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2020was once again a warm year in the ArctWWhile temperatures were
close to normal in the western Arctic and in Greenland in particular, it was
unusually warm in the eastern region of the Arctic and especially in Mert

ern Siberia.

It was a warm year in the Arctic, but there were huge regional differees In an otherwise
more or less normal year, the last of the ice shelves, which otherwise floats on the sea but is
connected to a glacier in Canada, collapsé&dirther to the east, it was much warmer, and the
Svalbard island group saw recotugh temperaures. Furthermore, high temperaturesn Sibe-
ria predominated throughout almost the entire year, which led to numerous forest firekhe
extent of the Arctic sea ice was very low againd82Q And although nooverall record was set
new monthly records for lowcoverageof sea ice were set in both July and @ber.

In spite of notable temperature extremes in
large parts of the Arctic, the season in Qnee
land in 2@9/2020 was relatively normal in
terms of thesurface mass bBanceof the Ice
Sheet However, cahing of icebergsfrom
outlet glaciers waslargein canparison with
the sdellite obsevations thatare available
sincel979.

During the firstll nonths 0f202Q the ea$
ern Arctic sbod out as a region with extreme
and sustained temperatur@nomales com-
paredto the longterm aveage. This apple
to both the state ofea ice anghermafrostas
well astemperatures and willfires. As an
example, Figure 1 shows the temperature
anomales from the 19812010 mean in the
ERA reanalyss for November 2020

During thewinter of 2019/202Q the state of
the weather wasdefinedby a powerfulpos-
tive phase of the saalled ArcticOscilktion,
which is an expression of the variation in the
air pressure north of the 20\

Thismears that large parts of Europe, most
of northern Asia and nortleastern Sikeria

had temperatures well above &erage In
Alaska on the other hand, tempetures
were somewhatbelow aveage. Tlse pd-
terns dominated the majority of the sson

During the course 0202Q there have been
many forest fires inthe Arctic — however,
with major regional differences The area
north of the Arctic Circle saw the Hhigst
number of foest firesin 18 years, measured
in terms of thermal radiation an€€Q emis-
sion

Most forest fires were concentrated in the
easternpart of Arctic Sikeria, which was also
drier than norméa

Regional eports from easternSikeria ind-
cate that the season for forest fires began
earlier than normal and that the season also
came to a close later in some regiofesading

to longterm damage to ecosystemin can-
trast, significantly fewer forest fires than
normal were reportedin Alaska, Yukomand
northwest Sikeria.
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Figure 1: Temperatue anomales in theERAS reanalysfor parts of the northerrhemisphere Colours
Anomales expressed as standard deviations from 1881-2010 mean Hatched:temperatue anomales
from this mean value greater thas?C Double hatchedanomaies greater tharl0°C.

From Januaryonwards a largepart of Arctic
Siberiaexhibited temperature anomalies of

at least3°Ccompared to the gerage 1981
2010 Central coastal aeas had tenperature
anomales of more than5°Cin relation to
average vhies. North of the Actic Circle,a
new temperature ecord was set in
Verkhoyanskwhere thetemperature peaked

at 38°Con 20 June2020during a prolonged
heatwave Elsewhere in theArctic, very high
temperatures were also meared. The
warm condtions culminated in Nvember,
when temperature anomales of more than
10°Cwere observed in the s#Hon of the
Laptev Sea off the coast of the area of land
which had the greatest tempeature anona-
lies The extent of the sea ice was especially

low along the Siberian coastlin@nd the
Northeast Pasage was icefree from July
through to Otober. The high tenperatures
were not limited to dry land howvever. A
“marine heatwavé affected large areas of
the Arctic Ocean noth of Europe and Ask
(see Hgure 1). In Greenland the Ice Sheet
lost around152 gigabnnes (Gt) of ice when
both melting from the surface and calving of
icebergs from glaciers (the total massl-ba
ance) are taken into accourithis means that
the Ice Sheet is continuing to lose iealt-
hough at a slower rate than was the case in
2019. One gigatonne is one billion tonnes,
which corespond to one cubic khmetre of
ice.

In the following, we will look at the most importantesults monitored in theArcticin 2020

2020—ayear with an average degree of
melting of thelce Sheet

Limited masgossfrom calving of icebergs
Mass bss inthe west; limited growth on
the eastern part of the Ice Sheet

Ice Sheet whiter than in previous years
Secondowest sea iceninimumin 40
years;records setin July and Gober.



2020¢ ayear with an average degree of melting of the Ice Sheet

Changes to the mass o form& dadyesmulaiond ohiew nucheice h e e t
reflect the combined effects of the surface water the Ice Sheet accumulates (through
mass balanc¢SMB) which is defined as the  snowfall) or loses (through ruoff). Based on

difference between snowfall and ruoff these simulations, an overall measurement
from the Ice Sheetand which is always pibs of how the surface mass balance develops
tive over the coursef a year, and the lossf across the entire Ice Sheet is obtainéelg.

mass at the coast as a result of calving of 2). At the end of the seasor{31 August
icebergs and melting of glacier tongues that 2020,t he surf ace mass bal anc
meet the sea was 349 Gt. This is very close to th&981-
2020average, which i841 Gt.As a point of
The surface mass balance, which is an e reference, the lowest calculatedMB was
pression of the isolated growth and melting just38 Gth2012.
of the surface of the Ice Sheet, is monitored
via actual measurement$PROMICE statisn
from GEUSENnd canputer simulations The
Danish Meteorological Institute (DMI) pe

Surface masbalance

Surface mass balantgan expression of the isolated growth and melting of the surface of
the Ice Sheet. Precipitation contributes to an increase of the mass of the Ice Sheet, whil
melting causes the Ice Sheet to lose mésselation to the total mass balance, the surface
mass balance says something about the contributiothe surface of the Ice Sheet.e.
excludingwhatis lost when glaciers calve icebergs and melt as they meet the warm se
water. Since the 1990s, the surface mass balance has generally beerndecli
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Figure 2: Elemensin the totalmassbalance2 ¥ DNB Sy f | OB6QGER20. Bu@ Surfdcén&sSbal-
ance (SMB)XGreen Loss of ice in the form of kéng of icebergs and nelting. Red Totalmassbalance (TMB

=surfacemassbalanceless loss of iclue + green).

Figue 2 shows time series of surface mass
balance, loss of ice anbtal massbalance,
which is the sum of thdirst two. There is a
very largevariation fom one year to the next
in SMB but a much smallewariationin loss
of ice from melting and calving of icebergs

The total loss of ice amounts #2261 Gt for
the period April 2002until August 2019This
guantity of ice can be compared against the
measurements from theGRACE satellge
GRACEand its successdsRACEO(GRACE
Follow-On), measure the small changes in
the gravitational feld that are the result of
changes in quantities of ic@&his prwides an
independent measure of the total masslb
ance.Thi s data shows
Sheet lost around4200 Gtice from April
2002 until August 2019 This loss has oe
tributed to a rise in sea level of arouddcm
which is consistent with the calculated mass
balance fromSMBand melting

The201920 melting season on the Ice Sheet
began on22 June, which is 10 days later than
the meandate for the periodl981-2020.The
onset of the melting seasos defined as the
first of three days in which there is contin
ous melting on more thab % of the area of
the Ice SheetAs in previous yearthere was

a loss along the west coast of Greenland and
growth along the east coast. In the middle of
August a number of unusuall severe storms
resulted in four times as much precipitation
as normally falls in one month in West
Greenland. This precipitation fell primarily as
snow. This meant a temporary halt in the net
loss of icewhich was crucial in terms ofer
ducing thedegreeof melting Thissituation

t hwaas ve@r differant o ntltk’ pseviousc wear,

201819, which had long periods of high
pressure and sunshine, which resulted in a
marked increase in the degree of melting in
the summer
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Figure 3: The graph shows on a daily basis how great a percentage of the total area of the Ice Sheet has seen
melting, defined asminimum 1 mmmeltingat the surfaceThe blue line indicates the degree of melting in

2020, whilst the dark grey curve shows the mean value foptiéod 19812010 The light grey band shows

the differences from year to year, although the highest and lowest daily valuetseaoeidted As can be

seen, the blue line remains above the mean value throughout almost the entire season, although within the
maximum values obserdearlier.

Observations from laost all of the 18 negativeanomales, i.e. relatively lowabla-
PROMICEve at her stati ons tom witd rthe excépion of' tlse north of
Ice Sheetindicated that net ablation was Greenland All ablation observatiors lie
very close to average for the perii2D08 within a standard deviation from the mean

2020.The majority of locations experienced

Greenland ice ablation 2020 (1981-2010 reference) Greenland ice ablation 2020 (2008-2020 reference)
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Figure 4: The mapshow the net meltinggnomalesfor 2020at the lowlying PROMICReather stations
seen in relation to thperiods20082020(left) and 1981-2010 (ight) according tovan As et al. (2016).
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Melting from the Ice Sheet is also measured
directly at selected locations under the
PROMICEroject. Observations at the maje

ity of the 18 weather stations under the
PROMICE proge revealed a net loss of ice
and snow that was close to average for the
period 2M8-2020. This data is consistent
with the observedtemperatures. The sun-
mer temperatures in June, July andufyust
were all withn a seindad deviation of the
mean temperatures during the perio2008&
2020. Of all the measurements during the
period &nuary-August 2020 20 % of the
monthly temperatures were more thanone
standarddeviation below average, whil3t%
were more than one standard deviation
above average of the period 20082020.
Compared to the eriod 19812010 the
temperatures for June, July and August were
only above average at theveather stations
at Kronprins Christian Land (KPC), Pituffik
(THU) SC@ndKAN

Figure 5: Themap shows the position of the sme
line at the end of the melting season, i.e. at higher
elevations it is snowyhilst further down it is bare
ice. The graph shows how large the area of bare
ice is.The area of ice i2020 is greater than the
average for2000-2020.

Limited mass loss from calving of icebergs

Greenl and’ s
marine terminating glaciers run out into the
sea. If there is a state of equilibrium, the
calving of icebergs and the flow of iceot
wards the sea are in balanc&ach year,
changes in the area of the 47 broadest
Greenlandic tidal glacier fronts are surveyed
when they reach the end of their melting
seasonThis is carried out by means of opt
cal satellie images according tAndersen et
al. (2019,updated) The change in area in
2019/2020amounted to a net loss of area of

| c ewheBitse e t 554 &re emnpared ® sn average annual

loss 0f99.5 kn for these glaciers sinck999
(Figue 6a). Of the 47 ghciers that were
measured during the course @&019/2020
(Figue 6b), 20retreated, 12 increasedand
15 were stable withint 0.2 knt. These fj-
ures should be viewed in the context of the
much higher loss of area and almost record
high melting year i2018/2019,when only 6
glaciersincreased 29 retreated andl?2 re-
mainedstable.
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Figures6 a& b: The graph shows the total change in are& off the largest outlet glaciers iBreenland. It
shows that sinc@019these glaciers have lost an area5&t4 km?.

PROMICHElso assesses iceberg production to 484503 Gt r yea. During the 2018

based on data fromthe SentinellA and 2019 season the loss was slightly higher,
SentinallB satellites. The satellites thus reaching497 Gton 31 August 2019 Most
measure the speed of the marine termina areas have seen reasonably stable losses
ing glaciers along the edge of the .iBased over the last 10 yeardNorthwest Greenland
on this speed, the amount of ice that is has seen a constant rise in loss of ice of
calved into the sea can be calculat€the around21 %during theperiod 19982018

average loss of ice from calving wa9 Gt
during the period1981-2010. During the
period 20052018the average loss had risen
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Figure 7: Time series of calvin§ N2 Y D N8 $hediTyeRI@s show when the observations were
made(limited to > 50%cove). The stepped orange line shows the annual ave(hgéted tothree or more
observatiors per yea).



Massloss in the west; limited growth orthe easternpart of the Ice Sheet

TheGRACREatellitesand their successors, value per year during the period January
GRACEQ measure siallchanges in the 2017 until December@9based on data

E a r gravitagonal field, such that changes fromthe Sntinel-3A satdlite. Sentineland
in the mass of the Ice Sheet can be dete its predecessoICryosat?, are secalled a-
mined Following exhaustive scrutiny and dar altimeter missios. The satellite emits a

quality control, it has been determined that radar signalhich is reflectedrom the su-
GRACEBNndGRACHOare consistent during face of the Eartback up to the satellitet

the period in which there was no daand- can be clearly seen that closerttany of the
2017until mid-2018).The time series is now large glaciers the Ice Sheet has become-co
available until the end of Agust 2019whilst siderably thinner, but large areas are also

the latest measurements are beinggr observed in which the ice has become thicker
cessed and are not yet available due to snowfall

The map irFigue 8illustrates the changes in
the thickness of the Ice Sheet as an average

_Thickening Figure 8: The map shows elevation
20 changes per year based &ent-
nel3A data fom &nualty 2017
until December 2019.
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Ice Sheet whiter than in previous years

The wnter at the beginning of the Gree
landic annual cyclen 201920 (1 September
— 31 August)was slightly drier thamormal,
although not characterised byalmost ro
precipitation, as was the case201819.

Thelce Sheet began its melting seasonaih
June, which is around 10 days later than
average Fesh snow at the end of May and
beginning of June delayed the onset of the
melting season, in contrast to the higted
gree of melting at the same time last year

Jul was a relatively warm and sunny mbnt
in Greenland, and the areas that exper
enced meltinghad high—though not record
high—melting figures

As mentioned earlier, several unusuallg- s
vere storman the middle of Augustesulted

in four times as much precipitation than
normally falls ira month in West Greenland
This precipitation fell primarily as snow,
which temporarily halted the net loss of ice
These storms probably played a crucial role
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in reducing melting Fesh newfallen snow
is light and white and reflects more energy
rich surlight than old and darker snow and
bare glacier ice that hasndergonea sun-
mer with a high degree of melting

These correlations are highlighted on the
maps inFigue 9. The maps illustrate the
albedqg which is a measure of how well the
surface reflectsunlight. The map on the left
shows the #hedo in August 2020whilst the
map on the right shows the albedo iruA
gust 2019.Eachmap is compared to the
average for the period200009. The blue
colour indcates a higher than averaggbe-
do, i.e.the reflection of sunlight in 202@vas
higher than averageConversely, the red
colour indicates a reflection of sunligheb
low avaage in2019 The dbedo anomales

in June were minor, with the exception of an
intense darkanomal across theHumbolt
glacier in the mrthwest The greatest d-
gree of melting occurred in July, where the
albedoanomay was dark acroswiost of the
Ice Sheet
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Figue 9: The maps
show the albedo for
2020 (eft) and 2019
(right) respectively in
the middle of August
compared to the ave
age for the period
200009. The colours
indicate that on ave
age the Ice Sheeter
flected more sunlight
in 2020than in2019.



Permafrost

Due to COVIBL9 related restiitions, it was
not possible to conduct the planned visits to
the permafrost monitoring stations in 2020

Soil temperature data for the 2019/2020
season will be made available in thel&
P o r t2@21 SasonReport.

Secondowest sea iceminimum in 40 yearsc records setin July andOdober

When thetemperaturein the Central Arctic

rises abovdreezing point, the sea ice begins
its melting seasonThis occurred oril June

2020 which is just around the point in time
that is
Thisis an expression of the average onset of
the sea ice’
average for the last3-15years

During the course of the year there were
large variations in the extent of sea iCEhis
was due in particular to unusually early mel
ing and late freezing at the far end of the
Arctic. The extent of the sea icevas thus
smaller than ever before in p&il, July and
Octoberin relation to these months in prév
ous years

As outlined above, ivas warm in larg@arts
of the Arctic in2020. The Arctic sea ice
reachedits annual minimum extent on 5L
Sptember, which isfive days later than the
average datdor 1981-2010 (10S=ptember).
The sea ice thus also begam refreeze a
little later than normal, and was further
dered by the fact that the water temperature
around the ice was stik-4 degrees warmer
than normal, just like i2019.

The ice masdell to just below 4.3 million
km?. This is the second lowest value since
observations began i6979. h July and ©
tober new record minimums were observed
for these months The extent of the ice in
2020is thus definitively lower than i2007,
2016 and 2019, which to date have shared

10

the position for the second lowest level since
observations began at the end of ti97Cs.

The lowminimum extent of the sea ice in

nowt hef @i we th 03080has &ly beenexceededn 2012, which

still has therecord of the smallest &tent of

s me lotan n g sed iecaessored sodan \Wihem theemating of

sea ice near the North Pole began in the
middle of July, there are no sigrs that rec-
ords would be set ding the course of the
summer. Havever, the he&wave in Siberia
melted so much ice that the Ndreast Pa-
sage emained open

Normaly, ice melts at the North Pole at a
rate corresponding to twice théand area of
Denmark per day in the middle of JulyHaw-
ever, the daily melting rate in July this year
was almost three times the area of Denmark.
The sea areas north of Siberiexpeienced
the greatest loss of ice

Spring2020saw a significantly loweextent

of ice than nomal, with extremely large
gquantities of ice melting during the summer.
As a result, July hit a historiminimum for
the seasonFurthermore, at the beginning of
September the melting rate for the season
was also historically higlea ice is important
in terms of the climate because it is light and
thus has a high albeddhe smaller the
tent of sea ice, the larger the dark waterrsu
faces in the Arctic will be that absorb solar
energy and thereby contribute to further
melting of he ice The late shift from thaw to
frost, combined with the smaller extent, has



meant once again in 202that the Sun has robust

been able to heat up the water surrounding

the ice, with the temperature of the surface The ©mbination of a smaller extent and
water at many placesn the Arcticup to 4°C thinner ice has also led to more th&® % of
warmer than normal for the time of year the volume of the Arctic sea ice disappearing
This has the effect adriving a vicious circle during the last40-50 years The trend b-

When the coverage of ice ievler, the sa- wards less and less sea ican be seerin
water is heated up to a greater extent. tangible terms by the fact that certain e-
Warmer surface watelleads to greater met- gions of the Barents Sea and the Davis Strait
ing ofthe iceanddelays the onset ofefreez- now have open water seasons that are four

ing in the autumn because the warm water months longer than at the beginning of the
has to be cooled dowbefore it can freeze 1980s

Whenthe ice freezes later, it cannot acquire

the same thickness as it woubhdve dondf it

had had more time. This makes the ice less

dep=-1D-2020 F Arctic Sea ico Extent
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Figure 10: DMI'sgraph of the extent of the sea ice from Jp&mber2020 which was the date of the
aSlaz2yQa f 2¢SaiThénap By giapHcd redesdnBtg aledaseEMETSAT's DS
SAFde oncentrationcalculations and illustrate the extent of se@as that have more thah5 % te cover
Graphics fromPolar Portal
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CRAPHIC: Software adapted from Zachary Laben’ Gatob
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Figure 11: The figure shows how low extextf the sea ice in the Arctic are ranked month by month and

year sincel979. The figures in the boxes indicate the extent of the sea ice ranked from the

bottom

(www.ocean.dmi.dk The extent of the sea ice is calculated on the bastata from OSI SAF (OSI 450),
temporary climate dataregistation ICDR, OSI30-b and a NearRealTime (NRT) prodti The monthly

recordhigh melting values are showntied.

Extent of the Arctic sea ice

The extent of the Arctic sea ice is analysed by both the AmeN&BC and the Europead-E
METSA¥F and thus in turn by DMI. Both centres use the same satellite data, but they treat

noise over open water and along the edges of the ice slightly differently. This means that fhe

graphs for the extent of the sea ice are mpiite identical. The European figures are compile
via data from DMI researchers and are published in The Cryosphere scientific.journal

Observatios of the extent of the sea ice reveal that the area of the Arctic summer ice has
en annually by aaverage of approx.48000 knfsince the end of the 1970%his corresponds
to more than twice .Denmark’s tot al | and

fal

ar ea

12


http://www.ocean.dmi.dk/

