-Atlantic Current

Arsmedalhiti  islandi

Average temperature in Iceland

1971-2000 1971-2000
Arsmedalhiti Medalhiti i joli Medalhiti i janGar Medaldrsurkoma
Yearly average July average January average Average rainfall
Lidilael 2—5°C 9—12°C -2—2°C 500—3000 mm
Lowlands
Hdlendi a0 —o° -8 —-2° —
Highlands 2—2°C 6—9°C 8—-2°C 500 —5000 mm

Loftslag og vedur d islandi

island liggur i Nordur-Atlantshafi, rétt sunnan
nordurheimskautsbaugs. Landid er @ mérkum
tveggja loftslagsbelta, tempradabeltisins og
heimskautasvaedanna og par rikir pvi kaldtemprad
Uthafsloftslag. Hlyr hafstraumur Gr sudri, Nordur-
Atlantshafsstraumurinn, veldur pvi ad loftslagid er
milt midad vid hnattstddu landsins. Arsmedalhiti
d ldglendi @ timabilinu 1971 til 2000 var d bilinu
2-5°C.

Gera parf greinarmun @ vedri, sem er sibreyti-
legt en haegt ad spd fyrir um nokkra daga fram i
timann, og loftslagi sem er nokkurs konar medal-
vedur nokkurra dratuga timabils og breytist haegt.
Maela parf vedrid i marga dratugi til pess ad geta
sagt til um loftslagsbreytingar.

Sudlaegir vindar sem flytja med sér trkomu

rdda mestu um hvar steerstu jokla landsins er ad
finna. Medaldrsirkoma er meiri en 4000-5000
mm (ad hdmarki 7000 mm) ofarlega & Vatnajékli
og Myrdalsjokli, en naer 3500 mm & Hofsjokli

og Langjokli.

Climate and weather in Iceland

Iceland lies in the North-Atlantic, just south of the
Arctic Circle. The country is at the border of two
main climate zones, polar and temperate, and the
climate can thus be classified as cold-temperate.
A warm ocean current from the south, the North-
Atlantic Current, results in a milder climate than
expected from the latitude of the country. The
average annual temperature in the lowland in
Iceland is in the range of 2-5°C.

Weather is ever-changing but can be forecast

a few days into the future, whereas climate is

the prevailing weather condition of a region

and changes more slowly. The weather must be
measured for several decades to monitor changes
in the climate.

The location of the main glaciers is controlled

by the high amounts of precipitation that are
delivered to the south coast by southerly winds.
The average annual precipitation is 4000-5000
mm (at maximum 7000 mm) in the higher
elevations of Vatnajckull and Myrdalsjckull,
whereas on Langjokull and Hofsjokull it reaches a
maximum of 3500 mm.

Arsmedalhiti i Stykkishélmi
1798-2016

Average annual temperature in Stykkishélmur
1798 - 2016

6°C

A"
— 1 WY

||
T e g

4

1859

1800 1840 1880

1920 1960 2000



HVERNIG VERPA
JOKLAR TIL?

JAFNVZEGISLINA

VIDPBROGD JOKLA
VID LOFTSLAGS-
BREYTINGUM

Joklar myndast par sem meiri snjér fellur yfir arid en brdénar
ad jafnadi ad sumrinu. Snjéaldgin hladast hvert ofan @
annad og med auknu fargi pjappast nedstu I6gin saman og
umbreytast fyrst i hjarn og sidar is. Pessi atburdards verdur
@ safnsvaedi joklanna en pegar isinn fergist undir sifellt
auknum massa tekur hann ad hniga undan eigin punga eins
og seigfljotandi vékvi eda deig og leita undan halla. Pannig
skridur jokullinn nidur fjallshlidar og dali og bradnar med
haekkandi lofthita eftir pvi sem nedar dregur.

Moérkin, sem skilja ad safnsvaedi jékulsins par sem snjér

og is hledst upp og leysingarsvaedi par sem meiri snjér og

is brddnar en baetist vid ar hvert, eru nefnd jofnvaegislina.
Haed hennar yfir sjdvarmdli er haé hita og urkomu en einnig
landslagi. Afkoma jokuls er mismunur dkomu og leysingar.
Breytingar i afkomu jokla gefa oft dreidanlegar visbendingar
um loftslagsbreytingar. Afkoma er jakvaed ef meira safnast
@ jokulinn af snjé en hann tapar vid leysingu @ snjé og is en
neikvaed ef leysingin hefur vinninginn. A vorin er vetrarsnjér
maeldur med pvi ad bora kjarna gegnum vetrarlagid og
haustin er leysingin maeld med pvi ad lesa af stikum sem
skildar eru eftir i borholunum eda boradar nidur i jokulisinn.
A haestu tindum getur safnast snjér yfir sumarmanu8ina

og nedst & jokulspordum er sums stadar leysing yfir vetrar-
madnudina. Annars stadar d jéklunum safnast ad jafnadi snjor
ad vetrarlagi en snjé og is leysir @ sumrin.

Jafnvaegislina @ sunnanverdum Vatnajékli er breytileg en vida
i um 1000-1200 m haed ¥fir sjé. | lok litlu isaldar, kuldatimabils
sem spannadi um fimm aldir frd um 1450 til 1900, var hin
liklega um 300 m laegri @ pessu svaedi. ba voru safnsvaedi
jéklanna miklu stzerri en n0 og fordaséfnunin ad sama skapi
meiri. Vegna laegri medalhita og styttri leysingartima yfir
sumarmanudina var bradnunin jafnframt minni og jéklar
gengu fram dali og nidur @ laglendi.

Vidbrégd jokla vid breytingum & loftslagi eru mismunandi
eftir staerd peirra og I6gun en flestir jéklar svara loftslags-
breytingum innan nokkurra dra med breytingum @ st66u
j6kulspordsins. Sidan getur jokullinn hopad eda gengid fram i
allmérg ar eda dratugi par til dhrif loftslagsbreytinganna eru
a8 fullu komin fram. A stuttum og bréttum jéklum geta Ghrif
loftslagsbreytinga veri® ad mestu komin fram vid jokulspord
eftir einn til tvo dratugi en daljoklar og stérir, flatir skridjoklar
eru mun lengur ad bregdast vid breytingum i loftslagi.

HOW DO
GLACIERS
FORM?

EQUILIBRIUM
LINE

Glaciers form when more snow accumulates over the year than
melts during the summer. As layers of snow accumulate, the
buried snow grains become more and more tightly packed and
are converted to firn which subsequently metamorphoses to
glacial ice as the firn recrystallizes. This process takes place in
the accumulation zone at the higher altitudes. The thick mass
of ice deforms under its own weight and flows downstream
like dough or molten metal. The ice flows downhill towards the
ablation zone where higher temperatures intensify the melting
of snow and ice and the melting exceeds the accumulation of
snow over the year.

The line that separates the accumulation and ablation zones is
called the equilibrium line. The elevation of the equilibrium line
depends on temperature, precipitation and the surrounding
landscape. If the climate conditions remained constant, neither
the equilibrium line nor the glacier margin would change.
Variations in glacier mass balance often give reliable indications
of changes in climate. The mass balance is positive if the glacier

Tilurd jokuliss

Snjéaldgin hladast hvert
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more and more tightly packed
and are converted to firn which
subsequently metamorphoses
to glacial ice as the firn
recrystallizes. Ice crystals grow
as they travel downhill and can

Jokulis
Glacial ice
0-10% loft/air

reach the size of a person's head

at the termini of some Icelandic

outlet glaciers.



Dzemigerdur skridjokull

begar jokullinn fergist undir eigin punga tekur
hann ad hniga eins og seigfljétandi vokvi eda
deig og leita undan halla frd dkomusvaedi nidur
@ leysingarsvaedid. Pannig skridur jokullinn nidur
fjallshlidar og dali og brddnar med hakkandi
lofthita eftir pvi sem nedar dregur. Sprungur

i yfirbordi myndast pegar jokullinn skridur

yfir 6j6fnur i undirlaginu eda dregst medfram
fjallshlidum.

A typical outlet glacier

The thick mass of ice deforms under its own
weight and flows downstream from the
accumulation to the ablation zone like dough or
molten metal. The ice flows downhill towards

the ablation zone where higher temperatures
intensify the melting and it exceeds accumulation
of snow over the year. Crevasses form when the
glacier flows over an uneven bed or is dragged
along the mountain sides.

Jafnvaegislina

\V

Akomusvaedi
Accumulation zone

Leysingarsvaedi
Ablation zone

Jokulsprungur
Crevasses

Berggrunnur
Bedrock

Jokulurd
Till

Endagardur
End moraine

Equilibrium line

Jadarurd
Lateral moraine

Jokula
Glacial river

Sandur
Sand plain

RESPONSE OF
GLACIERS TO
CLIMATE CHANGE

gains more than it loses. The accumulation of snow is measured
in the spring by drilling cores through the winter snowpack

and the ablation of snow and ice by measuring changes in the
height of stakes left in the boreholes or drilled into the glacier
ice. Snow can accumulate during summer at high elevations
and ablation sometimes wins over the accumulation of snow
during winter at the lowest elevations close to the termini

of the glaciers. Elsewhere on the glaciers, snow accumulates
during winter and snow and ice are removed by ablation during
summer.

The equilibrium line altitude on southeastern (se) Vatnajokull
varies from place to place, but is generally in the range of
1000-1200 m above sea level. At the end of the Little Ice Age,
a period of cooler and more variable climate from ca. 1450

to 1900 that affected most of the northern hemisphere, the
equilibrium line on se Vatnajékull was probably some 300

m lower than today. The accumulation areas of the south-
flowing outlet glaciers were thus much larger. Due to lower
temperatures and a shorter melt season, there was less
ablation and the outlet glaciers advanced down the valleys and
reached far out onto the lowland.

The response of glaciers to climate change depends on their
size and shape, but most of them react to a change in mass
balance within a few years by adjusting the position of their
snout. The glacier will then continue to retreat or advance for
many years or decades before completely adjusting to a change
in climate. Short and steep valley glaciers adjust in a decade

or two, but larger and less steep glaciers have a much longer
response time.



Horft yfir Flaajokul Gr sudri sidsumars 2007, Kverkfjsll
i baksyn, Dyngjufjoll og Herdubreid ber vid himin.
Jokulgardarnir eru einstaklega formfagrir og hafa
verid timasettir med maelingum, kortum og fra-
ségnum i ritudum heimildum. Kolgrafardalur er haegra
megin vid jokulinn og Fl&fjallid, en hann lokadist
ndnast af & hamarki litlu isaldar undir lok 19. aldar
begar jokullinn nédi lengst fram. Ari® 1880 purfti ad
faera baeinn Haukafell vid mynni Kolgrafardals til
austurs vegna dgangs jokulsins. (17.08.2006)

View towards Flaajokull from the south in late summer
2007. In the background are Kverkfjsll, Dyngjufjcll and
Herdubreid. The beautiful moraines have been dated
by measurements, maps and from written historical
sources. Kolgrafardalur valley on the right was almost
closed off at the end of the 19th century by the
advancing glacier. Around 1880 the farm Haukafell
was moved farther east to escape from the advancing
glacier. (17/08/2006)




LANDMOTUN
JOKLA

JOKULLON

LEYSINGARVATN

island er i stérum drattum métad af upphledslu jardlaga i
eldgosum og rofi peirra af véldum jékla og vatnsfalla. Land-
moétun sudurskridjokla Vatnajokuls er ekki eins stér i snidum
og moétun isaldarjoklanna en setur engu ad sidur sterkan svip
@ Sudausturland og er afar forvitnileg ad skoda og skilja.
Meédal dberandi jokulmenja eru jokulgardar, jokullon, témir
arfarvegir og ummerki jokulhlaupa. Kunndttumenn geta lesi®
i og tulkad petta joklalandslag og radid medal annars af pvi
st6du joklanna @ mismunandi timum.

Joklar og jokulvétn méta undirlagid med margvislegum heetti.
Sjalfur isinn er of mjukur til ad sverfa hardan berggrunn en
grjét og mél sem hann ber med sér vid jokulbotn grafa og
rista rdkir i undirlagid. J6kulrudningurinn, sem petta lausa efni
kallast, berst fram med joklinum og braedsluvatni, ymist undir,
i eda ofan 4 jokulisnum, veltist og mylst undan punga hans og
hledst ad lokum upp i jokulgarda framan vid spordinn.

Skridjoklar geta grafid sig bysna djipt nidur og pegar peir
hopa safnast vatn i deeldina sem peir hafa grafid og myndar
16n. Slik 16n flyta fyrir hopi jéklanna, m.a. vegna pess ad
spordar peirra fljéta upp og isjakar taka ad brotna Ur peim; pa
er sagt ad jokullinn kelfi. Staersta og virkasta I6n af pessu tagi
hérlendis er J6kulsarlén @ Breidamerkursandi. J6kulsarlén er i
raun mynnid d 200-300 m djUpri leegd sem Breidamerkurjékull
hefur grafid a drpusundum og gengur um 25 km inn i landid.

Lén hafa @ sidustu drum myndast framan vid marga jékul-
sporda, til deemis vid Svinafellsjokul og Skaftafellsjokul. Pessi
tvé 16n syna vel préun jadarléna. | fyrstu myndast nokkrar
adskildar tjarnir sem fljétt renna saman i langt og mjétt
stéduvatn milli jékulgards og jokuljadars. Lonid staekkar hratt
begar jokullinn pynnist; spordurinn flytur upp og brotnar i
marga jaka. Ad lokum getur ordid til stort stéduvatn vid pver-
hniptan spord sem jokullinn kelfir 0t i.

Vatnid sem myndast pegar jokulis og snjér bradnar safnast

i jokular sem falla til sjavar. Jokuldr bera fram fingerdan
svifaur, sand og mdl og grafa farvegi og gljufur i landié. bar
sem landslag vié jokulsporda er sibreytilegt geta jokular tekid
upp 4 pvi ad skipta um farveg og skilja pé jafnvel eftir bryr &
purru eins og sjd ma vid farveg Heinabergsvatna og vid gémlu
Skeidardrbrina sem bidur n0 érlaga sinna eftir ad Skeidard
flutti sig yfir i Gigjukvisl arid 2009.
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GLACIAL
LANDSCAPES

GLACIAL
LAGOONS

GLACIAL
MELTWATER

Icelandic geology is characterised by repeated eruptions and
glacially eroded strata. The sk outlet glaciers of Vatnajokull

ice cap have greatly influenced the landscape along the
southeast coast and created a rugged alpine mountainous
ared. Glacial landforms include moraines, glacial lakes, dry river
beds and glacial flood deposits. Scientists can interpret these
glacial landscapes and determine the extent of the glaciers at
different times.

Glaciers and glacial rivers reshape the landscape in many ways.
The ice itself is too soft to erode the bedrock, but rocks and
gravel carried in the ice carve the glacier bed, creating so-called
glacial striations. Glacial debris is carried on top of the glacier,
within the ice, and at the interface of the bedrock and ice.

The debris is finally deposited at the margin of the glacier as
moraines.

Outlet glaciers can erode over-deepened troughs, and, as they
retreat, water accumulates in the depressions evacuated by
the ice, and glacial lakes form. These lakes enhance melting, as
ice chunks break off the glacier tongue; this process is called
calving. The largest and most active glacial lake in Iceland is
Jokulsarlén on Breidamerkursandur. The Jokulsdrlén glacial lake
is the mouth of a 200-300 m deep and 25 km long trough that
the glacier has carved out.

Glacial lagoons have in recent years formed in front of many
outlet glaciers of se Vatnajokull, for example Svinafellsjokull
and Skaftafellsjokull, that illustrate the development of such
lagoons. Small pools initially form that soon merge into an
elongated lake between the glacier moraine and the terminus.
The lake grows rapidly when the front of the glacier thins,
floats up and breaks into pieces. In the end, a large lagoon may
be formed, into which the glacier calves along a steep front.

Meltwater accumulates in outlets at the snout to form glacial
rivers. Glacial rivers are loaded with debris, sand and very

fine sediments that are suspended in the water and make it
appear cloudy. This water is sometimes referred to as glacial
milk. Due to ever-changing landscapes at glacier margins,
rivers can easily change their course, leaving dry river beds and
old bridges that have outlived their use. There is, for example,
almost no water running underneath the longest bridge in
Iceland over Skeidard river as most of the river changed course
into Gigjukvisl river a few years ago.



bréun jadarléna. Svinafellsjokull med nokkur litil
adskilin jadarlén (naer) og Skaftafellsjokull med langt
og mjétt 16n milli jokulgards og jokuljadars (fjeer).
(13.09.2014)

The evolution of terminal lagoons. Svinafellsjokull outlet
glacier with several small, separate lakes (front) and
Skaftafellsjokull outlet glacier with an elongated lagoon
between the glacier moraine and the terminus (back).
(13/09/2014)
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| Hérfun Breidamerkurjokuls og
. staekkun Jokulsarléns

Breidamerkurjokull nadi lengst fram um 1890
og hofdu menn dhyggjur af pvi ad hann myndi
ganga alveg i sjé fram og loka pj6dleidinni um
Sudausturland, en pd voru adeins eftir um

250 m nidur ad strond. Vid raetur jokulsins hefur
fra drunum 1934-1935 myndast gridarstoért

18

spordlén, Jokulsarlén & Breisamerkursandi. Ari®
2015 var [6nid ordid um 8 km ad lengd og dypsta
stéduvatn landsins, 248 m. Jokulsarlon er pekkt
@ heimsvisu fyrir einstaka nattirufegurd og
hefur & skdmmum tima ordid einn helsti ferda-
mannastadur landsins.

The retreat of Breidamerkurjékull and
growth of Jokulsdrlén glacial lake

Breidamerkurjokull outlet glacier was at its
maximum in 1890. At that time people worried that
it would reach the sea and close the main route
connecting southeast and south Iceland, as the
glacier was only 250 m away from the shore. The
glacial lake at the retreating terminus began to
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form in 1934-1935. In 2015, the lake was 8 km long
and 248 m deep and had become the deepest lake
in Iceland. Jokulsdrlén glacial lake is renowned for
its beauty and one of the most popular tourist
attractions in the country.




JOKLAR 0G
LiFRIKI

LOFTSLAGS- OG
JOKLABREYT-
INGAR VID
SUNNANVERPAN
VATNAJOKUL

Sjalfsaid birki (Betula
pubescens) vex upp d pbeim
hlutum Skeidardarsands
par sem jardvegsskan og
mosi hafa myndad vaxtar-
bed og st6dvad hreyfingu
sandsins. (10.07.2013)

Birch (Betula pubescens)
colonises higher parts

of the Skeidardrsandur
outwash plain when
biological crust and
mosses have stabilised

the substrate. (10/07/2013)

Joklar hafa ekki bara dhrif @ hina daudu nétturu. | framras
ganga peir yfir gréid land og eyda lifi sem fyrir verdur, pléntum
og dyrum. begar jéklarnir hopa og pynnast kemur lifvana land
i ljos fyrir framan spordana og vié laekkandi jokuljadarinn &
jokulskerjum sem standa upp Ur jéklinum. Naest jokuljadrinum
nema 6rfaar frumherjategundir land i fyrstu en pegar fjeer
dregur fjdlgar tegundunum og lifverusamfélégin verda sifellt
fléknari. Vid hérfandi jokla er pvi einstakt taekifeeri til ad
fylgjast med landndmi lifvera og framvindu lifsamfélaga med
tima.

[ inngangi var raett um hlynun jardar af mannavéldum en
ndttorulegar loftslagsbreytingar eru lika alpekktar i jard-
ségunni. Vid landndm voru joklar mun minni en peir eru no.
Alitlu isdld (1450-1900) téku peir ad vaxa og ganga fram.
Ummerki um framgang jokla ma finna i jokulgérdum, stédu-
vatnaseti og ritudum heimildum. Saga jéklabreytinga
svaedinu frd Morsdarjokli ad Lambatungnajékli vid sunnan-
verdan Vatnajdkul hefur verid rakin 0t fré margvislegum
g6égnum og er skrdd i ritudum heimildum, enda joklarnir i
alfaraleid. Jékulgardar og adrar menjar vardveita lika fram-
vindu breytinganna. Pessir joklar eru @ hlyjasta og trkomu-
mesta svaedi landsins og bregdast hratt vié breytingum i hita
og urkomu. beir gefa pvi einstakt taekifaeri til pess ad skoda
tengsl jokla- og loftslagsbreytinga.
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GLACIERS AND
BIOTA

CHANGE IN THE
CLIMATE AND
GLACIERS AT SE
VATNAJOKULL

Melablém (Arabidopsis
petraea) nemur land i
ungu jokulskeri, Vetti i
Skeidararjokli.
(10.06.2016)

Rockcress (Arabidopsis
petraeaq) colonises a
young nunatak, Véttur
in Skeidardrjokull.
(10/06/2016)

Glaciers not only sculpture the land, they also influence the
biota. Advancing glaciers may override vegetated land and
destroy habitats of many species. When the glaciers retreat
and thin, new land emerges on nunataks (mountain tops
extending through the ice) and in front of the glacier. The
primary succession begins as the first plants colonise the newly
deglaciated areas. So-called pioneer species are established
closest to the glacier, but, farther away, an increase in the
number of species and more complex ecosystems are observed.
These areas provide a unique opportunity to follow the process
of succession and evolution of an ecosystem.

Anthropogenic climate changes were mentioned in the
introduction, but natural climate fluctuations are also well-
known. When the first settlers came to Iceland, the glaciers
were much smaller than today. They advanced during the Little
Ice Age, 1450-1900, and their former size can be traced from
glacial moraines of known age (by various dating methods),
data from lake sediments and descriptions in written historical
accounts. The history of glacier changes of southeast
Vatnajokull (from Morsdrjokull to Lambatungnajokull) has been
derived in this manner. The proximity of the st glaciers to farms
and main travel routes results in numerous contemporary
descriptions of the dynamic environment. The sk glaciers of
Vatnajokull are in the warmest and wettest area in Iceland and
respond quickly to changes in temperature and precipitation.
Hence, this area provides unique opportunities for research on
the relationship between glacier and climate change.
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Horft yfir Skalafellsjokul fra jokulgérdum (jadarurdum) View over Skdlafellsjokull outlet glacier from lateral

fra litlu iséld i Skalafellshnitu. Austan (hagra) megin moraines in Mt. Skdlafellshndta. To the east (right) is Mt.

jokuls er Hafrafell, sem lokadist af 4 litlu is6ld pbegar Hafrafell, which was enclosed in ice during the Little Ice

Heinabergsjokull og Skdlafellsjékull nadu saman. Hér Age, when Heinabergsjokull and Skdlafellsjokull merged.

hefur jokulyfirbordid laekkad um rdmlega 100 m fra At this location, the surface of the glacier has been

lokum 19. aldar. (23.08.2007) lowered by more than 100 m since the end of the 19th
century. (23/08/2007)




ishellar me8 sinn blda lit eru heillandi fyrirbaeri.
Leysingarvatn rennur vid botn jokulsins og byr til géng
upp i isinn. Formin sem sjdst i yfirbordi issins myndast
vegna misbradar i isveggnum pegar varmaskipti verda
milli iss og vatns eda lofts i idustreymi. Oskuldg, sandur
og mél, Gsamt loftbélum lokast inni i jékulisnum. Pegar
vorar og hiti haekkar eykst streymi leysingarvatns og
pa veikjast isveggirnir og geta hrunid. Auk pess geta
ordid skyndilegir vatnavextir og er pvi varasamt ad
heimsakja ishellana ad sumri til. (07.01.2017)

The blue ice caves are an attractive phenomenon.
Meltwater runs at the base of the glacier and creates
tunnels up into the ice. The undulations in the ice surface
are sculptured by turbulent flow of water and air in the
cave. Tephra, sand, gravel and air bubbles are locked
within the ice. Increased air temperature in the spring
weakens the walls and ceilings of the ice caves and they
can collapse. Flash floods along the caves during summer
can also be dangerous. (07/01/2017)




LITLA iSOLD

Fornar leidir yfir Vatna-
jokul geetu hafa legid eins
og punktalinurnar syna.
A fyrstu 8ldum byggdar
var jékullinn mun minni en
hann er no.

Possible travel routes over
the Vatnajokull ice cap in
the middle ages. Then the
Vatnajokull ice cap was
much smaller than it is
today.

Loftslag var breytilegt 4 litlu iséld og alls ekki alltaf jafn kalt. THE LITTLE
Sudurskridjoklarnir voru i mikilli framrds a 17. og 18. 61d og ICE AGE
nadu pad langt fram @ laglendid. Joklarnir hérfudu og gengu

fram litillega @ vixl naestu dratugi og aldir fram til 1890 pegar

flestir peirra nddu ségulegu hdmarki.

Skrif heimamanna, ferdalanga og fraedimanna sem 16gdu

leid sina um sveitirnar sunnan Vatnajokuls a 17., 18. og 19. 6Id
veita innsyn i pad timabil pegar joklar gengu lengst fram @
laglendid. Skrifin lysa tjoni @ nytjalandi og jafnvel husakosti af
voéldum vaxandi jokla, jékulhlaupa og sibreytilegra jokulda.

Vid framgang jéklanna 16gdust af nokkrar pjédleidir milli
byggda nordan, austan og sunnan jokuls. Daeemi um petta er
svokalladur Nordlingavegur sem Ia 0r Fljétsdal nidur i Lon
og er kenndur vid Nordlendinga sem séttu sjérédra. Talid er
ad fyrr @ 6ldum hafi einnig legid pj6dleid milli Morsardals og
Mé68rudals @ Fjéllum en sa leid var aflégd fyrir 1700.
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+Heimili Flosa". Ljoésmynd
Frederick W. W. Howell
af abvendum @ Svinafelli
arid 1891. Takid eftir Svina-
fellsjokli sem gnaefir yfir
jékulgardana i bakgrunni.
NU sést hann ekki fra
pessum stad.

"Flosi's home." A
photograph by Frederick
W. W. Howell of the
inhabitants at Svinafell
from 1891. Notice the
towering Svinafellsjokull
in the background. Today
the glacier cannot be seen
from this vantage point.

The sk outlet glaciers of Vatnajékull advanced far out onto the
lowland during the Little Ice Age, especially during the 17th and
18th centuries. In the first decades of the 19th century, they
retreated slightly and then re-advanced and around 1890 nearly
all of them had reached their maximum size in historical times.

The local accounts and the writings of naturalists and travellers
of the 17th, 18th and 19th centuries provide information about
the extent of the outlet glaciers at their most advanced
position. Additionally, historical photographs add valuable
information on glacier extent, and comparison with modern
photographs taken from the same locations illustrates the
magnitude of the pronounced changes. Descriptions of
damaged pastures, hayfields and houses due to glacial rivers
and advancing glaciers, along with difficult access to grazing
areas, are prominent in the written records.

A few historical mountain routes between farms and
settlements became impassable due to advancing glaciers
during the Little Ice Age. One of those routes, the so-called
Nordlingavegur from Fljétsdalur to Lén, was named after
farmers who lived on the north side of the ice cap but travelled
to the SE coast to fish. There is also thought to have been a
route between Morsdrdalur valley, south of the ice cap, and
M&&rudalur & Fjéllum in the northern highlands, which was
abandoned before 1700.
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Horft yfir Morsdrdal, Morsarjékul og Skaftafellsjokul.
A milli joklanna eru Skaftafellsheidi, Kristinartindar og
Skardatindur. i fjarska sést til Breidamerkurjskuls

og austur @ Hornafjord. Mikid berghlaup féll @ Morsar-
jokul i mars 2007, en pad er eitt hid steersta & islandi

i dratugi. Skridan flyst um 80-90 m med j6klinum &
hverju ari. Ost8ugar fiallshlidar vegna rofs jékulsins
og sidan minnkandi adhald vegna hérfunar hans er
liklegasta skyringin @ berghlaupinu, Gsamt veikleikum
i berggrunninum og minnkandi sifrera. A vordégum
2013 féll einnig skrida @ Svinafellsjékul. Vid hérfun

og pynningu jéklanna koma ny jékulsker (tindar

sem standa upp Ur j6klinum) i ljés og dnnur staekka.
(13.09.2014)

View towards Morsdrdalur, Morsarjokull and
Skaftafellsjokull, with Skaftafellsheidi, Kristinartindar
and Skardatindur between the outlet glaciers.
Breidamerkurjokull in the background. A large rock
avalanche fell on Morsdrjékull in March 2007, one of the
largest in Iceland for decades. It moves approximately
80-90 m per year with the glacier. Undercutting of the
mountain slope by glacial erosion and the retreat of
the glacier are the main contributing factors for the
rock avalanche, along with weaknesses in the bedrock
and thawing permafrost. A rock avalanche fell on the
neighbouring Svinafellsjckull outlet glacier in the spring
of 2013. As the glaciers retreat and thin, new nunataks
(mountain peaks within the ice) emerge and others
increase in size. (13/09/2014)




Vid horfun joklanna hafa arfarvegir tekid miklum breyt-
ingum. Heinabergsvétn renna Ur Heinabergsjokli og
voru adur fyrr mikid vatnsfall og farartdlmi. A fimmta
dratug 20. aldar var radist i pad stérvirki ad broa Heina-
bergsvétn, en skommu eftir ad broin hafdi verid tekin

i notkun, téku Heinabergsvétn ad renna i Kolgrimu og
hafa gert sidan. Bruin yfir Heinabergsvétn er pégult
vitni um erfida barattu vid jokulvétn. (16.08.2017)

Rivers may change their course as the glaciers retreat. In
the 1940s, a bridge was constructed over Heinabergsvotn
river, but shortly after its completion, the river moved
westwards and merged with the neighbouring river,
Kolgrima. The bridge still spans a dry riverbed; a silent
reminder of the difficult struggle of the inhabitants of
the region with the glacier rivers. (16/08/2017)




BREYTINGAR
FRA LOKUM
LITLU iSALDAR

HZEKKANDI
SJAVARBORPD

GLACIER
CHANGES SINCE
THE END OF THE
LITTLE ICE AGE

Upp Ur 1890 tdku flestir jéklar vid sunnanverdan Vatnajokul ad
hopa. beir hopudu hratt a fjérda og fimmta dratug 20. aldar,
en eftir pad dré Or hérfuninni fram til um 1970 pegar sumir
j6klar téku ad ganga fram & ny eda stddu i stad. Jéklarnir toku
si®dan ad horfa hratt eftir 1995. Hop sudurskridjéklanna fra
1890 til okkar daga nemur 1-6 km eftir pvi um hvada jékul er
ad reeda en pad eitt segir ekki alla séguna pvi yfirbord peirra
hefur lika laekkad mikid eda um allt ad 300 m fremst & spord-
unum. Mesta leekkun joklanna samsvarar fjérum Hallgrims-
kirkjuturnum ef gripid er til kennileitis sem allir pekkja.

i heild hafa umraeddir joklar dregist saman & ofangreindu
timabili sem nemur um 300 km?, par af Breidamerkurjékull
einn um 115 km?2. Til samanburdar naer Stér-Reykjavikursvaedid
yfir 275 km2. Ut fra leekkun yfirbords og breytingum é flatar-
mdli j6klanna er haagt ad reikna rommalstap peirra og nemur
bad alls um 130 km?3, eda 13 milljéréum vérubilshlassa af is
ef hver peirra tekur 10 m3! Samsvarandi vatnsmagn haekkar
heimsh&fin um 0,33 mm. RUmmadlstap jéklanna nemur
15-50% frd 1890, en ryrnun einstakra jokla er hdd staerd safn-
svaedis peirra midad vid leysingarsvaedid, halla undirlagsins og
pvi hvort 16n hafi myndast framan vié pd. Sidan um aldamétin
2000 hefur ryrnun sudurskridjéklanna verid afar hr6d og med
bvi mesta & flatarmalseiningu sem maelst hefur i heiminum &
pessu timabili.

SEA LEVEL RISE
islensku joklarnir geyma alls 3600 km? af is sem samsvarar
1 cm haekkun sjavarbords. Til pess ad setja pessar télur i
steerra samhengi md nefna ad Graenlandsjokull hefur 4 sié-
ustu drum tapad um helmingi meiri is & hverju dri en sudur-
skridjoklar Vatnajékuls & 120 dra timabili fra lokum litlu isald-
ar og haekkad sjavarbord heimshafanna um meira en 0,6 mm
ar hvert. Ryrnun jékla, einkum d Sudurskautslandinu og
Graenlandi, er einhver veigamesta orsék hakkandi sjavarbords
heimshafanna sem n0 ris um 3-4 mm @ dri ad medaltali.

32

After 1890, most Sk outlet glaciers of Vatnajokull started
retreating. They receded fast in the 1930s and 1940s, and
continued retreating, albeit more slowly, until the 1960s, after
which the rate of retreat slowed further, and in the 1970s and
1980s some of the glaciers re-advanced or remained stationary.
Since the year 1995, the outlet glaciers have retreated very
fast.

The glaciers have retreated 1-6 km, depending on location,
since the end of the Little Ice Age. Since the year 2000, the
outlet glaciers have retreated very fast, and their mass loss per
unit area is among the highest in the world.

These outlet glaciers have lost an area of 300 km? since the
end of the Little Ice Age; for comparison, the Reykjavik capital
region covers an area of 275 km? The ice volume lost since
the end of the Little Ice Age can be calculated from maps of
the surface lowering and the reduction in area of the glaciers,
which amounts to 130 km? of ice, equal to 13 billion truckloads
of ice, given that each truck holds 10 m3! This amount of ice
corresponds to a 0.33 mm rise in global sea level. Individual
outlet glaciers have lost 15-50% of their ice volume in this
period, depending on the size of their accumulation areaq,
bedslope and whether they terminate in a glacial lake.

Icelandic ice caps contain 3600 km?3 of ice, which if melted
would raise the sea level by 1 cm. To put this into context,

the Greenland Ice Sheet has in recent years lost double the
amount of ice annually that the st outlet glaciers of Vatnajokull
have lost in total since ca. 1890. Each year the melting of the
Greenland Ice Sheet contributes 0.6 mm to the rise in global
sed level. Meltwater from glaciers in Antarctica and Greenland
is the main cause of global sea level rise, which currently
amounts to 3—-4 mm per year on average.
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Syn til Kotdrjokuls ur Oraefajokli af fiallinu Slégu. Efri
myndina ték Olafur Magnusson ljgsmyndari liklega um
1925. Nedri myndina ték Aron Reynisson ljésmyndari
sumarid 2012 frd sama stad.

Kotdrjokull, a small outlet glacier of Oraefajékull,
viewed from Mt. Slaga. The upper photo was taken
by photographer Olafur Magnisson, probably in 1925.
Photographer Aron Reynisson visited the same spot in
the summer of 2012.
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Stada skridjokla Oraefajskuls og nagrennis The extent of the outlet glaciers of
hans @ mismunandi timum Orzefajokull at different times
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Préun Skalafellsjokuls, Heinabergsjokuls og Development of Skdlafellsjékull, Heinabergsjokull

Flaajokuls fra lokum litlu isaldar i kringum 1890 and Flaajokull outlet glaciers since the end of the
til 2010 Little Ice Age around 1890 until 2010

Skalafellsjckull Heinabergsjokull Fldajokull
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Langsnid Heinabergsjokuls og Skaftafellsjokuls
sem syna pynningu joklanna fra pvi ad peir voru

mestir um 1890

Haed jafnvaegislinu i kringum 1890 og eftir
2000 er synd @ myndinni

Heinabergsjokull

metrar yfir sjavarmali
metres above sea level

2000

2010
1989
1946
1890

Longitudinal profiles of Heinabergsjokull and
Skaftafellsjokull showing their surface lowering
since their maximum extent in ca. 1890

The equilibrium line altitude around 1890 and
after 2000 is shown
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An ice dammed lake in Vedurdrdalur valley east of
Breidamerkurjokull. Considerable jokulhlaups (glacier
outburst flood) previously originated in the lake but water
constantly drains below the glacier at present after the
glacier damming the lake became thinner. (13/09/2014)

par sem jokulhlaup attu adur upptdk en vid pynningu
jokulsins rennur nG jafnhardan or I6ninu undir jékulinn.
(13.09.2014)




FLEIRI
AFLEIDINGAR
JOKLABREYTINGA

Auk ddurnefndrar landmétunar hafa breytingar & joklum CONSEQUENCES
og pelaurdum margvislegar afleidingar. Nefna ma skriduféll OF GLACIER
sem verda Ur fjallshlidum pegar sifreri fer Ur jordu, skridjoklar CHANGE

bynnast og hérfa og adhald peirra minnkar. A sidastlidnum
arum hafa miklar skridur eda berghlaup fallid @ Morsarjokul
og Svinafellsjokul. Haetta er d ad hrun ofan i j6kullén framan
vid hopandi jokla valdi skyndilegum fl68bylgjum sem geta
6gnad félki og mannvirkjum.

begar joklar pynnast minnkar fargid & jardskorpuna og landid
ris. Landris er mest naest jokuljadrinum og @ jékulskerjum en
minna fjeer honum, t.d. um 40 mm/dri @ maelistdd i Jékul-
heimum vid vesturjadar Vatnajékuls en um 15 mm/ari & H6fn i
Hornafirdi. Ovissa er um framtid siglinga um Hornafjardarés
vegna landrissins, en haekkandi sjGvarbord af véldum hlynandi
loftslags og brddnunar jokla vegur ad vissu marki @ méti
risinu. Einnig er talid ad farglétting vegna brddnunar joékla érvi
kvikuframleidslu sem getur leitt til aukinnar gosvirkni. Pessara
ahrifa geetir jafnvel n0 pegar i aukinni virkni eldsté8va undir
Vatnajokli.

Med horfun jokulsporda og myndun Ié6na framan vié pa
versnar adgengi fotgangandi manna ad skridjoklum landsins
og par @ medal malingamanna Jéklarannséknafélagsins sem
maela horfun jéklanna ar hvert. Aftur @ méti aukast mégu-
leikar @ batasiglingum @ jokullénum eins og deemin sanna vid
Jokulsarlon og Fjallsarlon.
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As the outlet glaciers retreat and thin and permafrost melts,
mountain slopes become unstable and landslides and rock
avalanches are triggered. Landslides have fallen on Morsarjokull
and Svinafellsjokull glaciers in the last decade. Landslides into
glacial lakes can trigger sudden flood waves or tsunamis that
pose a hazard to people and public infrastructure.

As Vatnajokull ice cap thins and retreats, the underlying crust
rebounds at an accelerating rate. The rate of uplift is highest
closest to the glacier margin where the greatest mass loss
takes place. Measurements indicate an uplift rate of 40 mm
per year at Jokulheimar at the western margin of the ice cap,
compared to 15 mm per year at H6fn in Hornafjérdur to the
southeast of the glacier. The future of shipping through the
inlet of Hornafjardarés is uncertain due to the rapid uplift in
this area. However, rising sea level due to warming climate
and melting glaciers counteracts that process to some degree.
Additionally, the removal of surface ice load as the glaciers
retreat can lead to enhanced magma generation and increased
volcanic activity.

As the outlet glaciers continue to retreat, access for guided
glacier walks becomes increasingly difficult at some locations
- as it also does for the volunteers of the Iceland Glaciological
Society who measure the retreat! On the other hand, increased
opportunities for boat tours on the glacial lakes may become
available.
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Breidamerkurjokull kelfir st6dugt i Jokulsarlon.
Stérir og smair isjakar berast til sjavar med Utfallinu
og skolast & land i fjrunni vié 6s Jokulsar. Jakarnir
vekja mikla athygli og eru einstakt myndefhni.
(20.01.2015)

Pieces of ice calve from the terminus of Breidamerkur-
jokull into Jokulsarlén and are carried to the sea. They
are fascinating to watch and photograph where they
wash up on the beach by the mouth of Jékulsd river.
(20/01/2015)




FRAMTIPIN

Loftslagsspdr gera rad fyrir ad vedurfar é islandi hlyni um
u.p.b. 2°C & yfirstandandi 6ld og ad jafnvel hlyni enn meira @
naestu 6ld par 4 eftir.

Joklalikén benda til pess ad innan 200 dra verdi Vatnajokull
horfinn ad mestu; adeins joklar & hastu fjsllum, Oraefajokli og
Bardarbungu, og 4 fjalllendinu milli Grimsvatna, Barédarbungu
og Kverkfjalla. Vatnajékull gaeti misst um 25% af noverandi
rommali & naestu 50 drum. Samhlida mun afrennsli af joklin-
um aukast og haldast umtalsvert meira en pad er n0 par til
vatnsfordabur jokulsins hefur teemst ad mestu.

THE FUTURE

It has been estimated that annual mean temperatures in
Iceland will increase by ca. 2°C during the 21st century, and that
the climate may continue to warm during the following century.

Glacier models indicate that after 200 years there will only be
small ice caps on the highest mountains of Vatnajékull, i.e. on
Oraefajokull and Bardarbunga, and on the highlands between
Grimsvotn, Bardarbunga and the Kverkfjoll mountains.
Vatnajokull could lose ca. 25% of its current volume within the
next fifty years. Simultaneously, the runoff from the ice cap
will increase and remain higher than today well into the 22nd
century, until the ice reservoir has been substantially depleted.
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Perspective view of the ice-capped
Oraefajokull stratovolcano from the
southwest. The maximum ice thickness in
the top caldera is ca. 540 m.

Oraefajokull ur sudvestri. Mesta pykkt
jokuliss i 6skjunni er um 540 m.
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Radio-echo sounding measurements

of the Institute of Earth Sciences at

the University of Iceland during the

last decades have lifted the ice cap and
uncovered Iceland's largest volcano.
Perspective view of Oraefajokull
stratovolcano showing the bedrock map
with large depressions filled with lakes.

issjarmaelingar Jardvisindastofnunar
haskoélans a sidastlidnum dratugum hafa
lyft hulunni of staersta eldfjalli islands.
Hér sést Oraefajokull Ur sudvestri dn
jokulhettunnar dsamt stéduvétnum i
steerstu laegdum.
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| kéInandi loftslagi ry8jast joklar fram, grafa djipa
dali og eyda grénu landi. Pegar hlynar hopa peir og
skilja eftir sig urdir, votn og sanda sem smdm saman
glaedast lifi a ny.

A Sudausturlandi horfa skridjoklar Vatnajokuls no
hratt og md lita é svadid sem lifandi kennslustofu i
loftslags- og joklabreytingum.

In a cooling climate, glaciers advance, carve out
deep valleys and destroy vegetated land. As climate
warms, the glaciers retreat and leave behind gravel,
lakes and barren forefields that are slowly colonised
by life again.

The southeast outlet glaciers of Vatnajokull are
retreating fast, and the area is a natural laboratory
for studying climate and glacier changes.

| I” ”Il || I Hérfandi joklar Melting glaciers
Lifandi kennslustofa i A natural laboratory to
321
e

97789935934 loftslagsbreytingum study climate change

o R TN o
] (7 et

e

.

G R e L Wy - A
ARCRIG - AL %






