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Foreword

Global warming cause climate change all over the World and scientific
research shows that the foremost changes will happen in the Arctic. This
report showshat the impacts of global warming will not only lead to
dramatic changes in Greenlandés nat
very nature of Greenlandds social s

The good news is that the warmer climate will have a definite positive
impactonGr eenl andds economic possibili:t
Transport between smaller settlements and towns will become easier, oil
exploitation will become less expensive and difficult, cod fishing will
become a definite possibility and the overall developmemwditds a
sustainable economy with the possibility of full sovereignty will become
attainable much sooner. The Greenland cold water shrimp will migrate to
the North and so will the Arctic snow crab. But as there are more people
employed in the cod fishingastry than in either the shrimp or crab
industry this will lead to a better economy for local people. Farmers in the
south west of Greenland will experience longer summers and less severe
winters.

The bad news is that Greenland will experience a drameatiction of

two very important elements of naturendeed some elements that are
almost symbolic to Greenland: The polar bear and the ringed seal. Both
species will migrate to the North and within the next 50 years the polar
bear will probably only bedund in the very Northwest corner of
Greenland. Together with the population in the North East Canadian
Archipelago this Greenland population will be the last polar bears in the
wild. That is the conclusion of a research study done after this report was
finished. The polar bear will in the future be a special responsibility for
Greenland. Other species will suffer: The musk ox and reindeer will have
problems surviving extreme weather conditions with alternating thaw and
freeze periods during the wintertinlehe same problems will also have a
negative effect on the lemming population in North East Greenland. And
as the lemmings are the stable diet of a number of predators like the
Arctic wolf, Arctic fox and snow owl this will have a negative impact on
thesespecies.

Other species will thrive and new species will migrate to Greenland. But

the changes in the composition of species in Greenland will have a
negative impact on the traditional hunting based culture in the smaller
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settlements. Not least the disappnce of the abundance of ringed seals
will mean a much faster fading out of the traditional hunter culture in
Greenland.

All these dramatic changes will mean serious challenges to the

management of Greenlandds natural resources.

WWF*, Greenland has so far been unable to meet these challenges and
there is no sign that the challenges will be easer to meet in the future.

In this report we have included some recommendations on how to meet
the challenges of nature and nature resourcegement under the new
regime of climate change in Greenland. It is our hope that the decision
makers in Greenland will receive the recommendations in the spirit in
which they are written: As an inspiration.

We would like to draw the attention to the ftwat even if global

warming might make life easier for the majority of people in Greenland,
the same cannot be said about most other areas on Earth. Particularly in
some of the poorest countries global warming will strike hundreds of
millions of people wi flooding, droughts, loss of drinking water,
starvation and other calamities.

Kim Carstensen
CEO, WWF Denmark

*Greenl andés International Obligations, 2003,
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Summary

It is a fact that the climate is changing all over the planet and thatlthe effects w

be much greater in the Arctiantiegpatechanges in climate halle

consequences stretchingnost aspects of life in Greenland from construction
and resource use to health and safety. This report describes these possible
positive and negativasequences and gives recommendations to where it is
most needed to concentrate the effort.

The fishing indusgthe most important industry in Gredrilasdany

climate change driven variations in fish stocks may affect fish export, which wil
agan have a significant impact on the economy of Greenland. It is considered
likely that in the future cotharidaseyxhereas the shrimp stock is expected to
decrease over the next years. A continued intensive shrimp fishery might
suppress the reappeagaviche cod due to largedtghes of young cod
Greenlandalibut is not expected to be influenced, while the warneer climate
expected toave a negative impact on the crab stocks.

In general, the milder climate is believed to benefit moataridHedioa in
Greenland, although several species and ecgaysitartesly in the High
Arctianay come und=nsiderable pressure. It may bring alterations such as
changes in distribution and availability of the presently exploited species. The
vulneability of all species to climate changes is also influenced by pollution,
hunting pressure, pfeydge availability etc. Populations, which are already
threatened by other factoch as ovexploitation, are much more vulnerable to
the effects of ciita changes.The total econeffeict of a decrease in seal and
polar bear hunt is insignificant.

The number of tourists in Greenland is rising as are the number of persons
employed by the indu3timg majority of tourists@igenland in the

summertienand with climate change an earlier thaw in the spring and later sno\
and ice formationthe autumn is projected, which extends the season. On the
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other hand, in the last couple ofthieegisave been incidents where cruise

ship tourists were disatpdiand complained because they did not have the
AArcti c expereigdrantteepackibteey expect ed

The Arctic region is rich on a number of tradable resources, such as oil, gas and
minerals, which are expected to be of great demand inTthe jfutjeeted

decline in seee extent in all seasons and a longeeiperiod extend the

shipping season and open new shipping routes. This will probably mean an
economic boost for the Greenland society. However, increased traffic will also
raise th@ollution of both the air and the sea through fuel combustion, discharge
of oil, refuse and sewage from ships and foreign orgamisihs ¢eotied in

bilge water and increase the risk of serious accidents.

One of the changes that is already unblerway be accelerated by the

influence of climate changes on the hunting is the change from a traditional diet
with seal, seabirds and caribou to a
imported foods. It is likely that there are other factorsyadaEnasst

influencing the huniiralnd thus the food habggynificantly more than climate
changes.

There is a subsistence production from agriculture, but it is severely limited by the
harsh climate. In the low arctic area, the growing sqessiadg@ increase

and the plant growth to be more vigorous. It is likely that this will improve the

possibilities for agriculture in Greenland.

The climate changes with the projected temperature increases can have severe
effects on infrastructure in areas with permafrost. In many places in Greenland,
thawing permafrost can be observed, but even though there are some damages,
the vast majority of buildings are constructed directly on the bedrock. Some
damage to roads and possibly airstrips can already be observed in areas on the
edge of continuous permafrost, but the problems are expected to be of a local

character.
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Introduction

It is a fact that the climate is changing all over the planet and that the effects w

be much greater in the Arctic. Wetabkl@ to stop these change®n if
greenhouse gas emissions were to be frozen at the present levels, the climate
would still be changing for hundreds of years because of the emissions that he

already happened.

The projected changes in climatawelconsequences stretching in to most
aspects of life in Greenland from construction and resource use to health and
safety. At the moment expectations are divided between those who fear negat
impacts such as economic costs and loss of cultyrandehtse who look
forward to new possibilities in shipping, farming and other areas. Without douk
the Greenland society has to prepare and adapt to some of these changes.

This report describes these possible positive and negative consequences and
gives recommendations to where it is most needed to concentrate the effort.

The great majority of the paogbreenland live in the toticareas, tivionly

few settlements in thghHArctiAs he focus of this repotiépossible
consequencesdimatichange$o the society, the high arctic region in this
context is not highly relevant. It is, however, in the far northern regions that the
most severe and negative effects on nature and wildifenyiNitretae risk

of the highretic zne and flora and fauna adapted to this zone completely

disappearing.
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>The Arctic is warming ar
will geteen warmer

The Climate Changes

It is evident that climate changes are not just something that may or may not
happen in the future. They are observed now on a widevelsgaodf

confirmed from local residents and scientific disciplines from ecology to geoloc
There is a great deal of literature published about climate changes and in som
areas there is a broad consensus regarding the present state and future
projecties while in other areas there is an ongoing debate. It is necessary to ta
action as soon as possible on the basis of current knowledge and prepare in tt
best way for the changes to ensure the best possible adaptation.

In this chapter the main findinggergovernmental Panel on Climate Change
(IPCC) and Arctic Climate Impact Assessment (ACIA) regarding climate chanc
in the Arctic are summarised and supplemented with other studies with more
detailed results regarding Greenland where needed.

The moel projections naturally have limitations because there are uncertain
factors about the state of for example technology advances in the future. The
predictions often apply to scales of hundreds of kilometres and more so local
variations are expected. Nesless, the trend for observed data and for all
modelled future scenarios are the same: The Arctic is warming and will get eve
warmer. No models project a general cooling of the Arctic except in a few loca

areas, and no models project stabilityareasdnseaice
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FACT BOX

The greenhouse effect

The temperature of the earth is a result of the balance betweer
coming to the earth from the sun (solar jaahdtiosat leaving the
earth(invisible infrared radiation). Am#rgy heats the surface,
infrared radiation (heat) is reradiated to the atmosphere. Most «
infrared radiation leaves the atmosphere to the much colder ou
spacebutsome is absorbed by gasses in the atmosphere. Thus
radi at i on elower aimosplhepe arel dodne is mefledtell
back towards the earth. This result in the hospitable global ave
surface temperature of about 14°C instead&f ¢heve would

have without the greenhouse effect (Climate change and the
greenhouse effect, ldgaentre).

In addition to these directtn@asfesystems there are feedback
mechanisms amplifying the climate changes. These mechanisi
mean that changes in Arctic climate have the potential to have
impacts of the global clirffs=A)

The geenhouse gasses

The gasses in the atmosphere reflecting and absorbing the he:
the often mentioned greenhouse gasses. They are naturally oc
gasses, constituting approximately 1% of the atmosphere. The
74 greenhouse gasses listed dA@i@list, including additional
synthetic greenhouse gasses and other gasses with radiative fi
The most common are carbon dioxigleni@€thane (@QHand

nitrous oate (NO). The remaining 99% of the atmosphere consis
mainly of nitrogen, oxygen and argon, but these gasses do not
the heaabsorbing effect of the greenhouse ddasaghtpat al.
2001). The majority of theoradioxide (@@mitted to the
atmosphere originates from burning of fossil fuels for energy
production, which releases large amanmesggnd releases €O
into the atmphere. Recently, human activities have caused the
concentration of the major greenhouse gases to increase, thus
enhancinthe greenhouse effect making the planet warmer. This
increase in the globatrage surface temperdtecause of an
increase in the concentratigreehhouse gase<alleglobal
warmng.
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http://www.physicalgeography.net/physgeoglos/n.html#anchor126490
http://www.dmi.dk/
http://www.physicalgeography.net/physgeoglos/e.html#energy
http://www.physicalgeography.net/physgeoglos/a.html#average_global_temperature
http://www.physicalgeography.net/physgeoglos/g.html#anchor103780#anchor103780

Climatic Changes

There have been major climatic changes in the past history of the earth with th
earth shifting between ice ages and warmer interglacial periods. These long s
climatic changes in tsoales of hundreds of thousands of years are likely to

have been caused by internal variability in the oceanic and atmospheric systel
and external factors such as natur a

and volcanic activity

Global warng

The graph in figdrshows a record, reconstructed from a Greenland ice core, of
temperature change as departures from present conditions. It demonstrates tt
there have been large variations in temperature, but the climate of the past
10,000 years so has been very stable at a relatively high temperature
compared with earlier millehhéamore detailed figuges8sa more detailed

view of the past 1,000 y@@reyehe significant warming within the past 100
yeards obviousThis is supportey the fact that the 10 warmest years in the

millennia occurred since 2990

"C)

SN

100 B0 60 40 20 0
Thousands of Years Before Present
©2004. ACIA

Figurel: 100,000 year temperature record in Greenland reconstructed from a Greenland ice co
(ACIA, 2005

1Hadley centre, 2005
2 Australian Greenhouse Office, 2005
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Figure: Temperature recofdre Northern Hemisphere for the past 1,000 years. For the past
140 years we have been aldiegctlyneasure surface temperatumatglobal patterag
annual surface temperatake been reconstructed fuone{Houghton, J.T. et al. 2001)

The rate and duration of warming of the 20th century has been much greater tiari

_ . _ ) _ >The global average surfe

in any of the previous nine ceAtBiese 1861, where instrumental records  temperature is projected

started, the global average surface temperature has increased. In the 20ticrease by 1.4 10 5.8°C
) _ ) ~ from 1992100

century the increass baen 0.6+ 0.2°C with most of the warming occurring in

the periods 191045 and 192000. The global average surface temperature

is projected to increase by 1.4 to 5.8°C fre2ta(®8aAd a relatively steady

rate. There are, however, thresholdsif wiasked, could lead to sudden and

unexpected changdsarger temperaturerease is projected for tbcaarea

due to a variety of positive feedback mechanisms.

Global warming will be most pronounced in the Arctic
There are several factors nding the global climate changes, resulting in a

greater impact at the poles than at lowerdatitudes

1Houghton, J.T. et24101
2ACIA, 2005
3ACIA, 2005
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1. As snow and ice melt, darker Ian_d and ocean sur_faces absorb more sol
energywhich leads to more melting of snow and ice

2. More of the extra trappestgngoes directly into warming rather than
into evaporation

3. The atmospheric layer that has to warm in order to warm the surface is
shallower in the Arctic

4. Asseaiceretreats, solar heat absorbed by the oceans is more easily
transferred to the atmosphere

5. Alterations in atmospheric and oceanic circulation can increase warmini

As the result of these feedback mechanisms, the Arctic is likely to respond rap
and more severely than any other area on Earth, with consequesatzeffects on
ice permafrost, dmydrologyand thelants, animals, grebple living there.

Figure8 shows the general temperature projections for the Qi) (@Qh
increases by 3°C in 2060 &@dn52100

°C)
7

A2
- B2

.i/
0 ,
2000 2020 2040 2060 2080 2100

Figure3: Increases in arctic tempezdfor G0 0 gidjected by an average of mbtkls
for the A2 and B2 emission scenarios, relativ@ (@0 8&1A, 2005

LACIA, 2005
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Because of natural variations and the complexity of the climate system, there are

regional vations in the observed tleAdthougy some regions have cooled

slightly, the overall trend for the Arctic is a substantial warming over the last few
decades. In fact, the IPCC has stated with very high confidence that 20th century
warming over arctic land areas has increased on avé€ragéibli 5 more

than twice the global avérage

Many other changes in the Arctic have already been observed (IPCC):

e There has been a 10% decrease in the extent of snow cover since the late
1960s

e Itis very likely that precipitation has increasédLbly @5 decade in the
20th century

e There has been a reduction of about two weeks in the annual duration of lake
and river ice cover

e Spring and summseaiceextent has decreased b§3% since the 1950s
¢ The witer ice extent has decreasdd ¥y

e Thee has been an average declineldf %dh actic sedce thickness
with local declines of up to 40% during summer and autumn

1ACIA, 2005
2Houghton, T. et akR001
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>In South Greenland a ris
in the mean annual
temperature of about 2°
Is projeted, with slightly
more increase in winter
than in summer.

>In North, Northeast and
parts of West Greenlanc
temperatures could rise
6-10°C in winter, but onl’
slightly in summer

Projected changes in Greenland

The global warming has caused a rise in atmospheric temperatures, which affe
all weathema oceanic systems. In the context of this report it is relevant to hav
a closer look at what specific changes are projected for Greenland as a

consequence of global warming.

Temperature

It has been established that a significant warming has dogutinechest
century and further warming is projected. The third IP€@imepestthat
warming in the Arctic will occur at twice the global average, although the
temperature increases will be highly regionally and seasonally variable.
In South Grekand a rise in the mean annual temperature of about 2°C is
projected, with slightly more increase in winter than in summer. In North,
Northeast and parts of West Greenland temperatures cotll@@Gaby 6
winter, but only slightly in summer 4Jigiite highest increase in projected
temperature is around the Arctic Ocean, with an incr&2%€ t#eking to
indirect effects on Greenland because of theeagtingluencing the

continental climate.

1Houghton, J.T. et24l01
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Figuret:

Left:Projected Inciess in arctic surface air tempefaduren u a 1-9 Q drdd)rl996t6 e

2090

RightProjected Increases in arctic surface air tenipBextaebdf e b r u a F9y0 e(NF)or 60 e
from 1990 to 2090C(A, 2005

Precipitation

The current models projechargincrasein precipitation of3@. Little or )
_ _ . >The current models proj

no increase is expected in Southeast Greenland. There are larger areas ineSauthra| increase in

Greenland where a decreas® afi®/month in winter (February) is projected Precipitation of-50%

and smaller areas in East Greenland wherediggistion are expected in

summer (August). The winter increase could, however, be significantly greater in

North Greenlaiidocally up to more than 2(3@% figure 5)

(mmimonth)
+18

+12

+5

Figures: The projected change in precipitation (mm/ month) from AE€HA.idAckigs that
the precipitation is projected to increase by about six mm per month from the 1990s to the 2090s
and light brown that precipitation is projdem@ase hyp to 6 mm per mo®EIA, 2005

1ACIA, 2005
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>An average of the climat
models predict a1%%
reduction of spring and
summer sea ice extent

>The thickness of the ice
projected to decrease by
about 0.06 meters per °

Seaiceand ocean temperature

The climte in highrctic Greenland is continental because of the ice that drifts ac
a vide belt down al onglAnhwrageafthe c o a
climate models predict-43% reduction of spring and suseaeeextent,

while the winteeiextent will also decrease but not to the same extent. In
addition, the thickness of the ice is projected to ol atease0.06 meters

per °Cand a later freeap and earlier bregkof theeaiceis expected,

resulting imancrease in open walieration of about 7.5 days per °C

The decreases are considered to be an important indicator of serious changes
the climate and as mentioned earlier the ice melt affects the reflectivity with mc
far reaching consequences for globaPchingate® shows the projected
summeseaiceextent in 204M30, 204R060 and 202090 and it is clear

that there will be a large decrease

2010 - 2030 2040 - 2060 2070 - 2090

Figures: Projected summer (Septerabaigeextent in the Arctic in 22080 Ief), 2040
2060 (middle) and 2Q@00righy (ACIA, 2005

As a consequence of increased temperatures the meaasumface

temperature is projected to rise by ab®8tC.0@y the year 2400

1Rasmussen, E. and Adamsen, M. (ed2003
2Houghton, J.T. et2401

3ACIA, 2005

4McCarthy, J. J. et(&lds.) 2001
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Snow cover and ice

It is estimated that regions currently receiving snoafedisiilgjly receive
precipitation in the form of rain. For every 1°C increase in temperature, the
snowline rises by about 150 meters. As a result, less snow will accumulate at low
elevations. In contrast, there could be greater snow accumulagion in region
above the freezing line due to increased snowfall in some of th&seisegions
substantial decreases in snow cover are projected throughout the Arctic, but no
large scale changes are expected in Greenland.

The projected climate changes canmmalede2quentecrust formation on

the tundra due to feefraw events during the winter with possible extensive
effects on wildlife.

An example of a positivelieett system, which IPCC has estimated has very
high confidence, is the ice and albedact€edimtioned on p.:1&higher
temperature in the Arctic will melt snow and ice. The darker surface will reflect
less heat than the white surface, thus contributing more to heat tihe surface of t
earth and further reducesicew.

With increased feenatures and less snow ctveigrowth season in the low

arctic will be longer

1Houghton, J.T. et al. 2001
2ACIA, 2005
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Observed

Projected for the 2Ist century

Snowcover

Glaciers

Permafrost

Seaice

River discharge

Breakup
and freezap

Sea level rise

Snow-cover extent in the Northern Hemisphere
has decreased by 5 to 10% since 1972 wrends of
such magnitude are rare in GCM simulations.

Glaciers throughout the Northern Hemisphere

have shrunk dramaucally over the past few decades,

contributing about 0.15 to 0.30 mm/yr to the aver-
age rate of sea-level rise in the |990s.

Permafrost temperatures in most of the Arctic

and subarctic have increased by several tenths of

a degree to as much as 2 to 3 °C (depending on
location) since the early 1970s. Permafrost thawing
has accompanied the warming,

Summer sea-ice extent decreased by about 7% per
decade between 1972 and 2002, and by 9% per
decade between 1979 and 2002, reaching record
low levels in 2002.The extent of multi-year sea ice
has also decreased, and ice thickness in the Arctic
Basin has decreased by up to 40% since the 1950s

and 1960s due to climate-related and other factors.

River discharge has increased over much of the
Arctic during the past few decades and the spring
discharge pulse is occurring earlier.

Earfier breakup and later freeze-up of rivers and
lakes across much of the Arctic have lengthened
the ice-free season by | to 3 weeks.

Global average sea level rose between 10 and
20 cm during the 20th century. This change was
amplified or moderated in particular regions by
tectonic motion or isostatic rebound.

Snow-cover extent is projected to decrease by
about 3% by 2071-2090 under the projected
increase in mean annual temperature of about 4 °C.
The projected reduction is greater in spring. Owing
to warmer conditions, some winter precipitation in
the form of rain is likely to increase the probability
of ice layers over terrestrial vegetation,

The loss of glacial mass through melting is very likely
to accelerate throughout the Arctic, with the
Greenfand Ice Sheet also starting to melt. These
changes will tend to increase the rate of sea-leved rise.

Over the 21st century, permafrost degradation is
likely to occur over 10 to 20% of the present
permafrost area, and the southern limit of
permafrost is likely to move northward by
several hundred kilometers.

Sea-ice extent is very likely to continue to decrease,
particularfy in summer. Model projections of summer
sea-ice extent range from a loss of several percent
to complete loss.As a result, the navigation season

15 projected to be extended by several months,

Models project that total river discharge is likely
1o increase by an additonal 5 to 25% by the late
2|t century.

The trend toward earlier breakup and later
freeze-up of rivers and lakes is very likely to contin-
ue, consistent with Increasing temperature. Breakup
flooding is likely to be less severe,

Models project that glacier contributions to sea-
level rise will accelerate in the 2|st century,
Combined with the effects of thermal expansion,
sea level is likely to rise by 20 to 70 cm (an average
of 2 to 7 mmiyear) by the end of the 215t century,

Table 10bserved and projectedds for the arctic cryospie€Zed, 2005
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Fisheries

PhotoNyegaard Hvid, H.
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>The fishing industry
accounts for almost 90%
Greenlandtstal export
value

>|t is believed that higher
sea temperatures will mi
better fishing opportuniti

Fishing

The fishing industry, including manufaisteongidered the most important
industry in Greenland. It accounts for almost 90% of the total export value and
employs around 5,500 persons. Thus, any climate change driven variations in
stocks may affect fish export, which will again hacara sigpefct on the

economy of Greenland.

Compared to most other nations, the Greenlandic fishing industry developed I
with small scale catches and local processing starting in the begirihing of the 2
century. The industry developed quickly &dt&vavdrdue to development

plans support from Denmark the industrialisation. The Greenland society

has experienced two important transitionstircémeu2@the first in 1910s

and 1920s from seammal hunting to cod fishing and the s4&&®90n

from cod to shrimphese transitions had an enormous influence on
development in the society. It is believed that for Greenland society, a milder
climate and higher sea temperatures will mean better fishing opportunities, at
least for some spEexi

This chapter will present the expected changes in economically important fish
stocks in Greenland due to the projected climate changes and assess the imp:

and new opportunities for the society.

1Rasmussen, R. O. 2005

Page23



FACT BOX

>Anyone wishing to hunt

Hunting Licence fish need to be in
possession of a license.
The present hunting license system has éiect since 1993 and qualify for a commercial
anyone wishing to hunt or fish need to be in possession of a lic license, more than 50%
There are two types of licelse for commercial and one for leis! onebds incorm
huntersfishermeo qualify for a commercial license, more thar from

50% of o n stoéose from Gsbimyéunting. Furthermore

continuing association to Greenland is required, which is define
registered permanent address and tax liability in Greenland for
of 2 years. To obtain a leisure license it is only requigad that on
resident in Greenland. Quotas on certain species like polar bee

walrus are prerogative to commercial hunters and for some sp
there are smaller daily limits on catch for leisure hunters. For b
types of license catch records must benediéainbaek, L. and
Knudsen, T. 2005)

There is no formal difference between a person earning a living
hunting and one doing the same from fishing. In fact, many do
especially in the smaller settlements, where catches are highly
seasonal.

The role of commercialtfing in Greenland today

Fish and fish products account for 87% of the total export ¥ale(2664)

last decade fish export has made up between 30 and 20% of GDP. The relative
decline in the fish export share of GDP is primarily due to arGDdPease i

rather than a decline in export, which has been stable over the period (see figure

7).

1Baunbaek, L. and Knudsen, T. @@35)
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Figurer: Development in Greenland fish exports andDBERmM 1994 to 2005 (Greenland
Statistics)

. . There are no exact statistics avaitahlethe total contribution of the fishing
>|t is estimated that the C

contribution from industry (including e.g. domestic sales) to the GDP. However, it is estimated tf
Greenl andds it could be as high as 50% or more if indirect contributions fare included
industry could be as higl , o . _

as 50%f total GDP The fisheries in Greenland are divided intactoreglasge scale offshore,

and intermediate and small scale inshore activities.

e The large scale offshore sector is the main contributor to national
economy. With around2BD persons employed, this sector produce
an annual revenue of DKK 1.6 hiliéfocof the industry.

Most of the processing of the catch takes-plaae phowever, 25%
must be landed for processing on land due to legal restrictions.

e The intermediate inshore fisheries employs around 500 persons and
contribte about DKK 400 anilor 2@ of the income from fisheries. It

is important to larger settlements and regional economy.

1ACIA, 2005
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e The small scale sector consists of fishery from small-bledgesiog

and snowmobiles and is vital for small settlements where it maintains the
informland subsistence econoinrethe form of own consumption

and sales. Around 2,500 persons use small boats for commercial fishing
and hunting activities, and the total economic outcome is around DKK
100 million, which is 5% of the fisheries économy

Thee is an additional income from the fisheries due to the large number of
international fishing vessels operating in Greenland waters, landing around 25%
of the total catch. Greenland has sold these fishing rights and receives annually
several million DKKeiturA Furthermore, Greenland has agreements with

Russia, Norway, Iceland, Canada and the Faeroe Islands giving Greenland

fishing vessels the possibility of fishing in their waters.

It is evident that fisheries are very important for Greenéuadisof &tie

society and economy and changes in stocks sizes or distribution due to climate
changes may have massive consequences. Therefore it is important to identify
the challenges in order to adapt to them.

1Rasmussen, R. O. 2005
2Greenland Home Rule, 2006
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>Species livingtaeir
range edge are expecte!
change distributim
response to relatively sn
temperature changes

Howwill climate changes affect the Greemhfggshing industry

Marine species are not constrained by physical barriers to the same degree as
terrestrial species; instead they are limited by environmeRiahfantbrs

shellfish are thadapted to the temperature and salgégf their rtaral
environment and if these factors change it can directly affect their physiology
including reproductive and growth rates

Historically, sea temperatures have driven large marine ecosystem changes a
increasing sea temperatures around Greenlilely watce fish and shellfish
distributions to chargspecially species livirtheit range edge are expected

to change distribution in response to relatively small temperature changes

Figue 8: Catch of the most important stuiesantbnne(Baunbaek, L. and Knudsen, T.
(eds) 2005

Changes in distribution of the commercially important fish stockstare expected
lead to significant impact&eenladdisheries industry in terms of new

possibilities opening and possilsiing markets decreasing.

1Brander, K.2000
2Brander, K. M. 2006
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Cod or shrimp fishery?

The Atlantic cod populations in West Greenland waters have shown |ar5%2§uﬁmf i?}o\?v est
fluctuation in abundance and distriburiioghe last century. Commercial cod Greenland waters have
shown large fluctuation i
abundance and distribut
intensified the impact of the warmer Irminger current in West Greenland. Thedghe last century

fishery started in West Greenland aroundd®2(twinge in ocean currents

warming led to the establishment of an abundant cod stock, which also gg\%%n the predatory cod
consistent inflow of cod egg and larvae from the spawning grounds west ®focks declined, shrimp
Iceland. The fishery began with coastal and insHuvatdishéry; later better stocks increased
technology moved the fishery offshore with largeatrdwhersnportance of

the inshore fishery decreased. Landings increased and peaked in the 1962 with

an annuaktch of 460,000 tons mostly caught éffshore

By the late 1960s, however, the temperature and the spawning stock decreased,

and at the same time there was a reduced inflow of larvae from Iceland resulting

in a collapse of the stock. Subsequently, anfgwestr classes (1973 and

1984) mainly of Icelandic origin were observed but the cod had almost

disappeared from the offshore waters off West &reenland

When the predatory cod stocks declined, shrimp stocks increased and

commercial shripypducts ar®w the most important export from Greenland.

Shrimp fishing started around the Disko Bay and presently takes place in both

East and West Greenland waters. While the cod fishing was possible from small

vessels along the coast, thus bringing income tanchargrismaller

communities, shrimp fishing is mainly conducted frgomgceeawlers with

onboard processtn@ombined with the fact that most shrimp products are

exported unprocessed, it means that fewer jobs aré available

1Horsted, S. A. 2000
2Buch, E. et al. 1994
3Baunbeek, L. and Knudsen, T. 2005
4Rasmussen, R. O. pers. comm
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>Studes show that food
stocks at the cold end of
the range as in Greenlat
recruitment will increase
withrinsing sea
temperatures

>There is a small and
growing cod population
inshore that needs to be
protected

Presently the cadhiearly absent in the offshore area and no landings of

considerable amounts take place. According to the fishing statistics only 4,892
tons were landed in 2004, primarily from insho(ecisfiguy®). There is a

small and growing cod populatimrenthat needs to be protecibe year

class from 2003tsongand there are five times as many cod in 2005/6
compared to 2004, but they are still young and small fish that at the earliest wi
commercially interesting in 2007. They are ¢xpeted in 2008 and it is

advised that no fishing take place until there has been a significant increase in
biomass and recruitment to the popuGiten cod are individuatiye

robusaind produce much higher number of eggs per kilo thanhyounger fis
meaning that overexploitation of the biggest and oldest fish leads to an increas
vulnerability to climate ch&n§esvival of cod larvae and thus subsequent
recruitment is affected by the temperature. Studies show that for stocks at the
cold end diie range as in Greenland, recruitment will increase with
temperatutelt is considered likely that in the future cemteulbyehékest

coast north of Disko Island as was the case in th@60830%ey are also

expected to spread up alongdalec&ast along the Denmark>Strait

Conversely, the shrimp stock is expected to decrease over the next years, par
because the cod stock is increasing and partly due to a lovw (eeeuitment
figure9). In the Barents Sea, the cod stock was halvéaleyeargperiod

from 1998001 alone due to the fact thahthetock was increasing

The ACIA report operates with three scenarios for thesiuting cod
developmeéehtA pessimistic, a moderate and an optimistic, based on a no
change, a modwavarming@AC) and a considerabl e

respectively. The O6pessimisticb sce

1Nygaard, K. 2006

2Nygaard, K. 2006

3 Huntington et al. 2006

4Brander, K. M. 2006

5 Drinkwater, K. F. 2005

6 Greenland Institute of Natural Resources, 2006
7Siegstad, H. 2006

8 Hvingel, C. 2003
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living conditions, no cod stocks will be established in Greenland, but due to larvae

inflow from Iceland, periodi@aeadbilitywilloccur. The impact of this scenario

is highly dependent on rational management, due to the before mentioned
relationship between cod, shrimp and fisheries.

If that is the case, there will be a slight average increase in fish harvests of about

2% after 50 years. It would have a very fluctuating impact on GDP with an overall
small average increase. The Omoder atebd
to Greenland, which in 20 years would yield on average 100,000 tons a year,
accompanied by alitee in the shrimp stock. This scenario is modelled to lead

to a moderate letegm increase in GDP of 6%, with a larger initial effect. The
6optimisticd scenari o assumes return of
60s, which in 30 years woutti30€),000 tons a year. This would reduce the

shrimp harvests to around 20,000 tons per year, but the total fish stock availability
would increase with 100% over the next 50 years. This scenario is projected to

lead to a 28% increase in the GDP in atevad 80 years.

Thus all these modelled scenarios project an increase in GDP. In the best case

this would have large positive effects of employmentomad shatmen

income and otherwise the soci al i mpact
scenario, on the other hand, could due to its dependence on cod larvae inflow

result in a high degree of structural unemployment in years with small stock.
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Greenland halibut fishery gaining importance

>Adult Greenland halibut

lives in deepaters of 30C
shrimp. Fisheries takace both inshore and offshore, with the majority inshor@00 meters, where
climate is expected to h:
little influence for many
and net fishing in the summaendrllulissat, Uummannaq and Upernavik. The/ears to come

The Greenland halispresently the second most important sfiecitea

partly line fishing in winteugir the ice and using dog sleagesartly line

export of Greenland halibut amounts to 20% of the total exportvalue (2CC4);

Most of the inshore fishery is believesLigidirable, except in East

Greenland, where the total catch from Greenland, dalarkcharoe Islands

exceeds the biological advice with. Tb@treenland halibut not only plays

an important role as salgsct, it is also important component in both the
agreement with the EU and in the quota exchange arrangements with both
Norwaynd Russi&rices for this fish have largely demonstrated a constant
increase over recent years and at present efforts are being made to secure a
higher quality for the landed catches so that the fishermen can maintain the same

level of earnings basedmaller landed quan€ities

Adult Greenland halibut lives in deep watei200030@ters, where climate is
expected to have little influence for many years to come. In addition, Greenland
halibut is an opportunistic predator, which iesdsesdepble to influence

from fluctuations in prey species. However, competition from other species such
as the cod may play a role. The larvae and egg stages take approximately 15
weeks, during which the larvae live in dep@0ofreders. In this stage it

difficult to predict what effect temperature changes fmighelsiudy

concluded that there is a significant positive effect of increasing temperature on
the growth of 0 to 2 year old Greenlané Adlimithe climate changes with
increasing tgraratures have the potential of increasing the growth rate of
Greenland halibut.

1Baunbeek, L. and Knudsen, T. 2005

2Greenland InstitofeNatural Resources, 2006b

3Faod and Agriculture Organization of the United Nations, 2004
4Lyberth, Bjarne. Greenland Institute of Natural Resources, pers. comm.
5Sinksen, K. 2005
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The new fishery for snow crabs

Crab fishery started in 1995 in coastal areas in Disko Bay and at Sisimiut and
spread along the West coast from Kap Farvel to UperaanikalTdatch

peaked in 2001 with 14,800 tons and hereafter stock and catches declined du
the heavy fishefieBspecially in 2003 and 2004 the annual catches were less
than half of the 2001 catadhe=n though the fishing effort in offshore areas
guadrupled from 1999 to 2002 export of crabs comprises 7% of the total
export value (2004here are no studies available on the effect of climate
change on the crab stocks. The snow crab is, however, a cold water species, ¢
cold conditions are@sated with strong year clasgbs could suggest that

a warmer climate could have a negative impact on the crab stocks, but no dat:
confirm this. There is also a relationship between cod and snow crab stocks,
since cod is a crab predator. In Canaderemse in snow crab productivity has

been connected with a decrease in predation pressure from fishéincluding cod

1Greenland Institute of Natural Resources, 2006¢
2Baunbeek, L. and Hsen, T. 2005

3 Northwest Atlantic Fisheries Organi2@@ian,
4Baunbeek, L. and Knudsen, T. 2005

5Fisheries and Oceans Canada, 2002

6 Bundy, A. 2001
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Factors influencing the outcome of the changes

It ident that the fut ¢ t . . tant det ) tf th>Ifthecodstockwereto
is evident that the future temperature is an important determinant for the; . ... . theevious

speciesamposition in the waters around Greenland. But although the degreg/efs, they alone would
nsume 130,000 tons
irrﬁps per year

are other factors influencing the impact of the climate changes on the society.

. . . . >A continued intensive
The case of the transitiom fcod to shrimp fishery in Greenland demonStrateghrimﬁishery might

o . . 0
warming is important to the species composition and hence the economy, gtﬁ

that on a more local scale several other factors are equally important in ~ suppress the reappeara
of the cod due to large

determining whether the changes will turn out as a benefit or a detriment. catches of young cod

Local demographics

Comparative studies of the tweml@nel municipials of Sisimiut and Paamiut
haveshown how especially differences in education, social networks and
enterprising spirits were decisive factors in how well the municipalities were able

to capitalise on similar environmental oppértunities

Fishery management

Furthermore, one of the essential social structures in adapting to the changes is
the regulations and fisheries management. Because of tkaepiyidiendr
predateprey relationship of many species (eshrioopl and cadab)it

becomes partly a political decision how to manage the stocks and thus how
fishing will form in the fatlfrthe cod stock vi@sncrease to theevious

levelsthey alone would consume 130,000 tons shrimps per year, which is the
same size as thatch tod&yOn the other hand, a continued intensive shrimp
fishery might suppress the reappearance of the cod duedatter dfy

young cdd

1Hamilton, L. C., Lyster, P. and Otterstad, O. 2000
2Siegstad, H. 2005

3Siegstad, H. 2006

4 Siegstad. 2005
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Transition to service professions

Empl oyment in the fishing,botmasastry
result of more efficient catch and production methods and because of the
development of other industries, especially within trades and services. Due to
increase in shrimp catch, the employment in Greenland has been stabilised.
However, itowld probably be rational to incorporate this decreasing importance
of fisheries in terms of employment in the managetent plans

Adaptation

There are several factors, which can be advantageous in adapting the fisherie:
industry. First, there are prgsardlGreenland trawlers fishing cod in the

Barents Sea, thus maintaining a cod fishing capability and tradition and the
necessary sales charth@econdly, the high degree of international orientation
of the industry suggests a large flexibilityark#te frhe species expected to

be traded in the future are already part of the existing world marked and theref
there are good export possiBilities

The adaptation to a change in species composition and/or distribution can be
easier if there are goalgs opportunities. Presently, half of the persons trading
in products believe that there are too few saléeglaeasally in the

settlements

1 Det rddgivende udvalg vedrgrende Grgnlands gkonomi. 2006
2Baunbeek, L. and Knudsen, T. 2005

3 Det radgivende udvalg vedrgrende Grgnlands gkonomi, 2006
4Rasmussen, R. O. 2005
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WWHRecommendationsn fisheries and climate change

>

The Home Rule should agree to-getangtratedgr sustainable catch,

taking into account the expected changes in stocks and make the
necessary protection of vulnerableigtoaksample the small inshore

cod population

The Home Rule should ensure alternative income possibilities for people in
setlemergin case cod fishery does not bring the expected social benefits
to the settlements

The Home Rule should promote investments in equipment necessary for
transition to other species or to investments such as boats with room for
cooling equipmert.&b ensure innovation in the industry. It should be
arranged so it does not maintain the present dependence on subsidies
Sales channels should be keptgpeinterested pasfor possible

new species to enter the marked as a consequeiate cdhatges,

including sales places
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Hunting
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