Klimatologiske Tipping Points

Den arktiske udfordring

| de arktiske egne er havisens tilbagetraekning og sommerafsmeltningen af den grenlandske indlandsis
i de seneste ar accelereret voldsomt, mens tundraens permafrost tor op. Klimatologerne taler om fore-

staende 'tipping points' - om teerskler, hvorfra klimaforandringer bliver selvforsterkende.

| det arktiske omrade ser man i disse ar markante klimaforandringer.
Stadig storre omrader af Det Arktiske Hav, som i vinterhalvaret er
helt daekket af is, smelter i labet af sommermanederne, og det islag,
som dannes i labet af vinterhalvaret bliver stadig tyndere. Udsigten
til at Nordpolen bliver isfri i sommermanederne er inden for de se-
neste fa ar rykket frem fra at kunne ske i en fjern fremtid til at kunne
vaere en realitet inden for ganske fa ar.

Nar sollyset rammer den kridhvide havis, reflekteres starstedelen
af lyset tilbage i verdensrummet. Men ndr lyset rammer havet, traen-
ger en stor del af lyset ned i havet og forer til @get opvarmning. |
de seneste ar har man kunnet konstatere en begyndende optaning
af havbund og tundraegne, som har store meengder af metangas in-
defrosset. Metan er en kraftig drivhusgas, og frigivelsen af metangas
forer ligesom med CQO, til, at en starre del af det sollys, som rammer
Jorden, forbliver i Jordens atmosfaere. Pa billederne herover har man
antendt lommer af metangas, som har samlet sig under isen.

Det er anslaet, at hvis den arktiske permafrost ter helt op, vil det
fare til op til en 10-dobling af atmosfaerens koncentration af metan.
Klimatologerne taler i sddanne situationer om tipping points, hvor
den klimatologiske situation fra at vaere relativt stabil tipper over og
bliver selvaccelererende.

En tidshorisont pa 15 - 20 ar

Siden begyndelsen af den industrielle eera har der vaeret en global
opvarmning pa 0,7° C. Men denne opvarmning er ikke jeevnt fordelt.
| den arktiske region ser man allerede i dag flere steder tempera-
turstigninger pa over 2° C. Nar man ved klimaforhandlingerne taler
om at mdtte holde de globale temperaturstigninger pa under 2° C i
forhold til ferindustrielle tider, sa vil det i den arktiske region svare
til en opvarmning pa 5° C eller mere. Det svarer rundt regnet til
temperaturforskellen mellem Danmark og Norditalien.

Man ser derfor i disse ar i sommermanederne en stadig storre
afsmeltning af den grenlandske indlandsis (se billede 1). Flere steder
langs randen af indlandsisen har man ligefrem anlagt vandkraftvaer-
ker, som udnytter smeltevandet. | labet af sommeren dannes der pa
indlandsisen store sger af smeltevand (se 5-9), som gennem revner
i isen - som gradvist bliver til store skakter (se 2-4) - laber ind under
ismassiverne og opblader bunden. Dette er sandsynligvis medvir-
kende til, at indlandsisen kaelver langt hurtigere end for blot fa ar
siden.

En nylig amerikansk undersggelse kom frem til, at den granlandske
indlandsis ville begynde at destabilsere ved en CO,-koncentration i
atmosfaeren omkring 425 ppm. Med den nuvarende stigning vil vi
nd det niveau i lobet af 15-20 ar. Og der er i dag en voksende be-
kymring for, at smeltevandet kan fore til, at storre ismasser skvulper
ud i havet pa én gang.

Verden over ser man i disse dr gletsjerne svinde ind - i Alperne, i
Andesbjergene og i Himalaya. Mange af Asiens store floder har deres
begyndelse i Himalaya-bjergenes gletsjere: Indus, Ganges, Brahma-
putra, Mekong-floden, Yangtze-floden og Den Gule Flod. Gennem
tiderne har gletsjerne betydet, at der var rigeligt med vand i floderne
ogsa i sommertiden og har dermed givet gode vilkdr for agerbruget,
og pa disse flodsletter finder man i dag op imod en tredjedel af
verdens befolkning. Den dag smeltevandet fra gletsjerne svigter, vil
det fa store konsekvenser for dyrkningsmulighederne, ikke mindst i
et land som Pakistan, hvor 80% af landbrugsarealet overrisles med
vand fra Indus, som i sommermanederne far 70-80% af sit vand fra
gletsjere.

Nu regnes havstigninger i meter

Indtil for fa ar siden regnede man kun med havstigninger forarsaget
af, at verdenshavenes vandmasser udvidede sig med opvarmnin-
gen. Men efterhdnden som man har indset, at klodens ismassiver
skrumper, har prognoserne andret sig fra at regne havstigninger i
centimeter til at regne i meter. Og et sandsynligt skan er i dag, at
verdenshavene vil stige op imod 1 meter inden ar 2100.

Derfor kommer Kabenhavn til inden for fa artier at skulle overveje
at anleegge diger ved Nordhavn og Sydhavn for at beskytte sig mod
det stigende hav. Men 1 meter havstigning vil vaere undergangen
for lande som Maldiverne og Kiribati, hvis palmebevoksede koral-
revsger typisk ikke rager mere end 2 m over havets overflade. Her
er deemninger ikke mulige.

Forelabig kan vi gardere os. Men hvis Granlands indlandsis smel-
ter, vil det fare til en havstigning pa 7 m. Det vil ikke ske i morgen,
og ikke i det 21. arhundrede, men pa sigt. Ifolge leder af NASAs
klimaforskningsafdeling James E. Hansen vil en koncentration af CO,
pa 450 ppm igennem laengere tid betyde en fuld afsmeltning af alle
klodens ismassiver og dermed en havstigning pa op omkring 75 m.
Det er pa den baggrund, at klimatologerne siger, at det haster med at
vende udviklingen, og at vi ikke bare kan fortseette med at afbreende
fossile breendstoffer som nu. For hvert dr vi venter med at igangseette
omlaegningen til det fossilfrie samfund, bliver det ikke bare dyrere.
Risikoen for at na tipping points, hvorfra klimaforandringerne bliver
selvaccelererende, bliver starre og starre.

COP 15 i Kagbenhavn og COP 16 i Cancun har klart vist, hvor
svaert det er for verdens lande at nd til enighed om de nadvendige
CO,-reduktioner, og selv med en global klimaaftale i hus vil det tage
tid, for udviklingen vender. Hvis man vil vende udviklingen pa Ark-
tis, er det derfor vigtigt, ud over den langsigtede strategi for at bringe
CO,-udledningerne til ophgr, at gd efter nogle hurtige lasninger. Dels
vil man ved malrettet at sage at mindske metanudledningerne fa
en hurtig effekt, da metan bliver langt kortere tid i atmosfeeren end
CO,. Dels ville man ved at seette filtre pd alle verdens kulkraftvaerker
kunne mindske maengden af kulstov i luften, som i dag tilsmudser
de udstrakte is- og sneflader - og dermed sikre, at der igen vil blive
reflekteret mere lys og varme bort fra de arktiske vidder.
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Afsmeltning af Grgnlands indlandsis

P& Grenlandskortet herover (1) angiver det lyserade omrade, hvor
der i 1992 var afsmeltning i sommermanederne, mens det lyserade
og det markerade omrade tilsammen viser, hvor der i 2005 var som-
merafsmeltning.

De to kort i midten viser, hvor stor en del af Kebenhavn, som vil std
under vand, hvis havet stiger med henholdsvis 3 meter og 7 meter.

At beskytte Kabenhavn mod en sddan havstigning vil veere en nze-
sten uoverkommelig opgave selv i et af verdens rigeste lande. Og
i storstedelen af verden vil man ikke kunne stille noget op. Eneste
reelle lasning er at tage klimaudfordringen konsekvent op, inden det
kommer sa langt - det vil sige lige nu.

www.pubs.giss.nasa.gov/abstracts/2008/Hansen_1.html
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Climatological Tipping Points

The Arctic Challenge

In the arctic regions the withdrawal of the sea ice and the summer melting-off of the Greenland Ice Cap have accelerated
tremendously the past years while the permafrost on the tundra is thawing out. Climatologists are indicating pending

‘tipping points’ - past these thresholds the climate changes become self-accelerating.

Melting of the Greenland Ice Cap

On the map of Greenland above left (1) the pink area shows the
places with melting in the summer months of 1992, and the pink
and brown combined shows the summer melting in 2005.

The two maps in the middle show how much of Copenhagen will be
under water if the sea level rises 3 meters and 7 meters respectively.

Protecting Copenhagen from a sea level rise like this will be an
overwhelming task even for one of the world’s wealthiest countries.
And most of the world will be unable to do anything. The only real
solution is to face the climate challenge with consistency before it
gets out of hand - which is now.

Lately, significant changes are seen in the arctic area. Larger and
larger parts of the Arctic Sea, which in the winter season are com-
pletely covered with ice, melt during the summer months, and the
layer of ice that forms during the winter season is steadily thinner.
The prospect of the North pole being ice-free in the summer months
has during recent years changed from being something that might
happen in a distant future, to something we could see happening
within only a few years.

When sunlight hits the chalky white sea ice most of the sunrays
are reflected back into space. But when the rays hit the ocean, a
great deal of the light seeps into the ocean and leads to increased
warming. In the past years it has become evident that a nascent tha-
wing of the ocean floor and tundra areas, which have large quantities
of methane gas stored. Methane is a severe greenhouse gas, and the
emission of methane gas, like CO,, prevents most of the sunlight that
hits the Earth from leaving the Earth’s atmosphere. In the pictures
above to the left, pockets of methane gas have been ignited, bursting
out from under the ice.

It is estimated that if the arctic permafrost thaws completely it will
lead to a ten times larger methane concentration in the atmosphere.
In these cases, the climatologists mention tipping points where the
climatological situation tips over from being relatively stable to being
self-accelerating.

Since the beginning of the industrial era there has been a global
warming of 0.7° C. But this warming is not evenly dispersed. In the
arctic region there are already temperature increases of over 2° C.
When they talk at climate negotiations about keeping the global tem-
perature increases at below 2° C compared to pre industrial times,
in the arctic region it would mean 5° C or more. This corresponds
to more or less the temperature difference between Denmark and
Northern Italy.

This is why an increasing melting of the Greenland Ice Cap (see
picture 1). A number of places along the edge of the inland ice water
works have even been constructed to exploit the melt water. During
summertime, large lakes of melt water form on the inland ice (see
5-9) that runs through cracks in the ice - which gradually turn into
huge moulins (see 2-4) - under the ice sheet and softens the bottom.
This most likely contributes to the inland ice calves much quicker
than a few years ago.

A recent American study reached the conclusion that the Green-
land Ice Cap will begin destabilizing at a CO, concentration in the
atmosphere of around 425 ppm. With the current increase we will
reach this level in 15-20 years. And today there is a growing concern
that the melt water can lead to large ice masses sloshing into the
ocean all at once.

Around the world, we see the glaciers shrinking - in the Alps, in
the Andes, and in Himalaya. Many of the major Asian rivers have
their start in the Himalayan glaciers: Indus, Ganges, Brahmaputra,
the Mekong River, the Yangtze River and the Yellow River. Through
the ages glaciers have meant plenty of water in the rivers, also du-
ring summer, and have ensured good conditions for farming, and
in these river basins close to one third of the world’s population is
found. When the melting water from the glaciers fails it will have
dire consequences for the growing potentials especially in a coun-
try like Pakistan where 80% of the farm land is irrigated with water
from Indus, which in the summertime gets 70-80% of its water from
glaciers.

Until recently only sea level rises caused by the water masses in
the oceans expanding from the warming were considered official.
But in acknowledging that the Planet’s glaciers are shrinking, the
prognoses have changed from calculating sea level rises in centi-
meters to calculating in meters. And a probable estimate now is that
the oceans will rise as much as 1 meter before the year 2100.

Consequently, within a few decades Copenhagen will have to
build sea walls at Nordhavn and Sydhavn to protect themselves from
the rising oceans. But 1 meter sea level rise will be devastating for
countries like The Maldives and Kiribati with their palm tree filled
coral islands only protrude 2 m above sea level. Here, dams are not
an option.

So far, we can protect ourselves. But if the inland ice in Greenland
melts, we will experience a sea level rise of 7 m. It will not happen
tomorrow, and not in the 21st century, but in time. According to the
chief of NASAs climate research department, James E. Hansen, a
concentration of CO, of 450 ppm, in time, will lead to a full melting
of all of the Planet’s ice masses and a subsequent sea level rise of
around 75 m. This is why climatologists say that it is urgent that we
change our course, and that we cannot continue burning fossil fuels.
For every year we postpone the restructuring of our society to be
fossil free, it will not only become more and more expensive. The
risk of reaching tipping points where the climate changes become
self-accelerating, are bigger and bigger.

COP15 in Copenhagen and COP16 in Cancun have clearly shown
how difficult it is for the world’s countries to reach an agreement on
the necessary CO, reductions, and even with a global climate agre-
ement in place it will take time before the development changes. If
we want to change the development in the Arctic Region, besides
the long-term agreement to cease all CO, emissions, it is important
to aim for some quick solutions. First of all, by targeting the reduction
of methane emissions we will see a faster result as methane stays
in the atmosphere for a shorter period of time than CO,. Secondly,
by putting filters on all coal plants in the world the quantity of
coal dust in the air that darkens the ice and snow stretches could
be immediately lessened, and this way more light and heat would
be reflected from the Arctic spaces.
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