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FOREWORD

The Arctic is the polar region north of the Arctic Circle, or north of the latitude 66°
337 44” (or 66.5622°) north of the equator. Temperatures average -40°C or -40°F in
the winter and under 10°C or 50°F in the summer. The Arctic Ocean dominates the
Arctic region. This ocean covers 15,558,000 square kilometers (6,006,977 square
miles).

The Artic Region is a one of the “sui generis” region of World. Several species of
animals and plant are unique to the Arctic. It is also a center of attraction because the
Arctic has natural resources wealth which can be exploited to provide economic
profit. Some of its known natural resources are gold, crude oil, diamonds and
industrial metals. Besides that unknown potential resource of Arctic excite the rest of
the World. Even if the Arctic region has been considered an international territory,
some of the countries claim that it’s their own territory.

Besides that it is very clear that the Arctic region is one of the most affected area due
to global warming. In this study, the effects of global warming to the Arctic region
has been shown by the ice extent data both in summer and winter between 1979-
2014. This situation’s possible result as having new Artic Shipping Routes is the
subject of the study. Secondry research methodology is chosen as the method of the
study.

Moreover, | would like to thank my thesis advisor Assoc. Prof. Dr. Burcu Ozsoy who
passed her enthusiasm and deep experince about Arctic Region to me from the very
begining of my Master education.

Finally, 1 would like to thank my dear wife Ece; for being so patient and supportive
in the period of writing this thesis and my whole life in general.

October 2016 Mehmet ERSAN
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FUTURE OF ARCTIC MARITIME ACTIVITIES IN THE LIGHT OF
CLIMATE CHANGE

SUMMARY

The Artic Region is a one of the “sui generis” region of World. Even if it seems very
far away from the civilization, it’s also a center of attraction because of Arctic has
natural resources wealth which can be exploited to provide economic profit. The
researchs are mostly focused on the these area but nowadays The Artic Region is
more popular due to climate change issues. Recent analyses showed that warming
trends is consistent with trends over the past 20-30 years of decreasing sea ice extent
in the Arctic Ocean. Beside this negative aspect of global warming, there would be a
new perspective of shipping routes over the Arctic region.

This study aims to argue new Arctic Sea Routes in the light of climate change reality.
Firstly Arctic Region and sea ice concept is defined in order to frame the
study. Subsequently, the Arctic Region’s value is emphasized in terms of maritime
routes. Following to this section, climate change as a global phenomenon’s fact and
figures are shown by graphics and figures. Increasing of temperature reality as a
result of climate change is supported by the ice extent data set. The data set in .csv
format is derived from remote sensing platform between 1979-2014. They are
provided by Colorado University. According to the data set, peak values of ice extent
in summer and winter, seasonal average ice extent values, 10 years period, and 5
years period of ice extent values are analyzed. According to the data, the effects of
climate change to sea ice extent are very serious especially after 2000s. In the
discussion part, the current shipping route of Arctic and the probable new route are
explained. Moreover, the possible risks of Northern Sea Route (NSR) are discussed
both in ecologically and economically. At the end of study, safety precautions are
presented.

Secondary research method has ben selected for this study and mainly up-to-dated
research has been chosen as study sources.

Sea routes are important considering that around %90 of World trade is carried by
international shipping industry. The global climate change caused the melting of sea
ice in the Arctic region especially in the middle of 2000s. This situation brought in
the question if the Arctic region could be navigate. “The Melting Ice Caps and the
Economic Impact of Opening The Northern Sea Route” study showed that NSR
would be used more frequently than today in the near future. But the results of the
Arctic region as a new trade shipping route were not studied yet. Even if the
consumption of money, time and fuel would be decrease, the ecologic balance of the
Arctic region would be affected seriously considering increase of greenhouse gases
emission like CO2 which was one of the responsible of climate change. Since the sea
ice melting trend will not be prevented and the shipping traffic in the Arctic region
will increase, the danger will be irreversible for the world.
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IKLiM DEGISIKLiGi ISIGINDA ARKTIK DENiZCLIiK
AKTIiVITELERININ GELECEGI

OZET

Arktik Bolge, Kuzey Kutbu'nda 66° 33’ 44” enleminin kuzeyinde yer almaktadir.
Arktik kelimesi “ay1” anlamina gelen Yunanca “dpktikog” (arktikos) kelimesinden
gelmektedir. Burada Giines, 23 Eylil - 21 Mart arasinda dogmaz ve 21 Mart-23
Eyliil tarihleri arasinda da batmaz. Bu nedenle burada 6 ay giindiiz 6 ay gece
yasanmaktadir. S6z konusu bolgede sicaklik kislart -40°C civarinda yazlari ise
10°C’nin altinda kalmaktadir. Adin1 Arktik ’ten alan ve Diinya’nin 5. Biiyiik
Okyanusu olan Arktik Okyanusu bolgeyi biiyilk oranda kaplamaktadir. Arktik
Bolge’nin kiyillarinda Amerika Birlesik Devletleri, Norveg, Kanada, Danimarka ve
Rusya bulunmaktadir. Her ne kadar bu bes lilkenin bolgeye sinirlari olsa da bolge
tam olarak bir iilkenin resmi olarak sinirlari i¢cinde yer almamaktadir.

Diinya’nin en ‘“nev-i sahsina miinhasir” bolgelerinden biridir. Her ne kadar
medeniyetten c¢ok uzakta goriinse de sahip oldugu dogal kaynaklar nedeniyle
Ozellikle son donemlerde birgok iilke i¢in cazibe merkezi haline gelmistir. Son
zamanlarda artan niifusun talepleri karsilamada yetersiz hale gelen kaynaklarin bir
kisminin bu bolgeden karsilanabileceginin diisiiniilmesi de bu bolgenin cazibesini
arttirmaktadir. Bununla birlikte bu bdlgenin giindemimizde olma nedenlerinden biri
de hi¢ sliphesiz iklim degisikligidir. Yapilan son calismalar iklim degisikligi
nedeniyle burada yer alan deniz buzullarinin son 20-30 yillik periyodlara gore erime
egiliminde oldugunu gdzler dniine sermistir.

Tiim bu karamsar tabloya ragmen, deniz buzullarinin erimesinin Arktik bolgesindeki
denizcilik aktivitelerine yeni bir ¢erceve kazandiracagi gercegi de goz ardi edilemez.
Bu calismada iklim degisikligi ile beraber olasi yeni Arktik Bolge Deniz Seyir
Rotalar tartisilmistir.

Calismada ilk olarak Arktik Bolgesi ve deniz buzulu kavramlari ¢alismanin
konusunu tasvir edebilmek i¢in agiklanmistir. Deniz buzullarinin literatiirde en sik
karsilasilan 10 farkli ¢esidine sekiller esliginde yer verilmistir. Deniz buzullarini ana
hatlariyla agikladiktan sonra Arktik Bolge’de yer alan deniz buzullart detay:
paylasiimistir. Ozellikle bolgesel ekosistemde 6nemli yer tutan tuzlu su kanallari
(brine channels) bu kisimda ele alinmistir. Sonrasinda bdlgenin deniz tasimaciligi
acisindan 6nemi sadece tarihsel ve cografik olarak degil ayn1 zamanda yonetimsel ve
altyapisal olarak anlatilmistir. Bolgeden gecen dort temel rota; Kuzey-Bati Gegisi
(NWP), Kuzeyli Deniz Rotas1 (NSR), Kutup Asiri Deniz Rotas1 (TSR) ve Arktik
Koprii Rotast (ABR) sekilsel olarak bu boliimde yer almaktadir. Ayni sekilde el
degmemis dogas1 ile bolgenin giderek cazibe merkezi haline gelmesinden sonra,
buraya yapilan turistik yolcu gemilerine de bu béliimde deginilmistir.

Ikinci béliime miiteakip, kiiresel bir fenomen olarak iklim degisikligi konusuna
deginilmistir. Kiiresel egilime goére 2000 ile 2100 yillar1 arasindaki ortalama
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1isinmanin 1.4°C ile 5.8°C arasinda artmasi beklenmektedir. Bu 1sinmanin baslica
sebeplerinden biri olan sera gazlardan karbondioksit seviyesine de calismada yer
verilmistir. Ozellikle karbondioksit seviyesindeki artis, Hawai Mauna Loa
Gozlemevi tarafindan saglanan sekil ile agiklanmistir. Bu boliimde Hiikiimetler arasi
Iklim Degisikligi Panelince 2014 yilinda yaymlanan ve besinci degerlendirme
raporunda yer alan Temsili Konsantrasyon Senaryolar1 (RCPs) ele alinmistir. Her bir
senaryoya 2100 yilindaki olas1 radyotif zorlama degeri {izerinden isim verilmistir.
(RCP 8.5, RCP 6, RCP 45 ve RCP 2.6) Bu senaryolara gore olasi sonuglar
aciklanmaya c¢alisilmistir. Senaryolara gore en iyi ihtimali igeren RCP 2.6, en koti
ihitmal ise RCP 8.5’tir. RCP yaklasimi ardisik degil paraleldir. Ayn1 bolimde iklim
degisikliginin Diinya’nin sogumasi i¢in biiyiik 6neme sahip olan Arktik Bolgesi’ne
etkilerinden bahsedilmistir. Bilhassa kiiresel isinmanin Arktik Buzullarinin erimesine
olan ve yakin gelecekte olacak etkisi son derece ciddidir. Yine bu bdliimde
paylasilan veriler dogrultusunda yeryiizii sicakliginin son iki yiizyilldan ortalama
0.6°C yiiksek olmasi sadece Arktik i¢in degil tim Diinya i¢in O6nemli sonuglar
doguracaktir. Yine bu boliimde Arktik Bolge’de yeryiizli ve deniz yiizeyi sicaklik
anormalilerin en diisiik ve en yiiksek degerleri kombine edilerek grafiksel olarak
belirtilmistir. Tiim bu karamsar yaklasimlarin yani sira bir grup bilimadami Arktik
Amplifikasyonu (Arctic Amplification) adinda bir goriisii de dile getirmektedir. Bu
goriise gore Arktik bolgesindeki 1s1 artiginin pozitif etkileri olacagi varsayillmaktadir.
Buzullarin erimesiyle beraber havadaki karbon emisyonunu azaltacak yeni plaktonlar
bu bolgede yetisebilecektir. Her ne kadar bu goriis farkli temellere dayansa da Arktik
Iklimi’nin kiiresel 1sinma dncesine benzemeyecegi aciktir.

Bir sonraki bolimde ise 1979-2014 yillar1 arasinda deniz buzullarinin uzaktan
algilama ile Ol¢timlenme verileri ele alinmistir. Tartismanin altyapisini saglamak
adina Colorado Universitesi tarafindan saglanan veri setine gére yaz ve kis
aylarindaki en yiiksek ve en diisiik deniz buzul uzant1 degerleri, mevsimsel ortalama
deniz buzul uzanti degerleri ile 5 ve 10 yillik donemlerdeki deniz buzul uzanti
degerleri analiz edilmis ve grafiklerle agiklanmistir. Veri setinin .csv formatindan
aliarak grafiksel ve tablolar halinde anlamlandirilisina da yer verilmistir. So6z
konusu veriler Nimbus7 ve Defense Meteorological Satellite Program (DMSP) adi
verilen iki farkli uzaktan algilama platformu tarafindan olusturulmustur. ilk etapta
verilen ham olarak tablolar ile gosterilmis, tartismanin zeminini olusturacak ve
¢alismanin danigmani tarafindan belirlenen kirilimlarda (mevsimsel, yaz-kis mevsim
karsilastirmalari, en yiiksek ve en diisiik tarihler vb.) data iizerinden ilgili tablo ve
grafikler hazirlanmistir. Yine tiim bu veriler 5 yillik ve 10 yillik siireglerde ayrica
incelenmigtir. Bu tablolara goére Arktik Bolgesi’ndeki deniz buzul uzantilar
genellikle bahar doneminde en yiiksek seviyelere ulasirken, sonbahar doneminde en
diisiik seviyelerdedir. Yillik karsilastirmalar dikkatle incelendiginde ise kritik kirilma
noktasinin 2012’te yasandig1 anlasiimaktadir. Buna gore 2012 yilinda sonbahar ile
ilkbahar arasindaki fark 7.998 1076 km kareyi bulmustur. En diisiik fark ise 1992°de
yaganmustir. Mevsim bazinda veriler incelendiginde ise ilkbahar aylarindaki en
yiiksek deniz buzul uzanti degerinin 1979’da 15.243 1076 km kare iken en diisiik
degerin 2006 yilinda 13.611 1076 km kare ile oldugu goériilmektedir. Yaz mevsimde
ise en yliksek degere 10.328 1076 km kare ile 1982’de rastlanirken en diisiik degere
ise 7.657 1006 km kare ile 2012°de rastlanilmaktir. En diisik degerlerin
gozlemlendigi sonbahar aylar1 yil bazinda karsilastirildiginda, en diisiik deger 6.275
1076 km kare ile yine 2012°de en yiiksek deger ise 11.440 10”6 km kare ile 1978’de
gorilmistiir. Kis aylarinda da yapilan bu gozlemler neticesinde en diisiik degerin
13.212 10”6 km kare ile 2006 yilinda , en yiiksek degerin ise 15.305 1076 km kare
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ile 1987 yilinda oldugu tespit edilmistir. Verilerin 10 yillik periyodlara boliinerek
incelendiginde en diisiik ortalamanin 7.223 1076 km kare ile 4. Periyodunun
sohbaharinda, en diisiik ortalamanin 14.989,26 106 km kare ile 1. Periyodun
ilkbaharinda yasandigi goriilmektedir. 5’er yillik periyodlarda ise benzer sekilde
degerlerin siirekli olarak diisme egiliminde oldugu gézlemlenmektedir. Giin bazinda
bulunan ham veri incelendiginde ise s6z konusu dénemde goriilen en diisiik degerin
tarthi 16 Eylil 2012°dir. 16 Eyliil 2012 Pazar giinii yapilan olgiime gore Arktik
Bolge’deki deniz buzul uzantisi degeri sadece 3.340 1076 km kare’dir. Yine giin
bazinda bu tarihler icinde tutulan ham veride en yiiksek degere ise 1 Mart 1979
Persembe giiniinde rastlanmigtir. Bu gilinde yapilan dl¢lime gore en buzul uzanti
degeri 16.635 106 km kare’dir. Giin bazindaki ham verinin bilgilerine gore Arktik
Bolge’deki s6z konusu donemde ortalama deniz buzul uzantisi 11.455 1076 km
kare’dir. Bu alanda yapilan bir diger ¢alisma ise Helmholtz Climate Initiative’e aittir.
19 Haziran 2002 tarihinden bu yana Arktik Bolge’deki deniz buzul uzantilarinin
degerleri uydu aracilifiyla toplanmaktadir. Buradan saglanan verilere gore de en
yiiksek ve en diisiik degerler 4. Boliimde incelenen verileri konfirme etmektedir.

Calismanin tartisma boliimiinde Oncelikle buzullarda kullanilabilen deniz araclari
aciklanmistir. Bune gore IMO tarafindan belirlenmis buzkiranlar 7 farkli sinifta
kategorize edilir.Arktik Bolge’deki aktif denizcilik rotalarinda seyir bu siiflardaki
buzkiranlar ile yapilabilmektedir. Boliimiin devaminda hali hazirdaki Arktik Bolge
seyir rotalar1 ile olas1 yeni rotalar agiklanmaya calisilmistir. Bununla beraber olasi
yeni rotalarin riskleri hem ¢evresel hem de ekonomik agidan agiklanmaya
calisilmigtir. Calismanin sonunda Arktik sularda seyir operasyonlari, acil durum
ihtiyaclar, deniz trafiginin yonetimi bagliklarinda giivenlik Onlemlerine yer
verilmistir. Bu ii¢ farkli alanda giivenlik ihtiyaclar1 karsilanmadan seyir trafiginin
artmast bu bolge icin geri doniisii olmayan ekolojik tehlikeler yaratabilecegi gibi
bolgeye seyir yapan denizcilerin ve bilimadamlarinin can giivenligi de ciddi tehdit
altinda olacaktir.

Calismada ikincil arastirma yontemi benimsenmis ve genel olarak en giincel
arastirma sonuglari ¢alismanin kaynaklari olarak se¢ilmistir.

Diinya ticaretinin %90 nin deniz tasimacilig ile yapildig1 diisiiniildiigiinde Diinya
Deniz Seyir Rotalari’nin ne denli 6nemli oldugu ortaya ¢ikmaktadir. 2000’11 yillara
kadar Arktik Bolgesi’de var olan zorlu hava kosullar1 ve Arktik Okyanusundaki
deniz buzullar1 nedeniyle bu bolge deniz seyir rotalarinda yer almamaktaydi. Diger
taraftan iklim degisikligi 2000’11 yillarin ortasindan itibaren Arktik Bolgesi’ndeki
deniz buzullarmin erimesine yol a¢mustir. Bu durum bu bdlgenin ticari deniz
rotalarina eklenip eklenemeyecegi sorusunu giindeme getirmistir. Hollanda Ekonomi
Biirosu tarafindan yapilan “Eriyen Buzullar ve Ac¢ilan Kuzey Deniz Rotasi’nin
Ekonomik Etkileri” adli ¢alisma gostermistir ki bu rota yakin gelecekte bugiline gore
¢ok daha fazla kullanilacaktir. Bununla birlikte bu rotanin ticari amaglarla daha sik
kullanilasinin doguracagi ekonomik ve g¢evresel sonuglar heniiz tam olarak
calistimamugtir. Ik bakista her ne kadar para, zaman ve yakit acisindan bir tasarruf
olacag1 ongoriilse de bu yogun ticari deniz trafiginin Arktik Bolge’nin ekolojik
dengesine hig siiphesiz olumsuz etkileri de olacaktir. Ozellikle iklim degisikliginin
bas sorumlularindan karbondioksit oranmnin artmast bu soruyu giindeme
getirmektedir. Deniz buzullarin erime trendi engellenmezse ve Arktik Bolge’deki
yeni rotalar giivenlik Onlemleri olmaksizin kullanima agilir ve sonuglari
diistiniilmeden bu bolgedeki deniz trafigi artarsa, olasi tehlikeler sadece bu bolge igin
degil tiim diinya i¢in kagcinilmaz olacaktir.
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1. ARCTIC REGION

The word “Arctic” is derived from the Greek word “dpkrikog” (arktikos), which
means “near the bear”, in reference to the constellation known as Ursa Major (Big
Dipper) the "Great Bear", which is prominent in the northern region of the celestial
sphere, or to the constellation Ursa Minor, the "Little Bear", which contains Polaris
(the Pole star), also known as the North Star.

The Arctic is a region which is located approximately 66° 34' N and above the
imaginary Arctic Circle. The chart shown as Figure 1.1 clarifies three important
dimensions of the Arctic; the Arctic Circle, the Celcius isotherm and the tree line.
In these area, sun never descents below the western horizon on the summer solstice.
Likewise it does not rise on the winter solstice. Day and night durations are equal to
6 months in North pole. Because sun sets and rises once in a year. But at lower

latitudes, the day and night durations are shorter than North Pole. [1]

Figure 1.1: Dimension of Arctic (NSIDC All About Arctic Climatology and
Meteorology)

The Arctic region is placed in the North Polar Ocean and has a lot of islands such as

Greenland, Victoria Island and others. [2] The United States, Norway, Canada,



Denmark, and Russia are the coastal countries over the Arctic Ocean. Even if these 5
countries have their borders, this region is not owned by any country. [2] As shown
Table 1.1 The Arctic Ocean is in the 5th in size comparison of oceans. Arctic Ocean

is also covered with sea ice varies from winter to summer.

Table 1.1 The Arctic Ocean Comparison (World Atlas, Oceans of World)

Percentage of

Size(million km?) ~ Earth's Total Greatest Average

Depth(m) Depth(m)

Surface
Pacific 155.557 30.5 10,911 4,300
Atlantic 76.762 20.8 8,605 3,300
Indian 65.556 14.4 7,258 3,900
Southern 20.327 4.0 7,235 4,000-5,000
Arctic 14.056 2.8 5,160 1,050

1.1. Types of Sea Ice

Sea ices are classified by their development stages. The stages show the thickness
and age of ice. Most of the scientists define the sea ice types according to its age like
first-year ice or multiyear ice. However, rest of them prefer to define the ice types

with specific terms in order to use them for navigational purposes. [3]

The sea ice terms’ definition has been given at “Glossary of Marine Navigation” [4]
They are anchor ice, bergy bit, blue ice, brash ice, bummock, close pack ice, compact
pack ice, consolidated pack ice, fast ice, first year ice, floe, floeberg, firn, frazil ice,
glacier ice, glaze, glaze ice, grounded ice, hummock, hummocked ice, iceberg, ice-
blink, icefoot, land sky, lead, nilas, nipped, old ice, open pack ice, pancake ice,
polynya, rafted ice, rotten ice, sastrugi, shuga, stranded ice, tabular iceberg, very

close pack ice and water sky. [5]

The sea ice types are derived from their forms. For example; frazil ice, grease ice,
slush and shuga form an ice which is weakly frozen called as new ice. Only when
they are floating, they have a precise form. The form can be seen as in Figure 1. 2
Another type of sea ice is nilas. It’s a slim layer of ice which has up to 10 cm in
thickness. Nilas has two subdivision called as dark and light nilas. (Sea ice types by
australian antarctic division) Dark one’s thickness is less than 5 cm in very dark

color while the light nilas’ thickness is between 5-10 cm as seen as Figure 1.3



Figure 1.2: New ice forming over open water between floes. (Capt. Andy
Armstrong Healy 1202 Research Cruise)

Figure 1.3: Nilas (Swedish Meteorological and Hydrological Institute)

When the ice is between nilas and first-year-ice it becomes young ice like shown in
Figure 1.4. Its thickness is about 10-30 cm. It also has two subdivisions as grey ice
and grey white ice.



Figure 1.4: Young Ice (Don Perovich, 2005 Healy-Oden TransArctic Expedition
(HOTRAX) Cracks in young ice caused by the passage of vessel called the Healy.)

When the ice stand over one winter after being young ice, its thickness becomes
about 30 cm. or more. This kind of ice is called as first-year-ice which is seen as in

Figure 1.5.

Figure 1.5: First Year Ice Young Ice (University of Texas at San Antonio, SIMBA
Website)



Old ice is the ice which stands after one summer melting season at least. Generally
this type is smoother than the first-year-ice. Multiyear ice is a subdivison of old ice.
A multiyear ice is shown in Figure 1.6
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Figure 1.6: Scientists watch from the deck of the U.S. Coast Guard Cutter Healy as
it cuts through multiyear sea ice in the Arctic Ocean on July 6, 2011 (NASA/Kathryn
Hansen)

The sea ice forms are classified by their length. If it is a piece of ice which is

between 30 cm to 3 m in diameter and thickness up to 10 cm, it’s a form called as

pancake ice. Pancake is shown in Figure 1.7.

Figure 1.7: Pancake Ice (University of Texas at San Antonio, SIMBA Website)

Brash ice is another form of sea ice, which is gathering form fragmented of floating

ice. It is about 2 m across and seen as in Figure 1.8


https://nsidc.org/sites/nsidc.org/files/images/news/multiyearice.jpeg

© George Kourounis -

Figure 1.8: Brash Ice (George Kourounis)

If the flat piece of ice is taller than 20 m. across or more, it becomes floe. Floe has
five sub-forms according to its horizontal extent. Ice Floe sample is seen as in Figure
1.9.

Figure 1.9: Ice Floe (Tom and Louisa Shields)
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Fast ice is the ice form, which survives over the coastline. It moves neither with wind

nor water currents. Fast Ice is shown in Figure 1.10.

Figure 1.10: Fast Ice Land (Michael Van Woert, National Oceanic and Atmospheric
Administration/Department of Commerce)

1.2. Arctic Sea Ice

Because of harsh weather conditions in Arctic region, water temperature is cold.
That’s why there is thick ice sheet over the Arctic Ocean surface almost whole year.
Although the conditions do not considered as life friendly, its ecosystem is more

various than expected. [6]

Sea ice has a different structure than pure water ice. The salt inside of sea water
decrease the freezing temperature. The sea water’s freezing temperature is about -

2°C, whereas pure waters’ is about 0°C. [7]
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During the winter , air temperature decreases which cause a thick layer of seawater to
freeze suddenly. Because of drained salt water, the ice layer transforms to pack ice as
a solid unit. During the sea ice formation process, small spaces survive between ice
crystals. These spaces are filled with a salty solution called as brine. Ice crystals and
brine channels form the sea ice. [8] There are plenty of different microorganisms like
bacteria, virus, larvae, worms and micro algae in the water as seen in Figure 1.11
When the temperature decreases the water started to freze with these microorganisms
in the brine channels. The brine channels stay alive during the winter in small tube
forms and they start to expand when the sea ice are getting melt in the spring. [9] The

brine channels begin to inter-connect with each others.

Snow

Sea ice
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Figure 1.11 The flourishing life within the briny habitat of sea ice (Christopher
Krembs, Jody Deming “Sea Ice: a refuge for life in polar sea?”” pmel.noaa.gov)

For the polar microorganisms, the brine channels provide a habitat which build the
basis food net of polar marine ecosystems. Sea ice formation has multiple impacts on
balance of ocean habitat. It affects ocean-atmosphere heat transfer and radiation
balance. Besides that, in the ocean the thermohaline circulation is also changed by
the sea ice formation. This situation helps to the nutrient carriage in there. Because of
these reason mentioned above, as a result of brine channel’s physical and chemical
interaction, they have crucial mission for ocean environment in terms of energy flood

and microbiological creatures’ metabolic growth. [10]

All the winter long, the pack ice, which exists over the Arctic Ocean, expands and
becomes continuous vast sheet during the spring and summer, the pack ice starts to

melt down and divides to smaller pieces. [11] as seen in Figure 1.12



Figure 1.12: The aerial photos of Artic sea-ice cover prior to melt (left) and during
the melting season (right) (Don Perovich)

In Arctic Region, two different types of ice pack exists. They are the winter ice pack
and multi-year ice. The winter ice pack is the a form of annual ice. Annual ice
disappears in the spring and freezes in the fall. Contrary to annual ice, multiyear ice
does not melt in the summer. Multi year ice has also two forms. One of them is
known as the Arctic which is the massive polar pack. It stays in the center of the
Arctic Ocean and moves as a unit in the direction of clockwise. Because of being
unit, it moves very slowly. The other form of multiyear ice is the summer ice pack. It
stands over the permanent polar pack but it separates in the summer. Even if it
separates in the summer it affects these area throughout the year. Because the broken

ice parts obstruct some of the Arctic islands’ channels. [12]
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2. SHIPPING IN ARCTIC REGION

2.1.  Arctic Marine Transport History

At the beginning, Arctic Marine Transportation had been started in ice-free region of
the Arctic Ocean. In the ice-covered western part of Northern Sea Route (NSR)
became the route of transportation at the end of 1970s with some old vessels like
seen in Figure 2.1 This route was navigable almost all the year. The past
transportation studies about relevant regions provide the regulation framework for
transportation to the Arctic Ocean. This studies were not only as a result of
international collaboration but also mutual effort of private and public sectors. [13]

Figure 2.1: Photo of historic ship and dogs on ice (Coast Guard Museum NW / Frye
Collection)
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2.2.  Arctic Marine Geography

In the second half of 20th Century, new scientific observations about Arctic sea ice
had been shared with the public which showed that the extent and the thickness of
sea ice in the Arctic were decreasing day by day. The findings continued in early
21st Century. The simulation of Global Climate Model showed that sea ice
decreasing would continue but the winter sea ice should not melt down. But new
scenarios are more intimidating than before. One of them mentioned that there is a
possibility that within a decade or two the Arctic Ocean will be ice-free all-year
round. [14] In this case there will be no sea ice in the summer including multiyear
ice. On the other hand, this situation will maintain more longer navigation season and
more accessible maritime region over the Arctic which is seen Figure 2.2 and ice

condition will be more easier for marine operation.

Arctic Shlppmg Routes /&
s NoOrth-West Passage (NWP)
m== Northern Sea Route (NSR)
=== Transpolar Sea Route (TSR)
Arctic Bridge Route (ABR)

The
Arctic
Instittite | Carfer for Circuripolar S66 by Sfudias

Figure 2.2: Arctic sea routes (Ref: The Arctic Institue)

The comparison between NSR along Russia’s Arctic border and route along the Suez
Canal shows that the first one is more shorter. This comparison has been proven by

Cosco Shipping’s vessel called as Yong Sheng in August 2013 [15]
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In this case the Arctic Northeast Passage saved 13-15 days than the route through
Suez Canal which means $80,000 in fuel cost savings. The comparison among Cape
of Good Hope, Suez Canal and Northeast Passage is shown in Table 2.1. And the
other benefit of this route is about carrying larger cargos without restrictions.
Panamax ship Nordic Orion is an example such as could able to carry more 15.000
tons of coal navigating thought North-West Passage (NWP) route instead of Panama
Canal. [16]

Table 2.1: Sailing Distances between Asia and Europe (Polar Geography)

Cape of Good Suez Difference between Suez and
From Hope Canal NEP NEP (%)
Yokohama 14,448 11,133 7010 37
Busan 14,084 10,744 7667 29
Shanghai 13,796 10,557 8046 24
Hong Kong 13,014 9701 8594 11
Ho Chi 12,258 8887 9428 -6

Because of the shorter route, fuel consumption of vessels will decrease obviously;
while as emission of Carbon Dioxide (CO,) will reduce. Speed of vessels will be
slower because of bad sea and weather conditions. This situation will provide fuel

efficiency to the vessel in addition.

2.3.  Governance of Arctic Shipping

The Arctic marine navigation governance is based on the United Nations Convention
on the Law of the Sea (UNCLQOS), which framework is provided by The Law of the
Sea. It allows coastal states the right to adopt and enforce non-discriminatory laws
and regulations for the prevention, reduction and control of marine pollution from

vessels in ice-covered waters. [17]

As United Nations (UN) Agency The International Maritime Organization (IMO) has
responsibility to regulate the international maritime industry. IMO published
Guidelines for Ships Operating in Arctic Ice-covered Waters voluntarily. This
guideline is in progress. The another international player in maritime domain called
as The International Association of Classification Societies (IACS) has established
non-mandatory Unified Requirements which define the standards of ship
construction of the Polar Classes. This requirements are compatible with the IMO
Guidelines. [18]
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Even if these kindly initiatives, still there is no unique standards for Arctic safety
especially for mariners survival. [19] Besides that lack of mandatory environmental
clauses is another issue for Arctic waters. For marine safety and environmental
protection in Arctic waters, reflection of UNCLOS could be a solution for the
stakeholders. The possibility of marine traffic is increasing in Arctic as mentioned
previous section. That means; not only safety and environmental pollution in Arctic
but also new species introducing and pathogens from vessel via ballast water will be

discussed eventually. [20]

In polar conditions, it is not possible to mention an international regulation for ice
navigators and specific emergency rescue plans for mariners. Differently from the
other oceans, there is not any precise rules by IMO to protect the environment from
ships navigating in Arctic Ocean. Creating the global standards, which is in line with
current international legal structures like UNCLOS, could provide the maximum
safety for mariners and environment in Arctic region. Increasing marine traffic in
Arctic could cause to carry alien species and pathogens by ballast water.

Uncontrolled ballast discharge can be harmful to Arctic ecosystem. [18]

2.3.1. Environmental considerations and impacts

Being more accessible to Arctic region because of long season of navigation has also
some inconveniences in terms of environment. Releasing oil accidental or illegal
discharge from the ships is the most possible menace to the Arctic environment. [21]
The other probable threats can be related to marine mammals, alien species and
anthropogenic noise which route cause is shipping actions in the Arctic region. [20,
p. 186] Moreover, carbon emissions from ships can cause ice melting in this region.
Besides that Sulfur Oxides (SOx) and Nitrogen Oxides (NOx) emission of ships may
have some unforeseen results for the Arctic. This consequences support to have new
guidance or regulation especially environmental domain which can be released by
global authority like IMO. [18]

2.4. Arctic Marine Infrastructure

The absence of marine infrastructure in the Arctic is very obvious regarding to heavy
ship traffic region of the World. The Norwegian coast and northwest Russia along
the Arctic are the exception for this statement. Lack of hydrographic data in the
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significant part of essential vessel routes is important to maintain proper navigation.
[22] Like the other oceans, the Arctic Ocean’s meteorological and oceanography data
should be improve to provide more safe navigation. Especially sea ice and iceberg

information would be very useful to have more safe shipping in Arctic Ocean.

On the other hand, life saving plan and diminution of pollution in case of emergency
Is another area which is open for improvement except restricted part of he Arctic.
Communication via radio and satellite in the Arctic region is restricted and there is
limited monitoring and controlling system related to shipping traffic in ice-covered
area. The heavy sea and weather conditions make more difficult to build emergency

response center in this region compared to the other oceans. [23]

2.4.1. Bulk transport of ore, oil and gas

Regarding to Arctic Marine Shipping Assessment (AMSA) Report, transportation of
some bulk cargoes like oil, gas and different type of ore is an important part of whole
Arctic ship traffic in quantity of cargo carried. [18] In Figure 2.3, a bulk carrier
which can navigate over the Arctic sea ice, is shown. The Arctic has rich
underground sources like zinc, nickel, the other ores and oil and gas producing fields
in some coastal area over the Arctic. [24]The Red Dog mine in Alaska and The
Norilsk Nickel mine in Russia are worldwide resources in terms of zinc and nickel

and palladium production. [25]

Figure 2.3: An Arctic vessel (Environment Canada Photo)
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Since Arctic has very rich sources, the bulk shipping traffic is mainly internationally
outbound. Especially exploration of new natural resources in area became a popular
industry. Early 2000s, Russia and USA has initiated this industry. Russia made a
bulk oil shipment with an icebreaker vessel called as Varandey in Russian Arctic in
2004. USA had a different attitude than Russia, like conducting offshore lease sale in
US Arctic area. The total amount was about 2.7 billion $. And this is meant to be
used for Arctic region development. This Project was driven by U.S. Minerals

Management Service. [26]

The latest development was about commercial mass shipping navigation in 2013.
The very first passage through the NWP has been achieved successfully in the
summer of 2013 by eastward transit of a commercial ship. The opposite passage

along the westward has been done by another vessel in the next year. [27]

2.4.2. Fishing

Arctic water is very feasible to fishing. It’s one of the more fruitful area in the
World. That’s why fishing has an importance section inside of all vessel traffic. Even
if there is no up-to-date or regular database according to fishing counts, this area is
very well known commercial fishing is inevitable part of the Arctic waters. Actual
amount of fishing activity in these area is underrated in AMSA report. Bering and
Barent seas, Greenland, Iceland and Faroe Islands are the most popular fishing

sections according to the reports.

As shown in the Figure 2.4, Arctic Ocean and the Canadian Arctic Archipelago are
the areas which are not very common used for fishing. [28]

Moreover commercial fishing in the global water of the Arctic Ocean is prohibited
by five coastal countries in the Arctic Ocean. The Declaration Concerning the
Prevention of Unregulated High Seas Fishing in the Central Arctic Ocean was signed
in Oslo on 16th of July 2015. The declaration limited commercial fishing in Arctic
Ocean. The reason of this limitation is to prevent uncontrolled fishing over the Arctic
waters. Declaration was welcomed by the experts who were worried about ecosystem

of Arctic region especially after NASA report. [29]
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Figure 2.4: Arctic sea fishing regions (Marine Fishes of Arctic)
2.4.3. Passenger vessels and tourism

The Arctic region is one of the attraction center in the World for whom would like to
experience its untouched nature. According to AMSA database tourism is another
important activity in the region. This report includes ferry services, small and large
cruise vessels and any other vessels which are used to transport the people. Even if
the number of people who visited the North, mass tourism is about to develop day by
day. According to the report which is published by Ottawa university called as

“Cruise Tourism in Arctic Canada”, common concerns were management, safety and
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security, infrastructure provision, economic development and protecting Arctic
environment and people. [30] In other areas, such as Alaska and the Canadian Arctic,
ferry services are non-existent and all passenger traffic would be vessels for marine

tourism only.
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Figure 2.5: The Crystal Serenity, pictured off the coast of Norway's North Cape.
(Crystal Cruises)

Enjoyable weather, an interesting natural landscape and biodiversity are the common
points of attraction for the tourism. [31] The tours for Arctic regions do not address
to only adventurer but also to tourists who would like to have high standards. The
cost of an Arctic journey with the Cruise shown in Figure 2.5 starts from 20.000$ up
to 44.000% per person. Passengers of this cruise will have chance to explore Arctic
wild life due to weather and ice conditions. This tour’s claims that its’ aim to
enlighten the guests about climate change. But on contrary, some green activists
mention that this kind of cruise would cause carbon footprint three times bigger than

an airplane. [32]
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3. CLIMATE CHANGE

Since 1950, this trend of global surface temperature has raised and according to the
Third Assement Report of Intergovernmental Panel on Climate Change (IPCC), the
temperature of 100-year trend between 1906-2005 is more than the temperature of
the 1901-2000 years period. The increase ratio from 1850-1899 to 2001-2005 is
0.76°C + 0.19°C and the average warming rate is almost twice the last 100 years
when 0.13°C + 0.03°C per decade is taken into consideration. [33] In this Figure 3.1
trends in mean surface air temperature are shown between 1960 to 2011. The Arctic
region is indicated by red because the air temperature has raised more than 2° C

which is more comparing the rest of the World.

_Annual D—N L—0TI(°C) Change 1960—2011

Figure 3.1: Temperature Trends in World (NASA GISS)
3.1. Global Trend

The projected effects on the warming is 1.4°C to 5.8°C between 2000 and 2100. [34]
This projection will influence a lot of water related domains like ocean currents, the

precipitation volume and sea level all over the World. Undoubtedly this situation will
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have some effects on human life and ecosystem. [35] The global temperature trend is
shown in Figure 3.2.
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Figure 3.2: Global Temperature Trends (Intergovernmental Panel on Climate
Change)
One of the responsible of global warming is greenhouse gas (GHG) releases. Burning
fossil fuels is the most used source to supply the energy need in the World. The
usage ratio of fossil fuels as an energy supply is about 80%. The side effect of
burning fossil fuels is long-standing raised of CO, amount in the air. In spite of
corrective action to decrease CO, emission, it will remain in the atmosphere for
centuries and it take a long time to disappear. [36] The CO, monthly update values of
Mauna Loa Observatory, Hawaii shows the global CO, trends as seen in Figure 3.3
the dashed red line with diamond symbols represents the monthly mean values,
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centered on the middle of each month. The black line with the square symbols
represents the same, after correction for the average seasonal cycle.
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Figure 3.3: Monthly mean CO, measured at Mauna Loa Observatory, Hawaii.
(Monthly mean CO, measured at Mauna Loa Observatory, Hawaii. )
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Figure 3.4 Annual Mean Growth Rate of CO, at Mauna Loa
(http://www.esrl.noaa.gov/gmd/ccga/trends/gr.html)
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The Figure 3.4 shows annual mean carbon dioxide growth rates for Mauna Loa. In
the graph, decadal averages of the growth rate are also plotted, as horizontal lines for
1960 through 1969, 1970 through 1979, and so on.

During this process there will be climate changes and their effects for centuries. [37]
The past records of sources such as ice cores determine that present warming level is
further than natural order.

For its Fifth [5th] Assessment Report in 2014, the IPCC adopted four possible
greenhouse gas concentration scenarios in order to predict the future of global
warming. They have replaced the Special Report on Emissions Scenarios (SRES)
which had been published in previous reports. [38] Since climate change has various
effects, there are some different groups of study which use climate change outcomes

in their exploration.

Each RCP contains some socio-economic hypothesis like energy sources, population
growth, economic facilities etc. up to 2100. This scenarios also have real world
evidences and historic background. The possible scenarios describe four potential
climate futures. Each one designs different pathway of emission and cumulative
emission concentration by 2100. This pathways have a different approach from
previous studies; RCPs’ approach is not sequential, it is parallel. Because of this
reason the RCPs are not linked with exclusively socio-economic hypothesis or
emission plots. RCPs are different combination of economic, technological,
demographic, policy, and institutional futures. [39] Besides RCPs The Extended
Concentration Pathways (ECP)s also exist regarding to this study. These pathways

include possible scenarios until 2300. [40]

In order to focus this study’s objective, RCP 2.6, RCP 4.5, RCP 6 and RCP 8.5 will

be reviewed.

The ‘best case’ situation is designated as Representative Concentration Pathways
2.6. (RCP 2.6.) The ‘worst case’ scenario is RCP8.5. The two others are RCP4.5 and
RCP6. The values of +2.6, +4.5, +6.0, and +8.5 W/m2) are based upon the
hypothesized values in the year 2100. The ‘best case’ scenario assumes the annual
global greenhouse gas emissions peak between the years 2010 and 2020, with a
decline in emissions following. The RCP4.5 emissions hit the highest point in the

year 2040 and then fall off, while the RCP6 emissions top out in the year 2080 before
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diminishing. In the ‘worst case’ scenario, the RCP8.5 emissions continue to rise past

the end of the 21st century. [41]

3.2. Climate Change Effects in Arctic Region

The temperature of the Arctic is getting higher comparing to the other region of the
World over the past three decades. Scientists agree that Arctic climate is changing
because of human activities that warming weather temperature all around the earth.
[42]

The Arctic climate change is expected to ruin the balance on the earth in terms of
ecology, economy, sociology, physical and politics. Also this changing will increase

sea levels by melting sea ice.

2010 was a milestone to the Arctic region. Because National Oceanic and
Atmospheric Administration (NOAA) reported that the air temperature was
measured as 4° C higher comparing to period of 1968 to 1996. [43] Sea ice in the
Arctic melts till middle of the September. Over the past three decades sea ice area in
Arctic region has decreased %30 in September according to satellite data. Satellite
data also determine that snow cover in the Arctic has reduced, when the glaciers in
Denmark and Canada are melting down. Moreover, frozen part in the Arctic has
started to dissolve. The scientific exploration of climate change in Arctic was in the
1970s. And the observation continued in early 1980s. [44]

Normally, the Arctic region supports to cool the World. This region’s giving and
absorbing heat capacity make the other regions more cooler. Comparing the giving
amount of heat to the absorbing shows that the first one is much greater. So climate
change in Arctic’s impact cause serious result climate all over the World. Earth
surface temperature is 0.6°C on average higher than the last two centuries. [34] This

changing on climate has also another effect over the CO, levels.

Model simulations of Arctic sea ice extent for September (1900-2100) based on
observed concentrations of heat-trapping gases and particles (through 2005) and four

scenarios.

Colored lines for RCP scenarios are model averages (CMIP5) and lighter shades of

the line colors denote ranges among models for each scenario. [45]
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Figure 3.5: Projected Arctic Sea Ice Decline. (CMIP)

Shown in Figure 3.5 dotted gray line and gray shading denotes average and range of
the historical simulations through 2005. The thick black line shows observed data for
1953-2012. These newer model (CMIP5) simulations project more rapid sea ice 10ss
compared to the previous generation of models (CMIP3) under similar forcing
scenarios, although the simulated September ice losses under all scenarios still lag
the observed loss of the past decade. Extrapolation of the present observed trend
suggests an essentially ice-free Arctic in summer before mid-century. The Arctic is
considered ice-free when the areal extent of ice is less than one million square
kilometers. The RCPs are in agreement with a large number of human-induced
greenhouse gas footprints. The four RCPs are correspond well with certain socio-
economic hypothesis. However they have to be replaced by the shared socio-
economic pathways that are expected to ensure future scenarios within each RCP.
[45]

Even if it is not very easy to guess the future of climate in Arctic, some of the
scientists’ perspective is more optimistic. “The Arctic Amplification” is a less
pessimist phenomenon of the Arctic climate change. [46] According to the arctic
amplification, there might be some positive results like decreasing the effects of
warming; as long as temperature of Arctic region warmer, the area will be more

favorable to grow up plankton that reduce carbon emission from the air. No matter
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the positive feedback effects surpass the negative effects, it’s clear that Arctic
climate will not be the same as before global warming.

Warming trends are proven by three global estimations. The other consistent source
is between Sea Surface Temperature (SST) and nighttime water air temperature. The
SST anomalies in Arctic are seen as Figure 3.6. There is an intense warming issue in
the Arctic that is twice the rest of the World. After the industrial revolution, the
warming accelerated due to the human activities. As a result, CO, volume in the

atmosphere is %35 higher than before industrial revolution. [36]

Annual Arctic Ocean Sea Surface Temperature Anomalies
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Figure 3.6: Annual Artcitc SST Anomolies. (Bob Tisdale Climate Observations)

In Figure 3.7 and 3.8 the graphics show that comparing of minimum and maximum
values of ice extents and Arctic region temperature anomalies by years.
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Figure 3.7: Combined Land-Surface Air Temperature and Sea Surface Water
Temperature Anomolies 64N-90N with Min. Ice Extent
(http://data.giss.nasa.gov/gistemp/tabledata_v3/ZonAnn.Ts+dSST.txt )
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Figure 3.8: Combined Land-Surface Air Temperature and Sea Surface Water
Temperature Anomolies 64N-90N with Max. Ice Extent
(http://data.giss.nasa.gov/gistemp/tabledata_v3/ZonAnn.Ts+dSST.txt)

Besides the connections between ozone depletion and climate change, another
problem is the depletion of the stratospheric ozone layer that chlorofluorocarbons
and other manmade chemicals cause. [47] For example, climate change delays the
recovery of stratospheric ozone over the Arctic and changes its structure with

ultraviolet radiation, and related impacts in the Arctic as shown in Figure 3.9. [48]

Figure 3.9: Cold weather and a strong stratospheric vortex have allowed a deep
Arctic ozone hole to open up. (Science Mag)
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4. DATA ANALYSIS OF SEA ICE EXTENT FOR ARCTIC

The scientific studies observed that there is a link between increase of carbon dioxide

level and climate change. As mentioned before, the surface temperature is getting

increase everyday. The human activities like burning of fossil fuels and clearing land

motivate to rise the concentration of greenhouse gases like CO,, methane etc.

CO, concentration is %35 higher than pre-industrial revolution age while the global

average temperature is plus 0.6 °C. This facts present that industrial revolution has

effected both the CO, concentration and risen global average temperature. The

international scientists agree that main reason of these fact derive from human

activities especially over last 50 years. [49]

Following tabular values of Arctic Ice Extent and them graphics are derived from

dataset of source web link. [50] The data capturing process is seen as below in Figure

4.1- Figure 4.4
=TT
Ie‘: (@& ftpy//sidads.colorado.edu/DATASETS/NOAA/GO2135/t O ~ & || @ McAfee Web Gateway - No... v
Directory Listing
FTP Directory Listing: ftp://sidads.colorado.edu/DATASETS/NOAA/G02135/north/daily/data/
Last modified Size  Name
Parent Directory
06/Jul/2016 09:21 S.3 KB =5l et gl ol o 1021 -2010 w2.csv
09/0ct/2016 05:26 1.9 MB ﬁ sealce extent final v2.csv
09/0ct/2016 05:26 39.5 KB NN sealce extent nrt_vZ.csv
Requested url: fip.//sidsds.colorado.edu/DATASETS/NOAA/GO2135/north/dsily/dats/
Figure 4.1: Web site directory via web page
- a4 Mmoo R o

Figure 4.2: Raw data is loaded as .csv format

27




HiEEE BQAl= NH_sesice_extent final_data_graphs.xisx [Read-Only] = Microsoft Excel
Home Insert Page Layout Formulas Data Review View
& cut . oA — . *j A A Fhe FEH T Autosum - W
B = Catibri 1ov A A (=] ®  Siwaptet General & ﬁ‘iﬂ l—:ﬁ & [ o 2 E?a
P | oo | £ T B2 B ot~ B % 0|3 guomrm fomn Cu | e oo e G, e S
Clipboard o Font 3 Alignment u Humber y Styles Cells Editing
K19 M fe -
A B © D E F G E
1 |Year (¥Yi-1|Month (MN ~ | Day (D[ ~ | Season ~ |Extent (1046 sq km) [~ | Missing (107~ | Source Data ( Product web site: http://nsidc.org/data/nsidc-0051. html) MlE
2 1978 10 26 Autumn 10.231  0.000 /Jdisks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfe/north/daily/1978/nt_19781026_n07_v01_n.bi
3 1578 10 28 Autumn 10420 0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfc/north/daily/1978/nt_15781028_n07_vol_r
a 1578 10 30 Autumn 10557 0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfc/north/daily/1978/nt_15781030_n07_v01 n.|
5 1978 1 1 Autumn 10.670  0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfe/north/daily/1978/nt_19781101_n07_vO1
6 1578 1 3 Autumn 10.787  0.000 fdisks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfc/north/daily/1978/nt_15781103_n07_v01 n
7 1978 11 5 Autumn 10.968  0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfe/north/daily/1978/nt_19781105_n07_vO01_
8 1578 1 7 Autumn 11080 0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfc/north/daily/1978/nt_15781107_n07_v0l_r
9 1978 1 9 Autumn 11189 0.000 Jdisks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfe/north/daily/1978/nt_15781109_n07_vO1 n
10 1978 1 11 Autumn 11317 0.000 Jdisks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfe/north/daily/1978/nt_19781111_n07_vO1_r
1 1578 1 13 Autumn 11460  0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfc/north/daily/1978/nt 15781113 n07_v01 r
12 1978 11 15 Autumn 11539 0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfe/north/daily/1978/nt_19781115_n07_v01_n.
13 1578 1 17 Autumn 1168  0.000 /disks/archive/nsidcD051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfc/north/daily/1978/nt_15781117 n07_vOl r
14 1978 1 19 Autumn 11874 0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfe/north/daily/1978/nt_15781119_n07 vOl r
15 1978 1 21 Autumn 12.060  0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfe/north/daily/1978/nt_19781121_n07_vO1_n.|
16 1578 1 23 Autumn 12282 0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfc/north/daily/1978/nt_15781123 n07_v01 n.bi
17 1978 11 25 Autumn 12441 0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfe/north/daily/1978/nt_19781125_n07_v01_n.
18 1578 1 27 Autumn 12662 0.000 /disks/archive/nsidcD051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfc/north/daily/1978/nt_15781137 n07_v01 n|
[19] 1978 1 29 Autumn 1269  0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfe/north/daily/1978/nt_15781129 n07 vOl r
20 1978 12 1 Winter 12.725  0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfe/north/daily/1978/nt_19781201_n07_vO1_n.
2 1578 12 3 Winter 12.660  0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfc/north/daily/1978/nt_15781203_n07_v01 r
22 1978 12 5 Winter 12785  0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfc/north/daily/1978/nt_19781205_n07_vO01_r
23 1578 12 7 Winter 13.051  0.000 /disks/archive/nsidcD051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfc/north/daily/1978/nt_15781207 n07_v01i n
2 1978 12 9 Winter 13.143  0.000 /disks/archive/nsidc0051_gsfc_nasateam_seaice/v1.2015-11-03/final-gsfe/north/daily/1978/nt_15781209_n07_vOl r 3
R e TSl M seaice_extent final dota AN e T e TR |
Ready | {+)
Figure 4.3: Data explanation phase in .xlsx format by text the columns
HFEEN @&l= NH_sezice_extent final_data_graphsalsx [Read-Only] - Micrasoft Excel |
Heme | Insert Page Layout Formulas Data Review  View o @ o P |
=] % cut . . = . }H =) 7 Fm T I Autosum - ﬁ?
B [ — Calibri 1 - ¢ wrap Text Number g %Eﬂ' gﬂ‘ = o [ o 7 }a
e iveseacotor-| B % o ) Sdlow famn G| e D om | 5, g [t
Clipboard £l Font . Alignment gl Number &l Styles Cells Editing
F13 - F| =STDEV.P(SES2:SE$37)
A B c D E F G H 1 J K L ™M N o P a R 5 T u
1 Year (YYYY) | Month (MM) |Day (DD)| Season | Extent (1046 sq km) | 1 Standart Deviation 154 +lsd Comment
2 1979 9 21 Autumn 6.895 1007 5.888 7902
3 1980 9 5 Autumn 7533 1007 6.526 8540
a| 1m 9 10 |autumn 6902 1.007 5895 | 7909 5.000
5 1982 9 13 Autumn 7.160 1007 6.153 8167
6 1983 9 8 |Autumn 7.204 1007 6197 | 8211 8.000
7 1984 9 16 Autumn 6.396 1007 5.389 7403 2.000
8 1985 9 9 Autumn 6.486 1007 5479 7483 -
o 198 3 6 [Auwmn 7122 1007 615 | 812 £ —
10 1087 B 2 [Auwmn 6.850 1.007 5883 | 7897 g
11| 1988 9 11 [Autumn 7048 1007 6041 | 8055 g5
12| 1989 9 22 [Autumn 6.888 1.007 5881 | 7895 = 2000
13 1990 9 21 Autumn 6.011 1007 5.004 7018 i
14 1991 9 16 Autumn 6.259 1007 5352 7.266 : 3.000
15 1om B 7 |Auumn 7.159 1.007 6152 | 66 ¥ e
16 1993 9 13 Autumn 6.161 1007 5154 7168
17 1934 9 5 Autumn 6934 1007 5927 7541 1.000
18 1995 9 7 Autumn 5.990 1007 4383 5957
D 1298 2 = Auamn 1187 L1007 8140 8154 ¢ 1979 1981 1983 1385 1987 1989 1991 1993 1995 1597 1959 2001 2003 2005 2007 2009 2011 2013
20 1997 9 3 Autumn 6.602 1007 5.595 7609
21 198 B 17 |Autumn 6.293 Lo07 5.286 | 7300 Years
22 1993 9 12 Autumn 5.676 1007 4669 6.683 ASd —B—Extent (10%6 sqkm) +15d
23 2000 9 11 Autumn 5843 1007 4836 5.950
24 2001 9 19 Autumn 6.567 L1007 5.560 7574
25 2002 9 18 Autumn 5.625 1007 4618 6632
26 2003 9 17 Autumn 5969 1007 4962 6976
27 2004 9 18 Autumn 5.770 1007 4763 6777
28 2005 9 20 Autumn 5.314 L1007 4307 6.321
2006 9 14 Autumn 5.746 1007 4739 6753 1
4 4 » M| compare_ice_extent_and_airtemps NH_seaice_extent_final_data Land-Ocean Temperature | minimals_of_years -~ maximals_of_years mean_values_of_summers mﬂ 4 M ] [
—

Figure 4.4: Data preparation to make the graphics

4.1. Analysing of The Source Data

The data which is analysed in this study provided by remote sensing platforms called
as Nimbus-7 and the Defense Meteorological Satellite Program (DMSP) as shown in
Figure 4.5 and Figure 4.6. The data are provided in the polar stereographic projection
at a grid cell size of 25 x 25 km. The used sensors are Scanning Multichannel
(SMMR) with  Nimbus-7
Microwave/Imagers (SSM/Is) and Special Sensor Microwave Imager/Sounder
(SSMIS) with DMSP. The spatial resolution is 25 km. The data are generated by

Microwave Radiometer and Special Sensor

28



brightness temperature with NASA Team algorithm. SMMR is used between
November 1978 and June 1987 while SSM/I ise used between June 1987 and
December 2007. The last used sensor SSMIS is used after December 2007. [51]

Figure 4.6: Nimbus-7 Image (NASA)

Analysing of the source data for 5 years segmented, seasonal averages of ice extents,

peak and mean values of summer and winter values for between 1979 and 2014.
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4.1.1.Segmented data of source table

In table 4.1, data are grouped at 5 years and 10 years period by seasons.

Table 4.1: Segments of yearly seasonal average values of source data.

Segments Years Extent (1076 sq km)

12;2%"3 SP;?SES Years Spring Summer Autumn Winter
1 1 1978 No Data No Data 11440,39 13672,69
1 1 1979 15243,37 10294,52 8911,239 14954,2
1 2 1980 15113,85 10096,78 9405,957 14790,2
1 2 1981 14799,07 10130,91 8975,2 14586,04
1 2 1982 15186,3 10328,41 9449,674 14912,39
1 2 1983 14888,13 10303,59 9396,622 14699,37
1 2 1984 14704,87 9919,152 8736,222 14231,72
2 3 1985 15123,26 9787,609 8751,761 14391,61
2 3 1986 14753,24 9990 9449,2 14586,07
2 3 1987 14949,13 9588,233 9182,473 15305,29
2 3 1988 14877,74 9858,815 9276,835 14696,62
2 3 1989 14265,3 10061,74 8982,385 14582,92
2 4 1990 14580,23 9202 8566,725 144526
2 4 1991 14580,35 9652,739 8631,934 14151,23
2 4 1992 14455,5 10109,82 9389,758 14483,03
2 4 1993 14749,34 9535,5 8833,253 14598,76
2 4 1994 14686,53 9836,848 9057,187 14486,6
3 5 1995 14216,43 9040,5 8209,319 14212,38
3 5 1996 14143,63 10121,75 9049,802 14041,73
3 5 1997 14400,83 9453,511 8566,462 14272,58
3 5 1998 14691,13 9519,739 8475,901 14363,77
3 5 1999 14740,49 9472,859 8506,451 14062,98
3 6 2000 14309,27 9424,761 8316,231 13974,62
3 6 2001 14625,1 9305,913 8559,857 13926,73
3 6 2002 14205,3 9125,761 8110,868 14032,2
3 6 2003 14335,87 9227,554 8027,912 14019,54
3 6 2004 13844,58 9220,478 8082,604 13807,66
4 7 2005 13893,74 8677,25 7686,967 13388,9
4 7 2006 13611,57 8600,043 7685,813 13212,52
4 7 2007 13720,99 8135,239 6681,912 13380,2
4 7 2008 14166,28 8571,424 7458,846 13706,24
4 7 2009 14219,01 8611,359 7313,527 13602,71
4 8 2010 14215,75 8152,065 7152,44 13343,86
4 8 2011 13774,78 7961,87 6927,418 13292,32
4 8 2012 14274,16 7657,424 6275,484 13405,02
4 8 2013 14107,28 8470,707 7533,176 13497,26
4 8 2014 13846,1 8377,761 7519,143 13441,04
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5 Year Periods of Ice Extent Values
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Figure 4.7: Five years period segmented ice extent values graphic of source data.

Like seen in the Table 4.1, the extent volume is in decreasing trend clearly since
early 2000s.

Table 4.2: Five years period segmented ice extent values table of source data.

Ige:(ig?jrs Avg of Spring  Avg of Summer  Avg of Autumn C\V\ﬁgt?rc
1% Period 15.243,37 10.294,52 10.175,81 14.313,45
2" Period 14.938,44 10.155,77 9.192,73 14.643,94
3" Period 14.793,73 9.857,28 9.128,53 14.712,50
4" Period 14.610,39 9.667,38 8.895,77 14.434,44
5" Period 14.438,50 9.521,67 8.561,59 14.190,69
6" Period 14.264,02 9.260,89 8.219,49 13.952,15
7" Period 13.922,32 8.519,06 7.365,41 13.458,12
8" Period 14.043,62 8.123,97 7.081,53 13.395,90

Table 4.2 and Figure 4.7 shows the average ice extent values of Arctic Ocean by five
years period. The first 5 years period is not included because of not having enough
data. Generally the decreasing trend is observed. Except the average of spring at 7th

5 year period, the other seasons’ average is the minimum at the 8th five-year period.
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10 Year Period of Ice Extent Values
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Figure 4.8: Ten years period segmented ice extent values graphic of source data.

Table 4.3: Ten years period segmented ice extent values table of source data.

T?Dne:i(ggrs Avg of Spring Avg of Summer Avg of Autumn Avg of Winter
1% Period 14.989,26 10.178,89 9.473,61 14.549,52
2" Period 14.702,06 9.762,33 9.012,15 14.573,47
3" Period 14.351,26 9.391,28 8.390,54 14.071,42
4" Period 13.982,97 8.321,51 7.223,47 13.427,01

In Figure 4.8 and Table 4.3 the decreasing trend is shown by 10 years period. The
most obvious decreasing value trend is between the 3rd and 4th 10 years period. The
1st 10 years period is not included because of not having enough data.

4.1.2.Seasonal average values of Arctic ice extents

The Arctic Ice Extent values are decreasing yearly because of global warming as
seen at the Table 4.1. If seasonal changes of Ice Extent by years are examined, the
values are also showing trend to decrease. Results indicates that the highest average
value of ice extent occurs in winter of 1987. Autumn of 1995 is the year in which the
average ice extent is at minimum level since 1979. The second certain decrease is

seen at the winter of 2007. But the minimum value is in 2012.
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Seasonal Averages of Ice Extent
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Figure 4.9: Graphic of seasonal average values of ice extent by years.
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Figure 4.10: Graphic of spring average values of ice extent by years with standard
deviations and trendline.
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Figure 4.9 shows that the ice sea extent is at highest value generally in spring and at
the lowest value in autumn. The average seasonal difference between spring and
autumn is 6.090 10”6 sq km. There are 15 years in which the difference is above than
the average rate. Except 4 of them are before 2000s. 2012 is the year in which the
difference between spring and autumn is 7.998 1076 sq km as the highest value in the
chart. The lowest difference has been occurred in 1992 as 5.065 1076 sq km.

The spring is generally the season that the ice extent volume is at highest value
except 1987, 1989 and 1992. Figure 4.10 shows that the average value of springs is
14.378 1076 sq km. The highest value is 15.243 1076 sq km. in 1979 while the
lowest value is 13.611 10”6 sq km. in 2006. The years in which ice extent values are

below the average are mostly after 2000.
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Figure 4.11: Graphic of summer average values of ice extent by years with standard
deviations and trendline.

The summer average value of sea ice extent is 9.228 1076 sq km. As shown in Figure
4.11 the highest value is 10.328 10”6 sq km. in 1982 while the lowest one is 7.657
1076 sq km. in 2012. Only 1990 and 1995 are the years in which the value of sea ice

extents are below the average.
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Figure 4.12: Graphic of autumn average values of ice extent by years with standard
deviations and trendline.
Average Extent by Winters of Years
16.000
15.500 M )l
15.000 v R ,\/\')KV
E oo LT R—AN % * o
o 14. ‘9"‘
I AVART AN
S 14.000 - X K . - _
=)
: Y,
£ 13.500 W
x
& l W"\Zz 74
[}
- 100 vﬁw
12.500
12.000 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
1978 1981 1984 1987 1990 1993 1996 1999 2002 2005 2008 2011 2014
Years
e=C=== Average Extent (1076 sq km) -1Sd +1Sd Linear (Average Extent (1076 sq km))
Figure 4.13: Graphic of winter average values of ice extent by years with standard

deviations and trendline.
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The autumn are the season in which the values are in the lowest volume. Figure 4.12
shows that the average sea ice extent is 8.288 106 sq km. The highest value is
11.440 1076 sq km. in 1978 while the lowest one is 6.275 10”6 sq km. in 2012. The
one and the only year is 1995 in which the value of ice sea extent is below the

average before 2000.

The average sea ice extent value in winters is 14.041 1076 sq km. which is shown in
the Figure 4.13. The highest value is 15.305 1076 sq km. in 1987 while the lowest
one is 13.212 10”6 sq km. n 2006. Generally the average value of winters is the
second row after the springs among the seasons exceptionally in 1987, 1989 and
1992. In the mentioned years, the average value of sea ice extent of winters are

higher than the springs’ value.

4.1.3.Min., max. and mean values of summers and winters values

When the values of minimum, maximum and mean values of summer and winter are
derived from dataset, there would be seen decreasing of ice extent as shown in Table
4.4. So the effects of global warming are approved from Arctic Ice Extent values.

1978 values are not included because of not having enough data.

Table 4.4: Arctic ice extents yearly minimum, maximum values and meanly values
of summers and winters.

Arctic Ice Extent (10”6 sq km)

Mean Values of Mean Values of

Minimals Maximals Summers Winters
1978 10.231 14.604 No Data 13.682
1979 6.895 16.635 10.256 14.968
1980 7.533 16.302 10.203 14.771
1981 6.902 15.801 10.127 15.484
1982 7.160 16.325 10.264 14.901
1983 7.204 16.412 10.214 14.648
1984 6.396 15.809 9.929 14.237
1985 6.486 16.163 9.839 14.421
1986 7.122 16.158 10.010 14.628
1987 6.890 16.293 9.580 15.299
1988 7.048 16.309 9.939 14.211
1989 6.888 15.766 10.104 14.548
1990 6.011 16.249 9.160 14.497
1991 6.259 15.647 9.594 14.141
1992 7.159 15.576 10.133 14.481
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Table 4.4 (Continue): Arctic ice extents yearly minimum, maximum values and meanly
values of summers and winters.

Arctic Ice Extent (1076 sq km)

Mean Values of Mean Values of

Minimals Maximals Summers Winters
1993 6.161 16.048 9.488 15.611
1994 6.934 15.770 9.821 14.476
1995 5.990 15.384 9.042 14.258
1996 7.147 15.484 10.172 14.037
1997 6.602 15.684 9.512 14.258
1998 6.293 16.070 9.523 14.321
1999 5.676 15.627 9.430 14.044
2000 5.943 15.498 9.454 13.970
2001 6.567 15.742 9.344 13.882
2002 5.625 15.624 9.081 13.980
2003 5.969 15.629 9.237 14.036
2004 5.770 15.300 9.185 13.794
2005 5.314 14.993 8.687 13.383
2006 5.746 14.777 8.601 13.210
2007 4147 14.842 8.195 13.367
2008 4.548 15.354 8.617 13.678
2009 5.047 15.195 8.573 13.586
2010 4.590 15.351 8.117 14.322
2011 4.333 14.704 7.955 13.331
2012 3.340 15.307 7.705 13.404
2013 5.040 15.196 8.386 13.474
2014 4.988 15.007 8.378 13.456

Compare of Peak Values of Ice Extent by Years

17.000
15.000 - AWA
11.000

L W
7:000 W
5.000

3000 ———T—T—T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
19791981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013

Ice Extent (106 sq km)

Years

—@— Minimals —li— Maximals —— Mean Values of Summers —@— Mean Values of Winters

Figure 4.14: Comparison of peak and mean values graphic of Arctic ice extents by years.
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As seen in Figure 4.14, the highest sea ice extent value is in 1979 as of 16.635 1076
sq km. while the lowest value is in 2012 as of 3.340 10”6 sq km.

Minimum Values of Ice Extent by Years
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Figure 4.15: Minimum values graphic of Arctic ice extent by years with standard deviations
and trendline.

The minimum value of sea ice extent derives between 3.340 and 7.533 1076 sq km.as
shown in Figure 4.15. The minimum value is 3.340 10”6 sq km. at 16th of
September 2012 while the highest value of minimum values is 7.533 1076 sq km. at
5th of September 1980. The lowest value of sea ice extent occurs in the middle of
September (like 13th of September).

Maximum Values of Ice Extent by Years

__18.000
AE: 17.000 -
a
? 16.000 - =
815000 =
€ 14.000
(]
k] O N PO D O NPT O DND OHS A O DD
X N2 D7 B’ P P D DD DD D L L QLD
a TR R RTRTRDT R RTRDTRDT DT AR AR AT AR AP DT AR
]
- Years

-1Sd =—#=Extent (1076 sq km) +1Sd ——Linear (Extent (1076 sq km))

Figure 4.16: Maximum values graphic of Arctic ice extent by years with standard
deviations and trendline.
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The maximum value of sea ice extent derives between 14.704 and 16.635 1076 sq
km.as shown in Figure 4.16. The maximum value is 16.635 1076 sq km. at 1st of
March 1979 while the minimum value of maximum values is 14.704 10”6 sq km. at
7th of March 2011. The lowest value of sea ice extent occurs in the middle of March

and the late February.
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Figure 4.17: Mean values graphic of Arctic ice extent of summer by years with
standard deviations and trendline.

The mean value of sea ice extent of summers changes between 7.705 and 10.264
1076 sq km. shown as in the Figure 4.17. The trend is decreasing like the others
figures. The significant decreasing value is shown in the year of 1990 as first time.
1995 is another milestone among decreasing values with 9042 1076 sq km. as of 15th
of July. The constantly decreasing trend has been started by 2004. The values after
2004 never reach the level of 8.700 1076 sq km. The lowest value is 7.705 106 sq
km. at 15th of July 2012. It’s the July in which the mean value of sea ice extent in

summers happens.
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Mean Values of Ice Extent of Winter by Years
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Figure 4.18: Mean values graphic of Arctic ice extent of winter by years with
standard deviations and trendline.

The mean value of sea ice extent of winters changes between 13.210 and 15.611
1076 sq km. shown as in the Figure 4.18. The trend is decreasing like the others
figures. The significant decreasing value is shown in the year of 1984 as first time.
2006 is the lowest value among decreasing values with 13.210 10”6 sgq km. as of 2nd
of January. The constantly decreasing trend has been started by 2010. The values
after 2010 never reach the level of 14.500 1076 sq km. It’s the January in which

generally the mean value of sea ice extent in winters happens.

Helmholtz Climate Initiative (REKLIM), the Alfred Wegener Institut, Helmholtz
Centre for polar and marine research created an initiative in cooperation with the
University of Bremen. This initiative aims to collect the most current data about sea-
ice. The initiative has a web portal address as “meereisportal.de/seaiceportel.de”.
Theweb site provides daily basis sea ice extent and concentration data which are
taken from satellite since 19 June 2002. In Figure 4.19 and Figure 4.20 shows the
minimum and maximum sea ice extent days as high solution map since 19 June 2002

until today. [52] These figures included to confirm our results and findings.

40


http://www.reklim.de/en.html
http://www.awi.de/

meereisportal.de Meereiskonzentration

16.09.2012

o r : 75
S B ; 0%

Ausdehnung:
3,28 Mio km?

%
100 ¢
80
60
i
Y ALFRED i
LTV VE D,
INSTITUT 0%, P 0
ehordiiiB keine Daten
@ niversitat Bremen P Sensor: AMSR2

Figure 4.19: The minimum sea ice extent day 16 September 2012 since 19 June
2002. (Meereisportal.de)
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Figure 4.20: The maximum sea ice extent day 20 March 2003 since 19 June 2002.
(Meereisportal.de)
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5. DISCUSSION

5.1. Shipping Routes In Arctic

According to IMO there are 7 type of ice breakers which can navigate thought the
ice-covered waters. This classification is shown at Table 5.1 The classes change
depend on the ability to navigate on the different characteristic of sea ice especially

thickness.

Table 5.1: Classes of Arctic ships. (IMO, Rules for Classification and Construction)

Ice Description (based on WMO Sea Ice

Polar Class
Nomenclature)
PC1 Year-round operation in all polar waters
Year-round operation in moderate multi-year
PC2 ice conditions
Year-round operation in second-year ice
PC3 which may include multi-year ice inclusions
Year-round operation in thick first-year ice
PC4 which may include old ice inclusions
Year-round operation in medium first-year ice
PC5 which may include old ice inclusions
Summer/autumn opeartion in medium first-
PC6 year ice which may include old ice inclusions
Summer/autumn opeartion in thin first-year
PC7 ice which may include old ice inclusions

Open Water vessel is another type of ship class which does not exist in IMO
classification. It’s accepted that it has the capacity of the breaking up ice with 15 cm
thickness in fully concentrated ice, that’s why traditional OW vessel does not contain
ice strengthening. 6 ice types with associated thickness were identified by the AIRSS
framework and the thickness scale is as follows: gray (10-15 cm), gray-white (15-30
cm), thin first-year first stage (30-50 cm), thin first-year second stage (50-70 cm),
medium first year (70-120 cm), and thick first year (first-year ice over 120 cm). In

Figure 5.1 could seen Arctic shipping routes with ship types.
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Figure 5.1: Arctic shipping routes today.

The researchers’ recommendations and coastal countries’ Arctic navigation approach
are similar. Even if the territory is not owned by any kind of authority or country, the
countries bordering - Russia, Norway, Canada, Denmark, and the U.S - the Arctic
have some claims. One of the conflict sample is about the Northwest Passage.
Canada demands that this is Canadian waterway. But the US. and Russia differ with

Canada. [53] According these two, the passage is international.

5.2. New Shipping Routes In Arctic

Summer sea ice extent in Arctic is decreasing and this data is retrieved from satellite
mapping since 1979 as this study included satellite observations. The trend of
decreasing summer ice extent determine that in last 6 years record are the lowest.

[54] The projection is shown below in Figure 5.2

The scenarios provided by the climate models announce that the trend will go on
unceasingly and afterwards a seasonal ice-free' Arctic Ocean would be possible later
this century. [55]

! Ice-Free Season: having less sea ice than 1 km”in September
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Figure 5.2: Arctic Sea Ice extent graphic dated 30 March 2016, (National Snow and
Ice Data Center)
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Figure 5.3: Map of Possible Shipping Routes in the Arctic (NATO Parliamentary
Assembly, Committee Report, 2010 Annual Session.)

45



According to climate changes in near future shows, that New Arctic shipping routes,
which are shown in Figure 5.3, will open and these routes will support the companies
and countries in terms of saving time and money. Exclusively sea ice melting assists

to initiate new commercial routes between the Atlantic and Pacific Oceans.

The Northern Sea Route will decrease sailing duration between Rotterdam and
Yokohama as much 40 % shorter. The Northwest Passage and the Trans-Polar Route

are popular for the same reasons — in case they are able to navigate. [53]

5.2.1. Transpolar sea route as new ship route of Arctic

Shipping lanes through the Arctic Ocean won't put the Suez and Panama canals out
of business anytime soon, but global warming will make these frigid routes much
more accessible than ever imagined by melting an unprecedented amount of sea ice

during the late summer.

By mid-century, even ordinary shipping vessels will be able to navigate previously
inaccessible parts of the Arctic Ocean, and they will not need icebreakers to blaze

their path as they do today.

In 2007, 2008 and in 2009, route between the North Atlantic Ocean and the Pacific
Ocean known as the Northwest Passage was able to navigate for two weeks. And
according to sciencetists’ prediction, ice-free Arctic summer season could possible as
of 2013 [56] The same situation was observed for the Northern Sea Route near

Russia’s coast.

These new navigation routes between Europe and Asia will change the sailing
duration. The duration will be shorter than before because the vessels will navigate
via short cuts by saving thousand of miles. For example, navigation duration will

decrease by %25 from Rotterdam to Seattle with new shipping routes.

Regarding to “Melting Ice Caps and the Economic Impact of Opening The Northern
Sea Route” study [57] international shipping industry will be obviously changed after
melting of Arctic icecap. It assumes that NSR will be fully used by 2030. This
analyse compares SSR and NSR with using trade models but not only water
transportation but also water and land multi-modal transportation. For each country,

one port is chosen according to its trade volume. For instance, to make an estimation
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between China and Netherlands; Shanghai Port is decided for China while Rotterdam
Port is for Netherlands as shown Table 5.2

Table 5.2: (Melting Ice Caps and the Economic Impact of Opening The Northern Sea Route)

Great-circle formula NSR against
From To (km) SSR(km)  NSR(km) SSR % change
China Netherlands 7,831 19,942 15,436 _23%

Regarding to this modal, the three Asian countries; China, Japan and South Korea

will take advantage of NSR.

8% of world trade use Suez Canal for the transportation. According to this study,
only one-thirds of this volume will be remained via Suez Canal after NSR. This
situation will have also negative economic impact on SSR countries like Egypt and

Singapore and South and East Europe.

The study estimates CO, emissions too, which is directly, has relation with volume
of water-based transporation. It is projected that techonology between production,
consumption and emission will be remaining same as today. Essentially, the
reduction of fuel costs and emission are expected because of shorter shipping route
of NSR. Nevertheless, the increasing volume of trade will cause increasing of CO,
emission in the future. Consequently, the study predicts that the CO, emission will
lightly increase as total of 14.23 million MT. [57]

The other benefit of new shipping route will be in safety domain considering that
piracy is a possible trouble for the vessels which navigate through existing route like
Gulf of Aden. This also means operation cost will reduce. Moreover, decreasing
emission and energy consumption will support to increase the commercial volume

with reduced marine traffic in traditional passage over the continents. [58]

Two German merchant ships passed the Northern Sea Route, escorted by
icebreakers, in September 2009 and transported her cargo to destination port in
Japan, South Korea and Russia. In this route vessels reported that they saved more

4,000 km by using new route. This example proved how NSR feasible would be.

Another voyage achieved by a Russian tanker, which was the first passage for the
trade tanker, via NSR in September 2010.

Three possible route over the Arctic were presented by Laurence C. Smith and Scott

R. Stephenson of the University of California Los Angeles, at the 2015 meeting of
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the American Geophysical Union: the Trans-Polar Route over the North Pole, the
Northern Sea route along the northern coast of Russia, and the Northwest Passage
through the Canadian Arctic.

The data that subjected to article of Stephenson and Smith and this thesis are
recorded data since 1979, satellite mapping has revealed an overall trend of

decreasing late-summer sea ice extent in the Arctic.

To address this deficiency, Stephenson and Smith applied the Arctic Transportation
Accessibility Model (ATAM) [59] to individual and ensemble averaged datasets of
projected sea ice thickness and concentration from seven respected coupled
atmosphere—ocean general circulation models (GCMs), assuming two different
climate forcing scenarios and vessel types at present (2006-2015) and by mid-
century (2040-2059) It is shown in Figure 5.4 and Figure 5.5.
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Figure 5.4: The possible September navigation routes between Netherland and
Pacific (ATAM.)
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Figure 5.5: The projected navigation route between Netherlands and Pacific in 2040-
2059 (ATAM)

5.2.2. Pollution of shipping in the Arctic

As mentioned above, new shipping route over the Arctic will increase the number of
ships undoubtedly. Considering that the Arctic region has a harsh and hazardous
conditions, the increase of ship navigation in Arctic poses environmental risks in
different areas like noise, collision of wildlife, invasive species, air pollution, ice

destruction, dangerous cargo and oil spills.
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Air pollution is one of the most possible and dangerous risk over the Arctic Ocean.
Marine vessels produce Black carbon (BC) that is constitute of particulate matter
(PM) through unfinished oxidation of diesel fuel. Annual BC emission created by
international shipping is between 71 000 and 160 000 metric tons. About % 15 of
total PM in the World is from ships and about %2 of it is from all other source 609
tons of BC was released in the Arctic in 2004. [60] This amount may seen low
compared to global emission, but number of the vessels travelling in that region is
increasing. As a result of heavy shipping traffic, the ice is melting and the region is
warming. More research should be done in order to determine the connection
between BC reductions from ships and the benefits of mitigation. But the results of
using Arctic region as a new trade shipping route are not well studied yet. The
shipping activities have effects on high emission of gases. Future emission could

impact negatively to Arctic environment and regional air pollution. [61]

According to AMSA study, the Bering Sea Region, Iceland, the Norwegian Coast
and the Barent Sea are regions with the heaviest CO, and BC emissions. Ship
emission can be reduced effectively by means of the application of feasible and best
available Technologies, air emission techniques and effective implementation of
relevant IMO regulations [13]

The other biggest pollution reason can be oil spills from ships in Arctic Ocean.

Groundings, shipwrecks, accidents or fires are the possibilities of oil spills.

In Figure 5.6, the ship accidents are listed between 1995-2004 in Arctic Region.

Figure 5.6: Arctic shipping accidents and incidents causes, 1995-2004.( Llyod’s
Marine Intelligence Unit Sea Searchers Database
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Since Arctic Region is very far away from the shore assistance, the duration of
cleaning will be longer than any other region. Besides that, the hazardous conditions
in the region will prevent the assistance crew to reach on-scene and perform
properly. Moreover, the hydrocarbons break hardly in cold weather, which means

another danger for the wildlife.

The possible scenario of oil spill is shown in Figure 5.7.
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Figure 5.7: Possible interactions between HFO(Heavy fuel oil) and Arctic Sea Ice
in the event of an oil-spill (AMAP assessment) report: Arctic Pollution Issues (after
original figure by Bobra and Fingas)

5.3. Safety Issues of Shipping in Arctic

Having hard weather condition, being away from nearest assistance and increasing
ship traffic occur the safety issues over the Arctic Region. In the this study, the safety
issues are divided in three parts as Critical Needs of Ship Operations in Arctic
Waters, Critical Needs Of For Ensuring Adequate Emergency Response In Arctic
Waters and The Needs Of Vessel Traffic Management

5.3.1. Critical Requirements of Ship Operations in Arctic Waters

e Improved navigation charts with comprehensive depth contours,
e Updated electronic charts with imbedded navigation aids,
e Increased AIS coverage in Arctic waters,

e Accurate tide and current data,
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5.3.2.

Improved ice assessment and forecasting,

Improved weather data and more accurate local forecasts,

Implemented traffic management scheme for the Unimak Pass and Bering
Strait,

Established ice operation guidelines,

Improved satellite and local communications,

Established safe harbors of refuge,

Improved emergency response and SAR capabilities, and

Improved ice breaking capabilities.

Critical Requirement of for Ensuring Adequate Emergency Response
In Arctic Waters

Reliable shore-based communications networks,

SAR assets within reasonable response time frames,

Emergency towing assets,

Aviation search-and-lift assets within 24 hours of large-ship operations,
and Partnerships among cruise vessel operators with similar regional
Visits.

Developing VTS-type real-time monitoring of vessels in the Arctic region,
Maintaining crews trained and experienced in ice management and transit,
Providing continuous ice and weather data and daily ice analysis,
Establishing an ice management plan for each vessel, and

Establishing cooperative procedures among all operators in a particular
area.

Gathering real-time information of all ships transiting the area;

Conducting local, regional, and national drills and exercises;

Preparing an up-to-date inventory of assets;

Establishing a stockpile and pre-positioning equipment;

Developing international, national, regional, and local response plans;
Developing up-to-date charts;

Enhancing seasonal air support and facilities;

Developing port infrastructure; and

Enhancing the Polar Code and UNCLOS 111

52



5.3.3. The Vessel Traffic Management Requirement

In order to maintain or improve vessel traffic safety and orderly operations in Arctic
(especially congested) waters; the needs of vessel traffic management are considered

as follows;

e Establishing safe offshore distances for deep draft ships,
e Establishing safety fairways,

e Providing information for ice avoidance. [13, pp. 3-7]
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6. CONCLUSION

In this study, the future of Arctic maritime activities have been argued according to
the global climate change. First of all, the Arctic region, sea ice and sea ice types
have been defined in order to explain the subject of the study. Afterwards, the
importance of the Arctic region in terms of shipping sea route has been clarified not
only historical and geographical but also governmental and infrastructural. Following
to the second section, climate change were demonstrated as a global phenomenon
with its heavy result on the Arctic region. In the next section, the satellite data about
sea ice extent on the Arctic region, which provided by Colombia University, have
been analysed in five years and ten years periods. The dataset contains the sea ice
extents as .csv format. The seasonal average sea ice extent has been shown by
graphics. According to the data, the effects of climate change to sea ice extent are
very serious especially after 2000s. In the discussion, the current shipping route of
Arctic and the probable new route have been explained. Moreover, the possible risks
of Northern Sea Route (NSR) were discussed both in ecologically and economically.

At the end of study, safety precautions has been shared.

Sea routes are important considering that around %90 of World trade is carried by
international shipping industry. But the Arctic region was not feasible to navigate

because of harsh weather condition and sea ices around the Arctic Ocean until 2000s.

On the other hand, the global climate change caused the melting of sea ice in the
Arctic region especially in the middle of 2000s. This situation brought in the
question if the Arctic region could be navigate. “The Melting Ice Caps and the
Economic Impact of Opening The Northern Sea Route” study showed that NSR
would be used more frequently than today in the near future. Even if the
consumption of money, time and fuel would be decrease, the ecologic balance of the
Arctic region would be affected seriously considering increase of greenhouse gases
emission like CO2 which was one of the responsible of climate change. Since the sea
ice melting trend will not be prevented and the shipping traffic in the Arctic region

will increase, the danger will be irreversible for the world.

55



56



REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

URL National Snow & Ice Data Center, «What is the Arctic?» NSIDC,
[Online]. Available: https://nsidc.org/cryosphere/arctic-
meteorology/arctic.html. [Data Retrieved:18 January 2016].

Arctic & Antarctic Collection, «Differences Between the Arctic & Antarctica,»
Arctic & Antarctic Collection, [Online]. Available:
http://www.arcticantarcticcollection.com/polardifferences.htm. [Data
Retrieved:12 11 2015].

National Snow & Ice Data Center, «All About Sea Ice,» [Online]. Available:
https://nsidc.org/cryosphere/seaice/characteristics/index.html. [Data
Retrieved:16 1 2016].

N. Bowditch, «American Practical Navigator Bowditch (Useful Tables,
Calculations, Glossary of Marine Navigation, Volume II),» Defense Mapping
Agency Hydrographic/Topographic Center, 1981.

C. A. Linder, «Sea Ice Glossary,» Edge of the Arctic Shelf, no. Arctic West
Summer 2003.

The Arctic Ocean, US , «Oil in the Arctic Ecosystem,» The Pew Charitable
Trusts /, 1 9 2013. [Online]. Available: http://www.pewtrusts.org/en/research-
and-analysis/fact-sheets/0001/01/01/oil-in-the-arctic-ecosystem. [Data
Retrieved:12 3 2016].

A. C. John M. Wright, Seawater: Its Composition, Properties and Behaviour,
Oxford England: The Open University, 1995.

R. Gradinger, «Arctic Sea Ice: Channels of Life,» [Online]. Available:
http://oceanexplorer.noaa.gov/explorations/02arctic/background/sea_ice/sea_ic
e.html. [Data Retrieved:13 7 2016].

Anonymus, «Brine channels, micro-habitat for ice algae,» Green Edge, 21 6
2016. [Online]. Available: http://greenedge-expeditions.com/brine-channels-
micro-habitat-for-ice-algae/. [Data Retrieved:13 7 2016].

K. Morawetz, «Formation of brine channels in sea ice,» Physikalische Technik,
2011.

57



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Canadian Cost Guard, «Canadian Ice Service Web Site,» [Online]. Available:
http://www.ccg-gcc.gc.ca/lcebreaking/lce-Navigation-Canadian-Waters/Ice-
Climatology-and-Environmental-Conditions. [Data Retrieved:12 3 2016].

F. D. Carsey, Microwave Remote Sensing of Sea Ice, American Geophysical
Union, 2013.

Protection of Arctic Marine Environment (PAME) Arctic Council , «Arctic
Marine Shipping Assessment Report (AMSA),» Pame, 2009.

S. R. 0. C. E. 2. Paul Beckwith, «Status Report on Climate Earth,» Canadian
Diary, 2013.

J. Stansfield, «Maritime News,» Yong Sheng has reached Rotterdam sailing
from Dalian through the Northern Sea Route, p. 1, 11 09 2013.

Globe Net, «The True North, Strong and Ice-Free — A GLOBE-Net Special
Report,» 25 2 2015. [Online]. Available: http://globe-net.com/the-true-north-
strong-and-ice-free-a-globe-net-special-report/. [Data Retrieved:12 1 2016].

United Nations Convention on the Law of the Sea (UNCLOS), Protection and
Preservation of Marine Environment Section 8 Ice Covered Areas Article 234,
Montego Bay : UN, 1982.

Arctic Council, «Arctic Marine Shipping Assessment (AMSA),» Protection of
the Arctic Marine Environment (PAME), 20009.

L. Weidemann, International Governance of the Arctic Marine Environment,
Hamburg: Springer, 2014, p. 135.

J. B. Michael Byers, International Law and the Arctic, New York: Cambridge,
2013, p. 187.

N. C. Jonathan Saul, «Arctic thaw opens shipping waterways, risks to
environment,» Reuters, p. 1, 25 2 2016.

D. Hains, «Canadian Hydrographic Service & Oceanographic Service,»
Warming of North Conference, Ottowa, 2015.

D. L. Brigham, «Key Findings of the AMSA study,» Alaska University, 5 7
2010. [Online]. Available:
http://www.dnvusa.com/industry/maritime/publicationsanddownloads/publicati
ons/updates/arctic/2010/01_2010/KeyfindingsoftheAMSAstudy.asp. [Data
Retrieved:14 2 2016].

Arctic Knowledge Hub, «Bulk Transport of Oil, Gas and Ore in the Arctic
(derived from AMSA Report),» [Online]. Available: http://www.arctis-
search.com/Bulk+Transport+of+Qil,+Gas+and+Ore+in+the+Arctic. [Data

58



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Retrieved:15 1 2016].

M. Megannety, A Review of the Planned Shipping Activity for the Baffinland
Mary River Project, Halifax Nova Scotia: Dalhousie University, 2011, p. 15.

A. O. D. A. W. Alex Williams, «The future of Arctic enterprise:Long-term
outlook and implications,» University of Oxford, Oxford, 2011.

Protection of Arctic Marine Environment (PAME) Arctic Council, kKAMSA,»
Pame, 2015.

Chairman’s Statement, « Meeting on Arctic Fisheries,» Chairman’s Statement,
Nuuk, Greenland, 2014.

S. Dasgupta, «Arctic countries prohibit commercial fishing in North Pole,»
Mongabay, p. 1, 6 8 2015.

M. J. E. S. Jackie Dawson, «Cruise Tourism in Arctic Canada,» The Polar
Journal, 2015.

B. A. Machiel Lamers, Climate Change and its Implications for Cruise
Tourism in the Polar Region, London: Earthscan, 2010, p. 147.

T. Johnson, «The Weather Channel,» 29 7 2014. [Online]. Available:
https://weather.com/science/environment/news/melting-arctic-20000-luxury-
cruises-climate-change-tourism-20140728. [Data Retrieved:12 3 2016].

S.D.Q. M. M. Z. C. M. M. K. A. M. T. a. H. M. Solomon, «IPCC Fourth
Assessment Report: Climate Change 2007,» Cambridge, New York, 2007.

IPCC, «Climate Change 2001: Synthesis Report,» IPCC, 2001.

N. Mimura, «Sea-level rise caused by climate change and its implications for
society,» Proc Jpn Acad Ser B Phys Biol Sci., cilt 89(7), p. 281-301, 2013.

United States Environmental Protection Agency (EPA), «Overview of
Greenhouse Gases,» 2014. [Online]. Available:
https://www3.epa.gov/climatechange/ghgemissions/gases/co2.html. [Data

Retrieved:12 3 2016].

S. J. Hassol, Impacts of A Warming Arctic - Arctic Climate Impact
Assessment, Cambridge: Cambridge University, 2004.

G. P. Wayne, «The Guide to Representative Concentration Pathways,»
[Online].  Available:  https://www.skepticalscience.com/rcp.php.  [Data
Retrieved:10 9 2016].

59



[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

IPCC, «IPCC Scenario Process for ARS,» IPCC, 2014.

S. S. K. e. a. M. Meinshausen, «"The RCP Greenhouse Gas Concentrations and
their extension from 1765 to 2500",» Climatic Change, p. 109: 213, 2011.

G. P. Wayne, The Beginner's Guide to Representative Concentration Pathways,
Skeptical Science, 2013, pp. 3-23.

National Snow & Ice Data Center, «All About Arctic Climatology and
Meteorology,» NSIDC, [Online]. Available:
https://nsidc.org/cryosphere/arctic-meteorology/arctic.html. [Data Retrieved:12
12 2015].

Revolution Newspaper, «The Paris Climate Agreement: System Failure on a
Global Scale,» 21 12 2015. [Online]. Available: http://revcom.us/a/418/the-
paris-climate-agreement-en.html. [Data Retrieved:23 3 2016].

J. Bloch, «Climate change in Michigan: More heat, storms, less lake ice,
changing forests and farming challenges, Part Il interview with Dr. Henry
Pollack,» The Voice, p., 18 11 215.

J.C.V.K.A.B. M. S. T. P. M. H. a. W. N. M. Stroeve, Trends in Arctic sea
ice extent from CMIP5, CMIP3 and observations, 2012.

J. Cook, «Skeptical Science,» 2 5 2010. [Online]. Available:
http://www.skepticalscience.com/What-causes-Arctic-amplification.html.
[Data Retrieved:1 4 2016].

Union of Concerned Scientists, «Is There a Connection between the Ozone
Hole and Global Warming?,» [Online]. Available:
http://www.ucsusa.org/global_warming/science_and_impacts/science/ozone-
hole-and-gw-fag.html#.Vz8RgMtf2P8. [Data Retrieved:12 3 2016].

E. Hand, «ScienceMag,» 10 2  2016. [Online].  Available:
http://www.sciencemag.org/news/2016/02/record-ozone-hole-may-open-over-
arctic-spring. [Data Retrieved:14 3 2016].

Green  Facts, «Arctic Climate Change,» [Online].  Available:
http://www.greenfacts.org/en/arctic-climate-change/index.htm#1. [Data
Retrieved:1 4 2016].

Sea Ice Extent Data Set, [Online]. Available:
ftp://sidads.colorado.edu/DATASETS/NOAA/G02135/north/daily/data/NH_se
aice_extent_final.csv. [Data Retrieved:12 1 2016].

P.G.H.Z.D.C.W. M. F. F. K. K. M. S. M. J. B. Claire Parkinson, Sea Ice
Concentrations from Nimbus-7 SMMR and DMSP SSM/I-SSMIS Passive
Microwave Data, Version 1, Nasa, from 1978- .

60



[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

meereisportal.de/seaiceportel.de , «Overview on the current sea ice status in the

Arctic and Antarctic,» [Online]. Available:
http://www.meereisportal.de/en/seaicemonitoring/sea-ice-observations-from-
satellite-measurements/current-sea-ice-maps-arcticantarctic.html. [Data

Retrieved:12 3 2016].

K. Krieger, «Sailing the Mid-Century Arctic,» Uconn Today, 2015.

National Snow & Ice Data Center, «Arctic Sea Ice News & Analysisy.

S. R. S. Laurance C. Smith, «New Trans-Arctic shipping routes navigable by
midcentury,» Proceeding of the National Academy of Sciences of the United
States of America (PNAS), 25 1 2013.

E. Z. Charles K. Ebinger, «The geopolitics of Arctic melt,» International
Affairs, pp. 7-12, 26 10 20009.

Bekkers, E; Francois, J.F; Rojas-Romagosa H;, «Melting Ice Caps and the
Economic Impact of Opening,» CPB Discussion Paper , no. 307, pp. 28-29,
2015.

R. Arnadottir, «Security at the top of the world:Is There A NATO Role in the
High North?,» NATO.

S. L. S. a. J. A. Stephenson, «Divergent long-term trajectories of human access
to the Arctic.,» Nature Climate Change 1, pp. 156-160, 2011.

Wild World Fundation (WWF), «Arctic Shipping Summary Report - Avoiding
Catastrophe,» WWF, 2014.

K. @demark ve S. B. e. A. Dalseren, «Short-lived climate forcers from current
shipping,» Atmospheric Chemistry and Physics, cilt 12, no. doi:10.5194/acp-
12-1979-2012, pp. 11-13, 2012.

61



62



CVv

Name- Surname : Mehmet ERSAN

Birth date and location  : 13.07.1982 Canakkale Can

E-mail . mersan@pirireis.edu.tr

EDUCATION:

« B.Sc. Degree : 2006, Karadeniz Technical University, Surmene Faculty of

Marine Sciences, Maritime Transportation And Management Engineering
« M.Sc. Degree : On going, Istanbul Technical University, Science Institute,
Department of Maritime Transportation Engineering, Maritime Transportation

and Management Engineering Graduate Program

ACADEMICS:

e 2015 Piri Reis University Maritime Higher Vocational School, Department of
Transportation Services , Maritime & Port Management

PROJECTS:

e Designing of Knitting Fabric Using PVDF Fibers to Charge Mobile Phone,
Researcher,2015

e ERSAN MEHMET,0ZSOY CICEK BURCU (2015). Antartika'ya Seyir Yapan
Buzkiranlar. 5. National Maritime Congress, (Pub. N0:1642458)

PROFESSIONAL BACKROUND:
e 2009-2012, Oceangoing Chief Officer, Harren &Partner, Metmar Denicilik
(Commercial, Private Sector)

e 2006-2012, Oceangoing Watchkeeping Officer, Cebi Denizcilik,Harren &
Partner (Commercial, Private Sector)

63



