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LACK OF ARCTIC AND ANTARCTIC ISSUES IN INTERNATIONAL
CODE FOR SHIPS OPERATING IN POLAR WATERS (POLAR CODE)
AND SUGGESTING POSITIVE IMPROVEMENTS

SUMMARY

The effects of industrial activities have reached global dimensions in the last century.
Global climate change is triggered as the result of industrialization, which has led to
many global issues. The consequences of global climate change are now being
observed dramatically in the polar regions. Consequently, the Arctic has become
more critical in geopolitical and geoeconomic terms with melting ice and
disappearance to a large extent. As the sea ice coverage decreased, maritime
activities such as tourism, fishing, and maritime transportation increased in the Arctic
Ocean. Conversely, the Antarctic is presently subject to scientific research and
activities such as fishing and tourism, which are increasing over time. While the
harsh polar environment presents significant risks to the ships, maritime activities
also threaten the sensitivity of polar ecosystems and the vulnerability of marine
wildlife and habitats. The lack of accurate charts and marine infrastructure, the
harshness of the environment, and the Ilimitations of radio and satellite
communications to monitor and control ship movements in polar waters are the
primary challenges of operations in polar regions. The International Maritime
Organization (IMO) aimed to legalize polar regions' shipping measures and enforced
the International Code for Ships Operating in Polar Waters (Polar Code), but it
becomes a question mark whether the Polar Code provides significant protection.

This thesis consists of three articles on the issues in the Arctic and the Antarctic that
are failed to be addressed in the Polar Code. The first article proposed to expand the
Polar Code application areas in the Arctic. While maritime activities are increasing in
the Arctic, little attention has been paid to some of the northernmost regions that are
greatly influenced by the Arctic climate and are excluded from the Polar Code. The
marine boundaries of the Arctic region have been defined differently by the Arctic
Council Working Groups based on their physical, geographical, and ecological
characteristics. However, the boundaries of the Polar Code are not compatible with
any of them. In the first article, the extent of sea ice change and maritime traffic in
the high north and maritime safety in applying the Polar Code boundaries in the
Arctic are analyzed, and extension of the Polar Code application areas in the Arctic
are also suggested. In the second article, the Arctic and the Antarctic sea ice extent
change, arisen maritime safety and security issues, and legal instruments relevant to
the scope are evaluated. It is considered that some significant differences regarding
sea ice in the content of the Polar Code are not evaluated. The primary contribution
of this paper is the assessment of the sea ice condition differences between the Arctic

xx1



and the Antarctic through remote sensing data analyzes in the scope of the Polar
Code. The third paper evaluates the Polar Code within the survey scope conducted
with the people who have sailed in these regions and makes suggestions to develop
the Polar Code further.

The original value of this study to the literature is that it draws attention to the
differences between the Arctic and the Antarctic, points out the inadequacies in the
Polar Code, and suggests its further development. Furthermore, it provides data
regarding sea ice changes and maritime activity trends in polar regions and is
supported by the opinions of the people working in those regions based on the survey
evaluations.
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KUTUP SULARINDA FAALIYET GOSTEREN GEMILERE YONELIK
KOD, KUTUP KODU'NDA ARKTIiK VE ANTARKTIKA ICIN YER
VERILMEYEN HUSUSLAR VE KUTUP KODU’NUN GELiSTIRILMESI
ICIN ONERILER

OZET

Son yiizyilda gerceklestirilen endiistriyel faaliyetlerin cevreye etkileri kiiresel
boyutlara ulagsmistir. Sanayilesmenin bir sonucu olarak, tetiklenen kiiresel iklim
degisikligi bircok sorunu beraberinde getirmistir. Mevcut durumda, kiiresel iklim
degisikliginin sonuglar1 kutup bolgelerinde dramatik sekilde gozlemlenmektedir.

Arktik’te buzlarin erime hizindaki artis ve biiyiik oranda yok olmalar ile birlikte,
jeopolitik ve jeoekonomik agidan daha 6nemli hale gelmistir. Arktik Okyanusu
olarak bilinen Arktik dairesi i¢erisinde yer alan bdlge, mevsimsel erimeden kaynakli
bolgesel degisimler gostersede yil genelinde deniz buzu ile ortiliidir. Cesitli
arastirmalarda yapilan modellemelere gore, 21. yiizyil ortalarinda Arktik deniz buzu
yaz aylarinda tamamen eriyecektir. Arktik’te yasanan degisimlerle beraber, bolgede
ve diinyada yasanacak gelismeleri tahmin etmesi zordur. Bu durum erimenin
stirecine, ekonomik gelismelere, dogal kaynak ve enerji ihtiyacina ve agilacak deniz
yollariin tercih edilebilirligine gore sekillenecektir. Deniz ulastirmasi kapsaminda,
deniz buzlarinin erimesi ile birlikte; Norveg, Rusya, Kanada ve Amerika’nin kiyilari
yaz donemlerinde seyredilebilir hale gelmistir. Kuzey Avrupa ve Dogu Asya
arasindaki en kisa mesafe olan Kuzeydogu Geg¢idi seyir siirelerinin kisalmasi, az
yakit tiiketimi ve maliyetlerin azalmasi gibi sagladig1 avantajlar ile daha ¢ekici hale
gelmektedir. Buna ragmen bolgedeki deniz buzu hareketlerinin tahmin edilememesi,
haritalarin ve iletisim sistemlerinin yetersizligi, agir hava sartlari, yetersiz kurtarma
istasyonlarr, mevcut gemilerin gerekli standartlarin altinda kalmasi1 ve tecriibeli
personel yetersizligi gibi sebeplerle, gemi gecisleri az miktardadir. Son yillarda
kutup bolgelerinde denizcilik faaliyetlerinin arttigi gozlemlenmektedir. Gemi trafigi
artarken, gemi kaynakli cevre kirliligi ve deniz kazasi riskleri de artmaktadir. Basta
Arktik’e kiyist olan iilkeler olmak tizere, Arktik’e kiyisi olmayan birgok iilke ve
uluslararasi sirketlerin bdlgeye olan ilgisinin arttigit ve yatirimlarini arttirdigi
gozlemlenmektedir. Yiiriitiilen biitin bu ekonomik faaliyetler siirdiiriilebilir
kalkinma odakli, Arktik ekosistemine zarar vermeyecek sekilde, yiliksek giivenlikli,
standartlara uygun olarak yapilmali ve mevcut koruyucu diizenlemelerin
gelistirilmesi gerekmektedir.

Antarktika, kesfinden sonra 1956-1958 yillarinda ilgi odagi olmustur. Birgok iilke
bolgede bilimsel programlarini bu donemde baslatmis, ¢ok sayida arastirma
istasyonu kurulmustur. Kitanin statiisi 1959 Antarktik Antlagmasi’na gore
diizenlenmis ve "bilime ve barisa adanmis dogal bir rezerv" olarak kabul edilmistir.
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Kitada cesitli tilkelere ait 100’1 askin arastirma istasyonu bulunmaktadir ve kita
lizerinde sadece bilimsel caligmalarda bulunan ve diger islerde calisan insanlar
bulunmaktadir. Kitaya lojistik ihtiyaglar1 ¢ogunlukla lojistik gemileri ile
saglanmaktadir. Lojistik gemileri haricinde birgok arastirma gemisi ile arastirmacilar,
yogunluklu olarak; Ocak, Subat ve Mart doneminde arastirma faaliyetlerini
gerceklestirmektedir. Antarktika deniz buzu, Arktik'te bulunan deniz buzlan kadar
kalic1 degildir ve kalinlasmamaktadir. Giiney yarim kiire kis donemi boyunca olusan
deniz buzunun neredeyse tamami yaz aylarinda erimektedir. Antarktika’nin 6zel
hukuki statiisii ve cografi konumu nedeniyle daha sinirli sayida denizcilik faaliyetleri
gergeklestirilmektedir. Ticari kapsamda gergeklestirilen faaliyetler; balik¢ilik ve
turizmdir. Antarktika turizmi son yillarda artig gostermistir. Yillar i¢inde biiylimeye
devam eden turizm, zorlu ortam sartlar1 dikkate alindiginda can ve mal giivenligi
acisindan ve Antarktika’nin hassas dogasina, gemilerden kaynakli verilebilecek zarar
seviyesini en aza indirmek maksadiyla ek onlemler alinmas1 gerekmektedir.

Uluslararas1 Denizcilik Orgiitii’niin (IMO?'), bayrak iilkesi fark etmeksizin biitiin
gemiler tarafindan uygulanmasi gereken diizenlemeleri bulunmaktadir. Kutup
bolgelerinde de gemiciligi ilgilendiren sorunlara ¢oziim i¢in IMO en 6nde gelen
kurulustur. “Buzla Kapli Arktik Okyanusunda Calisan Gemiler Igin Rehber?”, 2002
yilinda IMO tarafindan yaymlanmistir. Daha sonra bu kilavuz gelistirilerek, kutup
bolgelerinin korunmasi, denizcilerin ve yolcularin gilivenligine iliskin uluslararasi
kaygilar1 gidermek tizere; “Kutup Sularinda Calisan Gemilere Yonelik Uluslararasi
Kutup Kodu (Polar Code®)” 1 Ocak 2017'de yaymnlamistir. Kutup Kodu, 1974
Denizde Can Emniyeti Uluslararas1 So6zlesmesi (SOLAS 74¢) ve Denizlerin Gemiler
Tarafindan Kirletilmesinin Onlenmesine Ait Uluslararas1 Sozlesme (MARPOL
Convention 73/78%)’in baglayict diizenlemelerini igermekte, Arktik ve Antarktik
sularinda giivenli ve cevreci tasimaciligi diizenleyen maddelerden olusmaktadir.
Deniz giivenligi ve emniyeti ¢ercevesinde, kutup bolgelerindeki tehlike kaynaklar;
deniz buzu, buzlanma, diisiik sicaklik, uzun siireli karanlik ve giin 15181, uzaklik,
miirettebat deneyimi eksikligi, uygun acil miidahale ekipmanlarinin bulunmamasi ve
ciddi sekilde degisen hava kosullar1 olarak belirlenmistir. Bunlar arasinda deniz
buzu, gemilerin seyir performansi i¢in Onemli bir risk faktoriidiir ve geminin
govdesine, pervanesine ve diimenine onemli bir kuvvet altinda zarar verebilir veya
buzda sikismasina sebep olabilir. Ayrica, buzullarin erimesi, carpismaya neden
olabilecek tehlikeler yaratan yiizen buzdaglari riskini artirir. Ote yandan, denizcilik
faaliyetleri, kutup ekosistemlerinin hassasiyetini ve denizdeki vahsi yasam ve
habitatlarin savunmasizlifint tehdit etmektedir. Arktik ile Antarktik arasinda
uzakliklar1 ve ortam kosullarinin sertligi gibi benzerlikler olsa da, fiziksel, politik ve
yasal kosullardaki farkliliklar, Kutup Kodu’nun yeterliligi hakkinda soru isaretleri
uyandirmaktadir. Kosullarina goére farkliliklar gostermesine ragmen her iki Kutup
Bolgesi igin gegerli olan bir Kutup Kodu mevcuttur.

! International Maritime Organization.

2 IMO Guidelines for Ships Operating in Arctic Ice-covered Waters.

3 The International Code for Ships Operating in Polar Waters.

4 International Convention for the Safety of Life at Sea, 1974.

5 International Convention for the Prevention of Pollution from Ships, 1973.
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Bu tez ¢alismasi, Arktik ve Antarktika arasindaki farkliliklara dikkat ¢ekmek, Kutup
Kodu'nda dikkate alinmasi gereken bu farkliliklar1 ortaya koymak ve Kutup
Kodu’nun gelistirilmesi i¢in Onerilerde bulunmak maksadiyla hazirlanmisg
uluslararast hakemli dergilerde yayinlanan makalelerden olusturulmustur. Bu
kapsamda hazirlanan 1’inci makalede, Arktik ikliminden etkilenen, cografi olarak
bliyiik olgiide benzerlik gosteren ve 6zellikle deniz buzu gozlemlenen, ancak Kutup
Kodu’nda hari¢ tutulan bazi bolgelere dikkat ¢ekilmistir. Arktik’in deniz sinirlari,
Arktik Konseyi caligma gruplar tarafindan, fiziksel, cografi ve ekolojik ozelliklere
gore farkli sekilde tanimlanmistir. Ancak, Kutup Kodu'nun sinirlart bunlardan
higbiriyle uyumlu degildir. Ik makalede, Arktik’teki deniz buzu degisimleri ve deniz
trafigi yogunluklari, ayrica Kutup Kodu smirlart gercevesinde deniz giivenligi
sorunlart incelenmistir. Sonu¢ olarak, Kutup Kodu’nun Arktik’teki uygulama
siirlarinin, Pasifik'te deniz buzu genislikleri kayitlarina gore genisletilmesi
Onerilmistir. 2’inci makalede, Arktik ve Antarktika’daki deniz buzu genisliklerindeki
uzaktan algilama veri analizleri ile gosterilen degisimler ve karakteristiklerindeki
farkliliklar ortaya konularak Kutup Kodu’nda ilgili bdliimlerin gelistirilmesi
gerektigi onerilmistir. 3’lincii makalede ise yapilan literatiir aragtirmalari neticesinde,
iki bolgedeki temel farkliliklar, denizcilik faaliyetleri ve Kutup Kodu
degerlendirilerek bolgede calisan denizciler ve bilim insanlarina anket uygulanmis ve
yapilan analizler neticesinde, kutup bolgelerinde faaliyet gosteren gemilerin uymasi
gereken mevcut kurallarin gelistirilmesi i¢in 6nerilerde bulunulmustur.

Bu calismanin 6zgiin degeri, Arktik ile Antarktika arasindaki farkliliklara ve Kutup
Kodu’ndaki eksikliklere dikkat ¢ekmek ve gelistirilmesi i¢in 6nerilerde bulunmaktir.
Ayrica, kutup bolgelerindeki deniz buzu degisimleri ve denizcilik faaliyetleri
egilimleri hakkinda veri saglamakta ve Kutup Kodu’nun gelistirilmesi gerektigi
degerlendirilen kisimlari, bu bdlgelerde calisan kisilere uygulanan anketlerin
analizleri ile desteklenmektedir. Sonug olarak, bu tez Kutup Kodu’nun gelistirilmesi
i¢in tavsiye niteligindedir.
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1. INTRODUCTION

Polar regions are facing increasing challenges because of global climate change,
human activities, and economic and political pressures. One of the significant effects
of global climate change on polar regions is the diminishing sea ice extent. As sea ice
extent declines, maritime operations have started to increase in these regions. In this
regard, the shrinking sea ice, environmental conservation, and safety of passengers
and seafarers have raised international concerns. The International Maritime
Organization (IMO) has enforced the International Code for Ships Operating in Polar
Waters (Polar Code) for ships navigating these challenging Arctic and Antarctic
waters. The improvement of the Polar Code has been a long process and is based on
previous IMO instruments. It aims to mitigate the risks of harsh environments and
weather conditions for safe operations and the prevention and control of maritime
pollution from ships in the polar regions. Understanding the challenges of polar
circumstances and the reasons for maritime casualties is critical in mitigating future

risks.

While maritime activities are increasing in the Arctic, little attention is being paid to
some of the northernmost regions that are heavily influenced by the Arctic climate
and are excluded from the Polar Code. The marine boundaries of the Arctic region
have been defined differently by the Arctic Council Working Groups based on
physical, geographical, and ecological characteristics. However, the boundaries of
the Polar Code are not compatible with any of them. Conversely, although there are
similarities between the Arctic and the Antarctic, such as the remoteness and
harshness of the environment, they exhibit significant differences in geographical
conditions, maritime activities, and legal status. Therefore, the Polar Code that
applies to both regions should be reconsidered, accounting for differences between

the Arctic and the Antarctic for further development.

This thesis consists of five chapters. It presents three published independent but

strongly connected papers in Chapters 2, 3, and 4. Chapter 1 provides an outline of



the thesis and an overview of the research articles. The three different articles are
presented in the following chapters as illustrated in Table 1. The conclusion of the
thesis is given in Chapter 5 where the main findings as well as suggestions for further
research areas are presented. The comprehensive overview of these research papers

is provided in the paragraphs below.

Table 1.1 : Publications list.

Research papers Authors Publication

Polar Code Application Meri¢ Karahalil, WMU Journal of

Areas in the Arctic Burcu Ozsoy, Maritime Affairs, 19,
Ozgiin Oktar 219-234.

The Assessment of Arctic ~ Merig¢ Karahalil, Journal of ETA Maritime

and Antarctic Sea ice Burcu Ozsoy Science, 2021; 9 (1): 31-

Condition 40.

Differences in the Scope of

the Polar Code

The Evaluation of The Meri¢ Karahalil, Marine Policy 128

Polar Code by The Survey g o/ 6960 (2021) 104502

Conducted with Those Y '

Ersan Basar,

Who Have Sailed in Polar
Tanzer Satir

Regions, And Suggestions
for Further Improvement

The first article, provided in Chapter 2, focuses on the increasing shipping density in
the Arctic and the areas covered by sea ice that are beyond the boundaries of the
Arctic region’s Polar Code. This article evaluates changes in sea ice extent and
maritime traffic density beyond the Arctic Polar Code areas. The primary reason to
investigate these two issues is the risk posed by sea ice to maritime safety in the
polar waters. Although maritime traffic density and the sea ice exist in these regions,
they are not covered by the Polar Code. The sea ice extent should have been the
primary parameter to limit Polar Code boundaries. It is also revealed at the title of
the regulations “guidelines for ships operating in Arctic ice-covered waters” as given
in 2002 was revised to “International Code for Ships Operating in Polar Waters
(Polar Code)” in 2017. The research question is: Why is the Polar Code, while
enforced for ship operation in ice-covered waters (before)/polar waters (currently),

not applied to some of the sea ice-covered waters? In the introduction part of the
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Polar Code, ice is defined as the source of hazard in the first place. Moreover, it
considers hazards that may lead to the increased probability of incidents with severe
consequences. According to the definition of ice as a source of hazard, “it may affect
hull structure, stability characteristics, machinery systems, navigation, the outdoor
working environment, maintenance and emergency, preparedness tasks and
malfunction of safety equipment and systems;” (Polar Code, 2017, p. 6). Besides,
various definitions of sea ice types, such as first-year ice to old ice, are also included.
Even though several research studies on Arctic shipping exist, little attention has
been paid to Polar Code application areas. Some areas where sea ice is present and

poses a structural risk to ships have been excluded from the Polar Code.

In this study, the 41-year monthly and daily data from the National Snow and Ice
Data Center (NSIDC) database were scanned, and sea ice extent and concentration
numerical data were interpreted as part of sea ice changes in the Bering Sea and the
Sea of Okhotsk. To evaluate the changes in sea ice extent and concentration, based
on historical measurements, satellite imagery and numerical models obtained from
various remote sensing satellites were used. Furthermore, the variation in sea ice
extent had been compared with previous studies, and various aspects of maritime
safety had also been revealed. Moreover, the Automatic Identification System (AIS)
data from marine traffic database were used to determine the areas where the
shipping traffic in the Bering Sea and the Sea of Okhotsk is intensifying. Being
prioritized and intensely used in commerce by countries, the Bering Sea and the Sea
of Okhotsk have strategic and economic importance as they can be opened to oceans
through the Arctic and the Pacific through the Bering Strait. Moreover, the density of
the maritime traffic in these regions and the casualties resulted from various reasons
are shown. The risky areas where the number of accidents are high are shown by
processing some accidents on the map. It is also given with some examples that an
analysis of ship accidents shows that most casualties were associated with sea ice.
Consequently, it is stated that sea ice extent records should be the Polar Code’s
boundary in the Arctic. This research paper is published in the peer-reviewed journal,
WMU Journal of Maritime Affairs 19, 219-234 under the title of “Polar Code
Application Areas” by Meri¢ Karahalil, Burcu Ozsoy, and Ozgiin Oktar (Karahalil et
al., 2020). Earlier versions of the paper have been presented at the 2018 Arctic

Frontiers Conference and Polar Age Symposium in Global Perspective in 2019.
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The second article, presented in Chapter 3, discusses the physical and geographical
differences between the Arctic and the Antarctic in the scope of the Polar Code. The
focus is on sea ice extent and condition differences in two regions, which are critical
to maritime safety. Chapter 3 is connected to Chapter 2 as it provides comprehensive
sea ice conditions and maritime traffic densities in the Arctic. The Arctic and the
Antarctic geographical differences in terms of the Polar Code’s application areas are
evaluated, and sea ice conditions and maritime traffic densities are compared. Data
used throughout this article are several satellite-based data dating back to the 1970s.
Information related to these satellites is provided in the methodology part of this
article. Remote sensing data allow monitoring of the entire Arctic and Antarctic sea
ice extent changes daily. Monthly and yearly averages are calculated by averaging
the daily ice extents. Thus, the differences in sea ice in both regions are more clearly
illustrated in the long-term trend figures. Significantly, the monthly deviation for
Arctic maximum and minimum sea ice extents are March and September,
respectively, and Antarctic maximum and minimum sea ice extents are September
and February, respectively, from 1979 to 2019. Standard deviations of the trends in
these months through the years are calculated and shown in figures. On the other
hand, the relevant interpreted data come from academic articles related to sea ice
research. Since most maritime activities are impacted by sea ice coverage and types,

the study is limited according to physical differences of the Arctic and the Antarctic.

This research paper is published in the peer-reviewed journal, Journal of ETA
Maritime Science, 2021; 9 (1): 3140, under the title “The Assessment of Arctic and
Antarctic sea ice condition differences in the scope of the Polar Code” by Merig
Karahalil and Burcu Ozsoy (Karahalil & Ozsoy, 2021). Moreover, earlier versions of
the paper have been presented at the National Polar Science Conference IV
(December 22, 2020, The Scientific and Technological Research Council of Turkey
(TUBITAK MAM KARE).

The third article, presented in Chapter 4, is strongly connected to Chapters 2 and 3.
In Chapters 2 and 3, the differences between the polar regions are presented in terms
of the importance of maritime safety, and the opinions of people working in the polar
regions and the Polar Code are statistically interpreted in Chapter 4. In this study, the
methodology is applied as follows. The hypotheses are based on the results of



Chapters 2 and 3 and relevant studies related to polar waters maritime safety issues.
The questionnaire was developed based on 17 topics as shown in Appendix 1. It was
prepared on Google forms and shared with the people through LinkedIn and was
restricted to those who have sailing experience in polar waters. All respondents were
granted anonymity. Surveying with experts is a popular method of data collection
when research is relevant to future development. The part of the questionnaire

referring to issues included the following questions:

e Do you think increasing maritime activities are linked to the melting of sea
ice in polar regions?

e Do you think that the Polar Code is sufficient for safe ship operation and the
protection of the polar environment?

e Do you think that the Polar Code needs to be separately developed for the

Arctic and the Antarctic?

HP 1: Age, experience, region, and respondent’s mission affect the part of the
questionnaire referring to differences or the variables:

HP 2: Respondent’s age affects the part of the questionnaire referring to issues.

HP 3: Respondent’s years of experience affects the part of the questionnaire referring
to issues.

HP 4: Respondent’s region of work affects the part of the questionnaire referring to
issues.

HP 5: Respondent’s mission affects the part of the questionnaire referring to issues.

The data were analyzed using the Statistical Package for the Social Sciences (SPSS)
version 22.0. Relevant SPSS tests allowed the formulation of tables based on which
different conclusions were made. Correlation analysis was used to determine the

strength of the connection between factors and dependent variables.

This research paper is published in the peer-reviewed journal, Maritime Policy, 128
(2021) 104502, under the title “The Evaluation of The Polar Code by The Survey
Conducted with Those Who Have Sailed in Polar Regions, And Suggestions for
Further Improvement” by Meri¢ Karahalil, Burcu Ozsoy, Ersan Basar, and Tanzer

Satir (Karahalil et al., 2021).






2. POLAR CODE APPLICATION AREAS IN THE ARCTICs

2.1 Introduction

The Arctic region consists of the Arctic Ocean and its contiguous seas. It is
surrounded by landmasses including Canada, Greenland (Denmark),
Iceland, Norway, Russia, Alaska (The United States of America), Finland, and
Sweden (Council, 2019). However, there are a variety of opinions regarding what

exactly constitutes the boundaries of the Arctic.

The decreasing sea ice extent due to global climate change has been a growing
concern in recent years. NSIDC has recorded record lows. For instance, the Arctic
sea ice extent for September 2019 is the third-lowest in the last 41 years (Serreze et
al., 2019). However, owing to this event, some potential opportunities have emerged
regarding maritime activities such as tourism, fishing, and trans-polar passages in the
Arctic waters. Nevertheless, while maritime activities have increased, so have the
risks in the region. The existence of sea ice and its thickness are important factors
affecting navigational performance, and a vessel’s hull, propeller, or rudder may

incur damages under significant forces from them.

On the other hand, the melting of ice shelves has increased the risk of floating sea
ice, which presents a significant danger for navigation. Compared to the open-water
incident rate, the probability of a maritime accident is 19 times higher in the Arctic
(Loughnane et al., 1995). Unfortunately, several accidents have occurred in this
region in recent years. In this manner, IMO brought to its agenda “Guidelines for
Ships that Operate in Arctic Ice-covered Waters” in 2002. Afterward, in 2010, the
agenda was changed to include Antarctic waters as well. Finally, the development
of the regulations from guidelines to binding legal obligations re-emerged on the

IMO agenda (Jensen, 2016). On January 1, 2017, IMO adopted the Polar Code,

¢ This chapter is based on the paper: Karahalil, M., Ozsoy, B., & Oktar, O. (2020). Polar Code
application areas in the Arctic. WMU Journal of Maritime Affairs, 19, 219-234.
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aiming to supply safe and environmental-friendly ship operations in both the polar

regions (Polar Code, 2017).

During its development, several concerns from a variety of foundations;
International Fund for Animal Welfare (IFAW), Friends of the Earth International
(FOEI), World Wildlife Fund (WWF), and Pacific Enviroment were addressed to
include in the Polar Code. However, when the Polar Code was evaluated according
to maritime casualties and seasonal sea ice extent, it was found to be insufficient and
left much to be desired. Even though the number of maritime activities is predicted to
increase in the Arctic, little attention has been paid to the rest of the sea-ice-covered
waters that lie beyond the Polar Code Arctic boundary and how this lack of attention
affects maritime safety. In this article, we will assess the sea-ice-covered northern
waters that are excluded from the Polar Code. Additionally, maritime traffic density
in these regions will be evaluated and suggestions will be made about the actions that

can be taken to improve maritime safety.

2.2 Study Area

2.2.1 Arctic region; differing boundaries

Some definitions of the Arctic region boundaries have emerged in terms of physical,
geographical, and ecological characteristics. In this frame, some Arctic Council
Bodies such as the Arctic Monitoring and Assessment Program (AMAP), Emergency
Prevention, Preparedness and Response Working Group (EPPR), and Conservation
of Arctic Flora and Fauna (CAFF) have different boundaries illustrated in Figure 2.1
(Arctic Council, 2019).

The most intimate definition of the Arctic region is north of 66° 33'N latitude where
the polar night and the midnight sun are observed. Another approach at definition
involves the region where the average temperature of the warmest month of July
temperature is 10 °C (Przybylak et al., 2003; Stonehouse, 2001). There is, also, a
boundary determined by the vegetation, according to which the Arctic is the region
where trees do not grow (Walker et al., 2005). Yet another definition pertains to the

presence of permafrost (Serreze & Barry, 2014).


https://en.wikipedia.org/wiki/Polar_night
https://en.wikipedia.org/wiki/Midnight_sun
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Figure 2.1 : Arctic boundaries (Grid-Arendal, ADHR, EPPR, NSIDC, AMAP,

CAFF).

Table 2.1 : Arctic boundaries definitions.

L L 1 [ 1

High Arctic Low Arctic Sub Arctic

the Arctic Circle (66°33°22” N) : The Arctic Circle is the southernmost latitude
in the Northern Hemisphere at which the sun can remain continuously above or
below the horizon for 24 hours

10°C July isoterm: Defined as being the area where the average temperature for
the warmest month (July) is below 10° C

Arctic AHDR boundary: Arctic Human Development Report

Arctic EPPR boundary: The Emergency Preventio, Preparedness and Response
Arctic CAFF boundary: The Conservation of Arctic Flora and Fauna

Arctic AMAP boundary: The Arctic Monitoring and Assessment Programme
Arctic Treeline boundary: The northernmost latitude in the Northern Hemisphere
wheretrees can grow; farther north , it is too cold all year round to sustain trees.




Boundaries of Arctic Council bodies differs regarding their assessment activities. For
the AMAP assessment and recognising other factors which may be used to define the
Arctic marine area, such as Arctic marine biology and sea ice cover, the AMAP
marine area to the south of the region also includes the Labrador Sea and Hudson
Bay; the Greenland, Iceland, Norwegian, Barents, Kara Sea, and Bering Sea (AMAP,
1998).

The marine boundary of the Arctic is based on oceanographic characteristics
whereby the warm and less dense waters from the south meet the Arctic Ocean. This
region starts approximately at about 63°N in the Canadian shore or 65°N near the
coast of Greenland. The warm waters of the Atlantic Current may alter this boundary
upto 80°N, west of Spitsbergen, then to the Russian shore. (Stonehouse, 2001).
Recognising the difficulty of assigning a distinct boundary separating the Pacific
water from the Arctic water, the boundary has been arbitrarily drawn across the
Bering Strait as the point at which modification is likely to commence (Stonehouse
1989). Defining the Arctic marine boundary by a direct line across the Bering Sea
may give rise to a debate as it excludes fundamental areas with comparable
environmental characteristics to higher latitudes. For instance, sea ice extends well
below 60°N in the Pacific Ocean while the waters may be ice-free in many parts of

the Arctic Ocean.

2.2.2 Polar Code application areas in the Arctic

In the 1980s, different national implementations regarding the structure of vessels
operating in polar waters started to be developed. Nevertheless, this created
confusion because there was a variety of national regulations (Jensen, 2016). On
January 1, 2017, the mandatory Polar Code was enforced. The Polar Code amends
International Convention for the Safety of Life at Sea, 1974 (SOLAS 74) and
International Convention for the Prevention of Pollution from Ships, 1973
(MARPOL 73/78) with binding regulations. It has been structured into three parts:
Introduction, Part I-A (Ship Safety), Part II-A (Pollution), Additional Guidances:
Part I-B, and Part II-B. Part I addresses a wide range of safety measures such as
operational manual, ship structure, the safety of navigation, life-saving appliances
and arrangements, communication, voyage planning, manning, and training, etc. Part

IT addresses pollution from ships (Polar Code, 2017).
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The working group on development of a mandatory Polar Code concluded that the
definitions of Arctic and Antarctic waters as defined in the Guidelines for Ships
Operating in Polar Waters. However, there are potential conflicts between the Polar
Code and Article 234 of the United Nations Convention for the Law of the Sea
(UNCLOS). According to Article 234 of UNCLOS, sea ice must be present most of
the year (Thorén, 2014). Thus, sea ice extent should also be the determiner of the
Polar Code’ boundary in the Arctic as it is in UNCLOS Article 234. Nevertheles,
there is nothing changed in terms of marine boundaries during the development of
Polar Code. It has already been defined in existing IMO mandatory instruments,
e.g., Antarctic in MARPOL (SDE, 2011). As regards geographical application of

Guidelines 2010, ‘Arctic ice-covered waters’ is defined in Section G-3.3 as:

Arctic waters means those waters which are located north of a line extending
from latitude 58°00°.0 N, longitude 042°00°.0 W to latitude 64°37°.0 N,
longitude 035°27°.0 W and thence by a rhumb line to latitude 67°03".9 N,
longitude 026°33°.4 W and thence by a rhumb line to Serkapp, Jan Mayen
and by the southern shore of Jan Mayen to the Island of Bjerneya and thence
by a great circle line from the Island of Bjerneya to Cap Kanin Nos and
thence by the northern shore of the Asian continent eastward to the Bering
Strait and thence from the Bering Strait westward to latitude 60° N as far as
I’pyrskiy and following the 60th North parallel eastward as far as and
including Etolin Strait and thence by the northern shore of the North
American continent as far south as latitude 60° N and thence eastward along
parallel of latitude 60°.N, to longitude 56°37".1 W and thence to the latitude
58°00".0 N, longitude 042°00°.0 W (see Figure 2.2) (IMO, 2010, p.7).

In Polar Code’s introduction section, there is a definition and a figure which

demonstrate the boundaries of the Arctic waters (Figure 2.2) (Polar Code, 2017).
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Figure 2.2 : Maximum extent of Arctic waters application (Polar Code, 2017).

However, some areas which sea ice present and which pose a structural risk to ships
have been excluded in Polar Code. For instance, these areas are North Atlantic Ocean
to part of the Norwegian Sea along the shore of Norway and the adjacent part of the
Barents Sea to the Kola Peninsula in Russia. The exclusion of these areas is partially
acceptable because sea ice concentration is not a big deal in these areas. However,
sea ice temporarily exists beyond the 60°N part of the Bering Sea, Sea of Okhotsk,
Strait of Tartary, and the Sea of Japan. It is important to describe some of these

regions to understand the situation briefly.

The Bering Strait is 44 nautical miles (nm) wide at the narrowest point, which is
between the Bering Sea and the Arctic Ocean. Vessel traffic through the Bering
Strait has been increasing steadily and sharing with Arctic wildlife. The growth in
shipping operations is expected to continue due to resource development as
decreasing sea ice. Bering Strait transit ship number in total was 220 in 2008 and
increased to 540 in 2015 (Boylan & Elsberry, 2019). Although shipping activity is
low compared to other parts of the world, the capacity to provide aid for vessels in

the strait is limited compared to elsewhere (Bering Sea Elders Advisory Group,
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2011; PEW, 2014; McFarland et al., 2018). IMO approved to designate to six two-
way shipping lanes to protect the marine environment and the people of the region

(Rosen, 2018).

The Bering Sea, a northern extension of the Pacific Ocean, which is over 2 million
km? is surrounded by Russia, Kamchatka Peninsula, Aleutian Islands, Alaska, and
ends in the Bering Strait. Ship traffic through the Bering Sea with the opening of
Yamal LNG and the future Arctic LNG 2 facility, will see more than 1.000 transit
large vessels carrying hydrocarbon resources within the next five years. In addition
to that, there is a large number of smaller non-fishing and fishing vessels. Together
with these vessels, there were more than 110.000 individual voyages in the waters

between Russia and Alaska in 2014 and 2015 (Humpert, 2018).

The Okhotsk Sea, the northwestern extension of the Pacific Ocean, has an
approximately 1.6 million km? area and 10.460 km coastline (Alekseev et al., 2006).
The Sea of Okhotsk is an economically important region that includes oil and gas
fields (Tkachenko, 2008). While oil and gas exploration and exploitation are
increasing, the possibility of oil spills as well (Miller et al., 2004). Due to the
presence of one of the wealthiest fisheries of the world, the fishing industry plays a
significant role in the local economy and results in the distribution of fishing fleets

from not only Russia and Japan but also other parts of the world (Elferink, 1995).

2.3 Maritime Safety and Ship Accidents Caused by Sea Ice in The High North

According to the Polar Code introduction section, sources of hazards, especially ice
create a structural risk to ships. Severe weather conditions and low temperatures also
affect the working environment and human performance, both of which are crucial.
Remoteness, lack of correct hydrographic data, and crew experience are other
sources of hazards observed in these areas. Determining the particular level of ice
extent is not easy, but it is evident that sea ice temporarily exists beyond the 60°N.
Furthermore, weather conditions beyond the 60°N quite like in the Arctic region

(Alekseev et al., 2006).

In challenging the fragile Arctic region, maritime activities are growing as sea ice

extent and volume is decreasing. Thus, it is imperative to analyse the maritime
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incidents caused by sea ice. There are a variety of factors, ranging from humans to
the environment, that cause ship accidents, such as sea state, wind, current, weather,
and sea ice along the polar waters. Moreover, the melting of ice shelves raises the
risks of drifting pack ice. This, together with the factor of the wind can create
dangerous icing conditions (Sahin, 2015). Sea ice existence and thickness are
important factors for navigational performance that the vessel’s hull, propeller, and
rudder may be damaged under significant forces. On the other hand, the lack of
marine infrastructure and accurate charting and the limitations of radio and satellite
communications present significant risks of ice damage or getting stuck in the ice,
groundings, machinery failures, etc. Compared to the open-water incident rate, the
probability of a maritime accident is 19 times higher in the Arctic region (Loughnane

et al., 1995).

An analysis of ship accidents in the Arctic over the previous century shows that a
majority of casualties were related to sea ice. The cases categorised such as ice floe
hit, trapping by ice, and ice jet show the real danger posed by sea ice to shipping
(Marchenko, 2013). Generally, it is possible to rescue a vessel trapped in ice using
modern equipment and technique. However, the problem is time and expenses
involved in conducting that kind of rescue operations. On the other hand, if any oil
spills occur, there are serious concerns about how to clean oil-polluted icy waters.
Most pollution prevention methods are based on open-water conditions in coastline
environments. Emergency Prevention, Preparedness and Response (EPPR) released
oil spill response guidance which is specific to the unique climatic and geographic
conditions of the polar environment (Owens et al., 1998). Unfortunately, even though
it is surrounded by many countries, the vast area of the Arctic region and its and
harsh environmental conditions has rendered emergency preparedness for maritime
accidents in the Arctic insufficient (Sakhuja, 2014). Thus, while making significant
investments to protect the environment, binding rules concerning maritime safety

standards must also be developed.
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Figure 2.3 : Shipping incidents in the Arctic (Arctic Marine Shipping Assessment,
2009).
According to the Protection of the Arctic Marine Environment (PAME)’
comprehensive Arctic Marine Shipping Assessment (AMSA, 2009), Figure 2.3
demonstrates the majority of shipping incidents have taken place in the coastal
waters. The various coloured dots demonstrate the nature of these incidents in the
Arctic. On the other hand, when recent marine incidents were studied to identify the
cases caused by sea ice beyond the Polar Code application areas, there were too
many cases that occurred between the Gulf of Alaska and Northern China coasts/
Yellow Sea, and between the Labrador Sea and Baltic Sea (LM Alloyds, 2013). Some

examples of accidents in these regions are given below.

The fishing vessel Destination which was 33.5 meter length and 196 GT, sank in
remote waters 2.6 nm northwest of St. George Island, Alaska, on February 11, 2017.
None of the six crew members aboard were found in the accident. According to
U.S.National Transportation Safety Board investigation report, while the exact nature

of the accident is unknown because there were no survivors, no witnesses and no
15



mayday call from the Destination, evidence indicates it capsised and sank after an
accumulation of ice on the vessel and its fishing gear after encountering forecasted

heavy freezing spray conditions (NTSB, 2013).

In December 2010, 10 fishing vessels (675 crew) had been trapped by a vast sheet of
drifting sea ice while fishing in Sea of Okhotsk, Sakhalin Gulf. The sea ice was up to
30 cm thick, and the temperature was -22°C. The ships needed icebreaking assistance
to be rescued. More than six hours later, nobody was injured, and all the fishermen
were rescued (BBCnews, 2010; Leon, 2012). As Far East Shipping Company
reported, the rescue operation took a month and cost approximately 5 million USD.
Fortunately, none of the vessels had been damaged. The first vessel had been
escorted 23.6 nm, second 62 nm, and third 150 nm. Towing ropes were broken

several times due to severe ice conditions (Marchenko, 2014).

In December 2013, 6.030 gross tonnage (GT) general cargo ship, Diomid, while
navigating from Magadan to Vladivostok, drifted to the shore due to adverse weather
conditions. The vessel sheltered in Sakhalin Bay and waited for the excellent weather

conditions (LMAlloyds 2013).

2.4. Methodology

The maps of sea ice extent and concentrations in the Arctic and surrounding waters
were developed using brightness temperature imagery in the passive microwave
wavelengths collected by satellites (Emery & Camps, 2017). Satellite remote sensing
provides sea ice data to estimate the total extent where sea ice concentration is more
than 15%. Data from 1978 to 1987 were collected using the Scanning Multichannel
Microwave Radiometer on board the Nimbus-7 Pathfinder (Nimbus-7 SMMR)
satellite, and afterward series of Special Sensor Microwave/Imager (SSM/I)
instruments used which have been carried onboard Defense Meteorological Satellite
Program (DMSP) satellites (Foster et al., 2009). In 2008, the Special Sensor
Microwave Imager/ Sounder (SSMIS) replaced the SSM/I as the source for sea ice
products (Epa & Change Division, n.d.). Remote Sensing Systems generates SSM/I
and SSMIS data products using a unified, physically based algorithm to

simultaneously retrieve the products season (Kern & Ozsoy-cicek, 2018). These
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instruments also provide data regarding surface temperature and surface water which
helps to determine the start and end dates of the melt. NSIDC’s data are derived
from satellite imagery collected and processed by the National Aeronautics and
Space Administration Goddard Space Flight Center (NASA GSFC). However, some
of the instruments past its lifetime and some of these intruments failed that
significantly increased the risk of a gap in coverage in the next years (Gerland et al.
2019). On the other hand, NASA GSFC produces sea ice thickness estimates based
on data from the European Space Agency CryoSat-2 radar altimeter. While direct
estimates of sea ice thickness can be obtained from airborne and satellite systems
using laser and radar altimeters, as well as from submarines using sonar, these data
sources cannot provide sufficiently long and consistent time series to be used as an

indicator (Gerland et al. 2019).

Traffic Density Maps are a simple and effective way of displaying vessel movement
patterns, which contribute to a better understanding of maritime traffic. The
Automatic Identification System (AIS) produces massive amounts of maritime data
daily. It transmits vessel information, such as location, speed, and heading via very
high frequency (VHF) to other vessels and terrestrial or satellite receivers. Terrestrial
receivers are land-based stations that receive messages from vessels within their line
of sight while satellite receivers do not require line of sight. The working principle of
both receivers is similar, by transmitting the received AIS message to a computer for
data storage, processing, and visualization. Several studies attempt to understand
maritime behavior by generating density maps for supporting decision making (Tsou,
2010; Willems et al., 2009). The main shipping lanes and what type of vessels
navigating on which routes can be seen via the created density maps. Most of the
existing methodologies are based on the same approach to generate density maps
where the area to be monitored is divided into cells to create a spatial grid. This
method rebuilds the track of each type of vessel from the recorded positions and
counts how many routes are crossing each cell of the grid during the selected time

period (Zissis et al., 2020).

The archived monthly and daily concentration and extent data are available on the
NSIDC website, and Traffic Density Maps are available on the Marine Traffic

website. We analyze, in particular, the Bering Sea And Sea of Okhotsk sea ice extent
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data provided via satellite records from 1978 to 2019, based on the NSIDC datasets,
and the density of maritime traffic provided by the Marine Traffic.

2.5 Results
2.5.1 The Arctic: The Bering Sea and Sea of Okhotsk Sea sea ice extent

The Arctic sea ice extent reaches its annual minimum (min.) in September that has
decreased approximately 33% since 1979, and it is estimated that it will be ice-free
during the summer months of 2050 (Gerdes & Koberle, 2007; Screen &
Williamson, 2017). According to NSIDC, this year’s min. Arctic sea ice extent
averaged 4.32 million km? (Figure 2.4a). This extent is 2.09 million km? below the
1981 to 2010 average. Arctic sea ice extent reached its maximum (max.) for 2019 at
14.78 million km?. Furthermore, it is 860.000 km? below 1981 to 2010 average max.
(Figure 2.4b) (Serreze et al., 2019). In the northernmost part of the world, the
seawater freezes during the winter months (min. extent in September to max. extent
in March) and melts during the summer, but in some areas, sea ice cover is retained
throughout the year. Moreover, sea ice can exist as far south as 38°N, Bohai Bay,
China (Liu & Horton, 2016). In this study, we focus on beyond the Polar Code
boundary of the Arctic, the Bering Sea, and the Sea of Okhotsk. Thus, the sea ice
extent data evaluated, which is provided via satellite passive microwave records from
2018 to 2019 by the NSIDC. In Figure 2.4b, median sea ice edge 1981-2010, March

2019 sea ice extent, and Polar Code boundary are showed.
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Figure 2.4 : a) Arctic sea ice extent at min. for 2019, b) Arctic sea ice extent at max.
for 2019 (NSIDC, 2019).

In March 2019, sea ice coverage was far below average in the Bering Sea, but it was
slightly above average in the Sea of Okhotsk (Figure 2.4b). Given are some figures
(Figure 2.5 (a-f)) to illustrate the sea ice extent in the Bering Sea, Sea of Okhotsk,

and the Sea of Japan over the last two years, spanning the months December to May.
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Figure 2.5 : a) Bering Sea and Sea of Okhotsk sea ice extents December 2017-2018,
b) Bering Sea and Sea of Okhotsk sea ice extents January 2018-2019, ¢) Bering Sea
and Sea of Okhotsk sea ice extents February 2018-2019, d) Bering Sea and Sea of
Okhotsk sea ice extents March 2018-2019, e) Bering Sea and Sea of Okhotsk sea ice
extents April 2018-2019, f) Bering Sea and Sea of Okhotsk sea ice extents May
2018-2019.

In Figure 2.6 (a and b), the graphs show Bering Sea and Sea of Okhotsk sea ice
extent data for previous years. Although the max. sea ice extent in the Bering Sea
and the Sea of Okhotsk shows significant interannual variations because of changes
in regional air temperature, wind, and sea surface temperature, the max. sea ice
extent in these regions follow a long-term trend of reduction from 1979 to 2019
(Figure 2.7). The annual ice period lasts for an average of 260 days in the northwest
and for 190 - 200 days in the north and the Sakhalin coasts (Alekseev et al., 2006).
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Figure 2.6 : a) Bering Sea monthly average sea ice extents from 1979 to 2019, b)
Sea of Okhotsk monthly average sea ice extents from 1979 to 2019.
The northern part of the Okhotsk Sea is greatly influenced by the Arctic climate, and
its average January temperature ranges between 8°C and -32°C. The cold period lasts
210 - 220 days in the north of the region. In general, the surface water temperatures
of -1.0°C to -1.8°C in February and March that sea ice extent can cover upto 99% of
the water area during severe winters and, in milder winters, about 65%. The sea ice

form is both stagnant and drifting, which is comparable to the Arctic ocean
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(Alekseev et al., 2006). Time series of sea ice extents in the Sea of Okhotsk and the
Bering Sea from March 1979 to 2019 showed in Figure 2.7 (a, b).
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Figure 2.7 : a) Time series representation of March sea ice extents in the Sea of
Okhotsk from 1979 to 2019, b) Time series representation of March sea ice extents in
the Bering Sea from 1979 to 2019.

2.5.1 The density of ship traffic in the region

The availability of instant information from ships is provided by the AIS. Following
the SOLAS rules set by IMO, AIS systems are compulsory in any cargo ship bigger
than 500 GT transiting within national waters, all passenger ships, and all vessels

bigger than 300 GT transiting international routes (Marinetraffic, 2019).
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In 2014, Arctic shipping was found to occupy between 57% and 80% of ice-free
waters (Eguiluz et al., 2016). In the Arctic, shipping will continue to increase as the
ice coverage decreases (Smith & Stephenson, 2013; Stephenson et al., 2013). Density
maps of the regions illustrated in Figure 8, taken from marine traffic application,
which is widely used by mariners and supply a variety of data related to shipping
activities. It is based on the AIS track of vessels (Marinetraffic, 2019). The colours of
lines show routes according to vessel type as in Figure 8 (a-h), the red for tankers,
light green for cargo vessels, blue for passenger ships, orange for fishing vessels,
purple for pleasure crafts, dark green for container ships, yellow for gas carriers, and

light blue for tugs & special craft.

There is a metric bar that the numbers refer to distinct vessels daily and count
positions per square km. The numbers on the bottom right indicate the number of
routes within every 382 km?. The “colder” colours show less dense routes. Moreover,
the “hotter” the colours are, the higher the number of routes. These ship density maps

are created based on the 2017 AIS datasets (Marinetraffic, 2019).

As seen in Figure 2.8 (a-h), according to vessel types cargo vessels, tankers, and
fishing vessels density for the total year rate are quite high. There are a large number
of routes preferred in the areas focused on in this study. No significant accidents
have occurred in these regions but it is obvious that there is a high risk depending on

a large number of ships.
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Figure 2.8 : a) Cargo vessels density map, b) Tankers density map, c) Fishing
vessels density map, d) Container ships density map.
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Figure 2.8 (continued) : e) Pleasure crafts density map, f) Gas carriers density map,
g) Tugs/special crafts density map, h) Passenger ships density map.

25



Figure 2.9 : a) Small size of vessels (GT< 500), b) Medium size of vessels (GT 500
- 25K), c) Large size of vessels (25K - 60K), d) Very Large size of vessels (GT>
60K).

On the other hand, the ship sizes also matter. Figure 2.9 (a-d) demonstrates the

density of ships according to their size that are categorised into four different types.
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Figure 2.9a show small size of vessels which are below 500 GT and the other figures
are medium size (500 GT - 25K), large size (GT 25K - 60K), and very large size (GT

60K >) of vessels respectively.

These figures provide essential tips. As it is seen, while small and mainly medium
size of ships operate more often in these areas, a large and extensive size of ships
slightly operate beyond the Aleutians Islands. When we take ship sizes into account,
which must comply with SOLAS, Figure 2.9b is vital to analyze the Polar Code

application areas and the size of ships.

2.6. Discussion and Conclusion

The decreasing sea ice extent in Arctic waters due to global climate change offers
opportunities by opening Arctic waters as shipping lanes, fishing ground, and
potential cruise tourism destination with the potential risks for more incidents. In this
study, the boundaries of Arctic Council Bodies regarding their assessment activities
to the Polar Code implementation areas are compared. Therefore, we investigated the
maritime safety issues and ship accidents caused by sea ice in the 60°N and beyond
the 60°N. Furthermore, the sea ice extent changes in the Northern Hemisphere based
on NSIDC datasets are examined. After examining the 41-year satellite records of
sea ice extent in the Arctic area, including the Bering Sea and the Sea of Okhotsk,
our analysis concluded that the interannual variations of sea ice extent resulted in
outcomes that were a long-term trend of reduction 1979 to 2019. Although previous
findings indicated that trend of reduction outcomes, our study followed a specific
approach concerning maritime traffic density and maritime safety than those in major
studies conducted previously. The risk level regarding maritime activities within
polar waters differs according to location, season, temperature, weather, sea
conditions, remoteness, ice-coverage, and type of ice, etc. The measures to address
specific hazards in polar waters included in the Polar Code, which is imposed in
2017. However, this is an important finding in the understanding of the Polar Code
that it does not cover all sea ice-covered areas as specifying hazards in the
introduction section. Thus, the present findings confirm that Polar Code’s application
boundary might be modified in the Pacific according to the sea ice period and the sea

ice extent records of the last decades. Additionally, a long period of sea ice extent in
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specific areas, if ship traffic density and recent maritime incidents taking into
account, the development of the Polar Code would be beneficial. Although there
have been few incidents that there is a considerable risk of oil spills in these regions
due to rising oil extraction operations. The potential consequences of an accident are
considerable when the ecological and economic importance of the Arctic region is
taken into account. This assumption might be addressed in future studies. Future
researchers also should consider investigating the impact of decreasing sea ice extent
and increasing maritime activities in these regions. Regardless our research points to
the need for revision of the boundaries of the Polar Code to cover the part of the
Bering Sea and the Sea of Okhotsk to sea ice edge 1981-2010 line instead of an

arbitrary line in order to prevent terrible consequences.
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3. THE ASSESSMENT OF ARCTIC AND ANTARCTIC SEA ICE CONDITION
DIFFERENCES IN THE SCOPE OF THE POLAR CODE’

3.1 Introduction

The Arctic and Antarctic regions are the coldest places on the planet; nevertheless,
their environments are shaped by different forces. The Arctic region consists of the
partly ice-covered ocean surrounded by land areas of the eight Arctic countries. It is
most commonly defined as the region above the 66° 33' N latitude parallel (Sun and
Beckman, 2018; Zielinski et al., 2018). On the other hand, the Antarctic is a frozen
land encompassed by the Southern Ocean, situated south of the 60° S latitude parallel
(The Antarctic Treaty, 1959). There are noteworthy variances between them. For
instance, the Antarctic sea ice forms a symmetric circle around the south pole, while
the Arctic sea ice is asymmetric through some longitudes as a result of ocean
currents and winds (Anisimov et al., 2007; Simmonds, 2015). The Arctic sea ice is
not as mobile as that of the Antarctic and sometimes stays for more than five years.
On the other hand, Antarctica sea ice does not stay on for ages or thicken as much as
that in the northern hemisphere (Anisimov et al., 2007; Maksym et al., 2012). Thus,
sea ice thickness and volume vary notably within both regions; Antarctic sea ice is
characteristically one to two meters thick, while a large part of the Arctic is two to

three meters thick.

It has been proved that although geographical and seasonal differences exist, both the
Arctic and Antarctic are especially susceptible to the impacts of global climate
change with the reduction of sea ice volume and extent (Gerdes and Koberle, 2007,

Masson-Delmotte et al., 2019; Overland and Wang, 2013; Pachauri et al., 2014). It

7 This chapter is based on the paper: Karahalil, M., & Ozsoy, B. (2021). Assessment of Arctic and
Antarctic Sea Ice Condition Differences in the Scope of the Polar Code. Journal of ETA Maritime
Science, 9, (1), 31-40. https://doi.org/10.4274/jems.2021.32448
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should be mentioned that the primary cause for the decline is the increase in global

mean temperatures linked to climate change.

A large amount of ice loss in summer has been accelerated by warmer air
temperatures that have resulted in a delay in the freezing up of polar waters (Stroeve
et al., 2014). Some studies reveal that the Northern Hemisphere may become ice-free
in summers soon (Notz and Stroeve, 2018; Overland and Wang, 2013; Rogers et al.,
2013). On the other hand, according to the 1979-2018 satellite passive microwave
records, increases in Antarctic annual average sea ice coverage reached their highest
record in 2014. However, this was followed by a sharp decline leading to the lowest
value being measured in 2017 (Parkinson, 2019). Notably, sea ice prediction models
and studies indicate that Arctic sea ice extent (SIE) has been decreasing at an
alarming percentage since 1990, whereas the Antarctic region trends have been

different.

The melting rates explained above create less sea ice present maritime opportunities,
particularly in the Arctic (Humpert and Raspotnik, 2012). Potential Arctic sea routes
between the Atlantic and Pacific oceans serve as a new passage for international
maritime transportation organizations that provide financial and time savings due to
the shorter distance between East Asia and Western Europe voyages (Arctic
Shipping: Navigating The Risks And Opportunities, 2014). Although the transit
numbers are still few today, the number of operations has been rising (Smith &
Stephenson, 2013). The Northern Sea Route (NSR) will become an available course
for open water (OW) ships, and the probability of transit will increase by
approximately 94-98% between 2040-2059 (Issue 328, 2013). Moreover, the
research regarding transportation in the Arctic proves that NSR could be a good
alternative route for global logistics (Sahin et al., 2014). Additionally, two types of
shipping activities are expected to grow in the Arctic region, namely, transit
shipping, travel and transfer of goods from one port to another, and regional
shipping, to exploit natural resources. Once there is more open water, the Arctic may
see a boost in traffic with growth in natural reserves extraction. For instance, there is
already an increasing amount of oil and gas transport traffic in the Barents Sea,
tourism traffic in Svalbard, and local fishing in Canada's Northern waters (Borch,
2018; Marchenko et al., 2016). The exploration of vast oil and gas resources will

pave new opportunities in the Arctic for international operators to expand icebreaker
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fleets and invest in ice-class ships. On the other hand, a significant increase has been
observed in large and small passenger ships, private yachts, fishing vessels, and
research vessels (Council, 2009; Erazo, 2009). For instance, the trends to visit these
remote areas by passenger ships to seek out unique ecosystems and species have
been facilitated by tourists (Palma et al., 2019). On the other hand, the case is
different for Antarctica. Antarctic resources are protected by the Antarctic Treaty
(AT) signatory countries, and tourism and fishing are the only profitable activities
adequately recognized by all AT members (Erbe et al., 2019). Additionally, AT
consultative and observer countries enter the region in their vessels to conduct
scientific studies in Antarctica. As the number of vessels increases because of the
situation created by lower quantities of sea ice, numerous environmental and
maritime safety issues have been developed (ASOC, 2008). The maritime activities
are dangerous and pose a threat to sensitive polar ecosystems and vulnerable marine
wildlife and habitats. Moreover, the polar environment's harshness presents
significant risks such as floating ice, thick fog, and polar storms that may cause ice
damage or stocking in the ice, running aground, and machinery malfunctions. Thus,
the risks and hazards of extreme circumstances of the polar regions should be
grasped to take advantage of commercial benefits (Ghosh and Rubly, 2015). It also
highlighted ice navigation research that ice navigation challenges involve
interpreting sea ice conditions, weather, ship classifications, icebreaker assistance,
and crew experience (Kum and Sahin, 2016). An investigation of maritime accidents
in the polar regions revealed that accidents have mostly been related to sea ice,
further categorized as ice floe hit, being trapped by ice, and ice jets (Marchenko,
2013). On the other hand, navigational challenges and the risks for the sips operating
in the polar regions are pointed out by authors as; route selection problem, root cause
analysis of Arctic marine accidents, and navigational risk assessment of Arctic

Navigation (Kum and Sahin, 2015; Sahin, 2015).

The existence of sea ice limits maritime operations at high latitudes in both
hemispheres. Thus, it is essential to know the characteristics of sea ice and its
formation. Therefore, it is crucial to monitor and produce sea ice forecasts to support
maritime operations (Sandven et al., 2006). The Polar Code's (PC) efforts to mitigate
the hazards and reduce risks to the environment elevate "seaworthiness" to a higher

standard (Cullen, 2016). However, there is a single mandatory PC for both polar
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regions. Although the preamble of the PC notes the differences between the two
areas, we argue that some significant differences regarding sea ice have not been
evaluated in the content. The question is, what are these differences and what is their
interaction with PC? In this study, an overview of the Arctic and Antarctic sea ice
condition differences via remote sensing data analyses in the PC's scope is provided.
It is pointed out that the PC's inadequacies with some evidence of the impacts of ice
conditions for ice navigation for further studies. Consequently, the research gaps for

the further polar regions' maritime safety studies are declared.

3.2 Study Area

3.2.1 Seaicein Arctic and Antarctic

The most apparent difference between the Northern Hemisphere and Southern
Hemisphere is their geographical conditions (Kwok and Rothrock, 2009; Maksym,
2019; Maksym et al., 2012; Spindler, 1990). The changes in SIE for each hemisphere
are clarified in the figures below. Figure 3.1 (a and b) demonstrate an example of

max. and min. Arctic SIE. The yellow line indicates 1981-2010.
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Figure 3.1 : a) The Arctic SIE, March 5. 2020, b) The Arctic SIE, September 18,
2019 (NSIDC, 2019).
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NSIDC states that SIE typically covers about 14 million sq km in winter and 5
million sq km in summer. Arctic reaches the smallest SIE each September and grows
to its max. each March. The Arctic SIE has diminished by about three percent per
decade since 1979 (Cavalieri and Parkinson, 2012). The summer means Arctic sea
ice thickness also has declined dramatically, leading to a decrease from 3.64 m in
1980 to 1.89 m in 2008, a total of 48% in thickness (Kwok and Rothrock, 2009).
However, as ice sheets are more likely to crash into each other, thick ridge ice
occurs. The ridge ice generally does not melt during the summer season and
continues to grow the following autumn. The Arctic SIE was recorded at 14.78
million sq km on March 20, 2020, and 4.15 million sq km on September 18, 2019,
650.000 sq km and 2.10 million sq km below the 1981-2010 average min. extent,
respectively (NSIDC, 2019). Recent studies indicate that by 2030, the September sea
ice cover will shrink to 60%, becoming less than 40% in the 2060s and less than 10%
by 2090 (Overland and Wang, 2013).

East
Antarctica

West @ West
Antarctica Antarctica

B medianice edge 1981-2010 B median ice edge 1981-2010

Figure 3.2 : a) The Antarctic SIE, February 20, 2020 (2.69 million sq km), b) The
Antarctic SIE, September 2019 (18.244 million sq km) (NSIDC, 2019).

Most of the Antarctic is perennially coated by ice and snow, and during the winter
season, an average of 18 million sq km of sea ice exists, but only about 3 million sq
km of sea ice remains in summer. Each February, Antarctic SIE reaches its min. and
grows to its max. in September that Figure 3.2 (a and b) show an example of the
Antarctic SIE. As seen, nearly complete sea ice that forms during winters disperses

during summers. The Antarctic annual sea ice max. extent was the second-lowest
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according to the NSIDC satellite record in 2019. Further, the SIE diminished by
13.2% in February 2019, compared to the average month of February between 1979—
2009. The annual min. of the Antarctic SIE 2.69 million sq km in February 2020 and
18.244 million sq km in September 2019, which are 0.404 million sq km and 0.234
million sq km below the 1981-2010 average min. extent, respectively (NSIDC,
2019). The differences considering Southern and Northern hemisphere sea ice

parameters are given in Table 3.1.

Table 3.1 : Polar regions sea ice differences.

Arctic Antarctic
Latitude 90 °N-38°N 55°S-75°S
Geo. Distribution Asymmetric Symmetric
Type of ice Mainly columnar Mainly frazil
Melting Process  Air/ice interaction Ocean/ice interaction
Ice shelf Not present Present
Platelet ice Not present Present
Land fast ice Over shallow water Mainly over deep water
Melt ponds Significant Insignificant
Polynyas Coastal Open ocean

As seen in Table 3.1, there are a variety of differences. Geographical distribution is
quite the opposite when the Arctic sea ice grows asymmetric, whereas the Antarctic
sea ice remains symmetric. Sea ice can currently exist at 38° N in the Arctic and 55°
S in the Antarctic regions. Owing to the difference in sea ice evolution processes, ice
types differ. In the Antarctic, frazil ice is common and columnar surface is also
found, though more rarely. In the Arctic, the topside of ice comprises frazil ice, while
the downside is mainly congelation ice (Spindler, 1990). Many Arctic ice melts at the
air and ice interaction, while the Antarctic sea ice usually melts at the ocean and ice
interaction. As a result, melt ponds are rarely observed in Antarctica, whereas they

take a large part of the Arctic ice surface (Zhang et al., 2018). Thick and extensive
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ice-shelves surround 75% of Antarctica's coastline; however, they are not typical for
the Arctic (Ice shelf collapse, 2020). In Antarctica, relatively large ice platelets are
produced by the flowing, low salinity water underneath the ice-shelves. These ice
platelets can be present up to several meters in depth beneath a sea ice-sheet. In
contrast, platelet ice grows in pools in the Arctic region (Dieckmann et al., 1986).
Landfast ice in the Arctic comes in direct contact with the seafloor, while in
Antarctica, it is typically found at water depths since most of the shallow areas are
sheltered by the ice-shelves shelter. Polynyas are divided into two types. Open-ocean
polynyas are estimated to occur due to deep warm water that is mainly common in
Antarctica. Katabatic winds are believed to cause coastal polynyas typically found in

the Arctic region ( Leppéranta, 2019).
3.2.2 Polar Code (PC)

The IMO undertook work on a code for regulating ship design and building, and
operations in the early 1990s, and the Guidelines for Ships Operating in Arctic Ice-
covered waters were accepted in 2002 (Jensen, 2007). Nevertheless, these guidelines
were to apply only to the Arctic and did not include the Antarctic region. Afterward,
noteworthy arrangements were made by IMO in 2009, amending them to cover the
Antarctic waters (IMO, 2009; Arctic Yearbook, 2014). Finally, the IMO changed the
regulations from guidelines to compulsory lawful requirements. It has been a long
process for the PC, and it entered into legal force on January 1, 2017 (Jensen, 2016;
Polar Code, 2017). The PC is structured on the former IMO instruments, and it
consists of three parts. These are the introduction, safety measures (Part I), and
pollution prevention measures (Part IT). The PC Part II consists of 5 chapters that will
not be evaluated in this study. Within the scope of PC, the sources of hazards in polar
regions have been identified as ice, low temperature, periods of darkness and
daylight, remoteness, and lack of accurate information and crew experience (Polar

Code, 2017).

The PC Part I consist of 12 chapters, and it focuses on the safety of shipping in polar
waters and addresses a wide range of safety measures, including the need for ships to
have a polar certificate and requirements according to types of ships and ice
conditions. Ships are categorized according to their design properties in different ice

conditions. Every ship to which the PC applies shall have a Polar Ship Certificate
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(PSC) concerning the design and construction of ships and equipment, crew and
passenger clothing, ice removal, and fire safety. To support the decision-making
process, the Polar Water Operational Manual (PWOM) was developed to provide
standards for vessels and crew, information about the ship-specific operational
capabilities, limitations, procedures to be followed in normal operations, and the
event of incidents (Polar Code, 2017). The other chapters of Part I are: ship structure,
subdivision and stability, watertight and weathertight integrity, machinery
installations, fire safety/protection, life-saving appliances and arrangements, the
safety of navigation, communication, voyage planning, and manning and training.
Additionally, The Polar Operational Limit Assessment Risk Indexing System
(POLARIS) is a significant tool for assessing the ships' operational limitations and
risk of navigation in ice as the PSC and PWOM, but it is not a mandatory
requirement. Its limitations are the human factor, the frame of application, and legal
status (Fedi, 2018). According to a PC research, shortcomings are stated that it does
not exclude fishing and leisure vessels, it does not propose advanced training for all
crew members, and the pollution risks are not adequately addressed. Additionally, it
does not consider the crew's experience, and all Arctic aspects such light ice

conditions and ships without ice class are treated insufficiently (Fedi et al., 2018).

3.3 Methodology

The sea ice observations have been carried out from ships and coastal stations for
more than 100 years. However, considering the remoteness of the Arctic and
Antarctic regions, in situ measurements are not practical. For this reason, the satellite
era, which gained momentum at the beginning of the 1960s, has become the most
crucial observation method for the polar regions. Data from satellites are utilized
widely in research and to monitor the SIE and other parameters (Ozsoy-Cicek et al.,

2011; Sandven et al., 2006).

The evolution of remote sensing systems for satellites overtime commenced with the
launch of the Russian Cosmos-243 satellite in 1968. Later, NASA launched the
electrically scanning microwave radiometer (ESMR), which supplied data from 1972
to 1977. However, these satellites could not meet the technical requirements;

therefore, development studies continued. With the development of new satellite
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systems, sea ice data has gained reliability. After the ESMR period, the scanning
multichannel microwave radiometer (SMMR) was operated from 1978 to 1987.
SMMR more correctly perceived sea ice concentration extent with at least 15% sea
ice. The US's Defense Meteorological Satellite Program (DMSP) introduced passive
microwave sensors, special sensor microwave imager (SSM/I), and particular sensor
microwave imager and sounder (SSMIS) instruments. The first long-term sea ice
data was provided for scientists after the introduction of SSMR (NSIDC, n.d.). In
2003, NASA launched the Ice, Cloud, and land Elevation Satellite (ICESat) to track
sea ice thickness, ice sheet heights, and land cover. Further, the ICESat-2 launched in
September 2018 provides a more comprehensive and precise ice thickness valuation,
marking a significant development (NSIDC, n.d.). These instruments have provided
the most extended and consistent time series of sea ice data, permitting research on

the tendencies of the sea ice conditions in polar regions.

In 1993, NASA contracted NSIDC to serve as the Distributed Active Archive Centre
(DAAC). The NSIDC DAAC provides comprehensive data on sea ice, ice sheets,
and ice shelves to support research. The NSIDC DAAC archive and distribute
cryospheric data from NASA and help researchers utilize the data products (NSIDC,
2020).

3.4 Results

3.4.1 Arctic sea ice extent (SIE)

Figure 3.3a displays the average monthly SIE values for 1979-2019. From the years
1979 to 2009, the average monthly values are indicated by the thick blue curve. The
red line represents 2019 and remains below the average of 1979-2009 in all months.
In the last decade, all values have remained below average and each year exceeds the
recorded value of the previous year. In Figure 3.3 (b and c), the average monthly SIE
each March and September between 1979 to 2019 is indicated, when the Arctic

ocean begins to freeze and melt, respectively.
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In March, the SIE in the Arctic region is declining at a rate of 2.6% per decade, while
in September is declining at a rate of 12.85%. As the linear trendline shows, the
Arctic SIE for both months is decreasing at a steady pace. September has
experienced the most significant declines thus far. As a result of this decreasing
trend, the periods when sea ice begins to freeze are lengthening. September receives

the most attention because it is the month with the least SIE.

3.4.2 Antarctic SIE

Figure 3.4a displays the average monthly Antarctic SIE for 1979-2019. The thick
blue curve indicates the average monthly SIE values between 1979 to 2015. Figure
3.4 (b and c) shows the average monthly Arctic SIE each February and September
between 1979 to 2019. The February and September 2017 SIEs are the lowest in the
last decade. The Antarctic SIE values for February over the years are even lower than
those in the Arctic in September. Further, the Antarctic SIE values for September are
well above the Arctic max. SIE. The Antarctic monthly and annual SIE values (for
the 41 years of the dataset, 1979-2019) indicate trends until 2014. Following that,
they reach a record low in three years. The Antarctic min. monthly ice extent always

occurs in February and is still well under 5 million sq km.
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Antarctic Monthly SIE

—2019, b) The Antarctic SIE February 1979—

a) The Antarctic SIE 1979
2019, c¢) The Antarctic SIE September 1979-2019.
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Table 3.2 : Arctic and Antarctic SIE differences.

Arctic Antarctic

Max./Min. SIE Mar./Sept. Sept./Feb.

Months

Max. SIE 16.342 x 10°km? (Mar. 1979) 19.756 x 10° km?
(Sept. 2014)

Min. SIE 3.566 x 10°km? (Sept 2012) 2288 x 10° km?
(Feb. 2017)

The trends in SIE; Significant decrease Small decrease

19792019

Snow Thickness Thinner Thicker

Mean Thickness 1976: 5m 0.5-0.6 m

Typical Thickness >2m <2m

Strength of ice High Low

The age of ice Largely multiyear ice Largely one-year ice

The Average Multi- 1979 to 1996; 5.531 x 10°km?, 3.5 x 10%km?
yeariee area 1997 to 2016; 4.226 x 106 km?

As seen in Table 3.2, they both reach their max. during winter and shrinks down to
the min. during summer. The Arctic min. SIE September 2012 and max. SIE March
2017 extents have been the lowest recorded in the satellite's 41 years. The lowest
min. Arctic SIE was 3.56 million sq km in September 2012 and reached its second-
lowest recorded value in 2019. In 2019, the ice extent diminished by 33.23%
compared to the average in the month of September between 1979-2019 and 6.1% in
March. The lowest monthly average Antarctic SIE was 2.288 million sq km in
February 2017, and the record low yearly average for the same was 10.75 million sq
km in 2017. Snow thickness creates a big difference between both poles. Snow
reaches a considerable thickness in Antarctica as compared to the Arctic snow cover.
Further ice thickening may be caused by snowfalls as well as melting and refreezing
of snow. Sea ice thickness varies considerably within both regions. While the typical
sea ice thickness of the Arctic is above two meters, Antarctic sea ice
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characteristically is below the two meters range. Multiyear ice, which has survived
more than one melting season, is three meters thick or more and firmer than one-year
ice. A large part of the Arctic Ocean is composed of multiyear ice, where most of it
occurs as pack ice. Resultantly, the strength of the ice is higher in the Arctic, which
is vital for navigation. The average Arctic multiyear ice has significantly reduced
from 1979 to 2019. The Antarctic mainly consists of seasonal ice that freezes and

melts in a season, and it remains in a few coastal regions.

3.5 Discussions

The development of the PC and its importance and shortcomings for ice navigation
are introduced in section 2.2. Although it is stated in the PC that the differences were
taken into consideration during the efforts for adaptation to the Antarctic, the
changes and differences revealed in this study should be considered for the further

development of PC.

The study related to navigational risks in ice-covered waters emphasizes the
importance of the environmental factors such as ice thickness, ice formation, weather
conditions (wind, fog, visibility, temperature), the drift of pack ice, floating ice floes,
and ice restrictions, which affect the vessel's movement, etc. (Sahin, 2015). Due to its
characteristic of being surrounded by land, the sea-ice stays in the Arctic water while
the opposite condition occurs in the Antarctic. Additionally, the SIE and volume are
diminishing more rapidly in the Arctic than in the Antarctic; these are essential
parameters regarding ships' operational capabilities. Some crucial questions to be
considered are where the ice is and where it is drifting, what kind of ice it is, how
thick and strong it is, and whether icebergs. Within these questions framework,
different applications should be made for both regions depending on the sea ice

conditions.

The area of the PC is also geographically limited. It can be extended to sea ice
concentrations of one-tenth coverage or higher. The PC's Arctic boundary should be
changed to cover the sea ice edge of the 1979-2010 line rather than the 60° N line
(Karahalil et al., 2020). As mentioned in the previous sections, maritime activities in

the Antarctic region involve passengers, fishing, research, and re-supply ships, while
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those in the Arctic include various types of vessels in operation. It is an actual
outcome considering the PC that patterns of activities differ within the Arctic and
Antarctic regions. Additionally, while there has been an increase in the Arctic
maritime activities, no significant traffic density increasing observed in Antarctica in
recent years. The number of unique ships entering the Arctic PC area in the month of
September from 2013 to 2019 has increased by 25% (1298 to 1628 ships), and the
total distance sailed by all vessels increased by 75% (PAME, 2020). Besides, many
vessels currently operating in the polar regions are non-SOLAS, which means not

compliant with PC that may present risks.

There are several definitions of sea ice for navigation. As mentioned in previous
sections, %30 of Arctic sea ice is multiyear ice (3m or thicker) while the Antarctic
mainly has first-year ice (0.3m - 2m thick). Even first-year ice might damage the
vessel hull, and multiyear ice impact might exceed the force of the vessel's strength.
On the other hand, if the vessel's machinery power is limited, drifting ice can easily
collapse, and the vessel might beset in the ice. And, drift ice motion takes place
differently even within each region (Ice shelf collapse, 2020; Talley et al., 2011).
There should be up-to-date ice information for masters sailing in the polar regions to

make tactical navigation decisions.

On the other hand, PC Part I, Chapter 11, "Voyage Planning," goal is to ensure
sufficient information for the safety of ships and the crew and passengers and
environmental protection. One of the most critical issues in this chapter is that the
master shall consider a route, taking into account areas remote from search and
rescue (SAR) capabilities. The remoteness, lack of infrastructure and assets, lack of
accurate charting, and the harshness of the environment make the emergency
response and SAR operations significantly more difficult in the Antarctic.
Additionally, it is highlighted in the Council of Managers of National Antarctic
Programs Report (COMNAP 2019) that although there are significant differences
between the polar regions, there would be best practices to learn from Arctic SAR
agencies. Moreover, multiple criteria such as regulations and restrictions, traffic
congestion, charges, route length, sea depth, weather, sea conditions, etc., are the
critical factors for voyage planning, which differs in two regions (Sahin, 2015). For
instance, the ice-strengthened passenger ship M/S Explorer was the first ship that

sunk in Antarctic waters following a collision with ice in 2007. According to the
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incident report, the primary cause was the ship masters's misjudgment of ice where
they were countering. Even master worked in the Baltic Sea; Antarctic ice conditions
have shown to be rather different from the Baltic (R.L., 2009; Stewart and Draper,
2008).

The human factor in the polar regions is crucial that experienced people are needed.
The human element was the primary contributor to the total number of accidents
(roughly 77%) due to inattention, heavy weather, age, and lack of communication
(AMSA, 2009). Seafarers are usually inadequately trained to deal with polar
conditions (Karahalil and Ozsoy, 2018; Kum and Sahin, 2016). PC Part I Chapter 12,
"Manning and Training" aims to ensure adequately qualified, trained, and
experienced personnel. There should be a curriculum that addresses both polar
regions' differences for the ice navigation in polar waters in basic and advanced level

training.

3.6 Conclusions

In this study, we analyzed the SIE changes in the Arctic and Antarctic regions based
on NSIDC datasets. After reviewing the 41-year satellite records, SIE's variations
indicated a long-term trend of reduction from 1979 to 2019. Although some studies
have demonstrated these lessening outcomes, our analysis takes a precise approach
regarding the differences in the PC's scope. The differences in Arctic and Antarctic
sea ice characteristics were compared within some limitations. Since the results are
obtained through remote sensing data analysis, they represent changes in ice
conditions observed by satellites only. The differences observed according to the
formation processes and features of sea ice that concern navigation have been
introduced. As explained in the methodology chapter, SIE changes measured from
the data obtained from various satellite and remote sensing systems were interpreted
for both regions in our results. And in the discussion section, some critical issues
arising from sea ice condition differences in ice navigation were pointed out. This
study confirms that the PC should be improved. For further studies, researchers
should consider the density traffic of the vessels excluded in the PC. Considering the
results of this study, maritime safety tools can be generated separately for the polar

regions. The PC Part II, Pollution prevention measures, should also be evaluated
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differently, which are the research gaps to be developed for the polar regions.
Regardless, this research points to the need for future improvements of the

mandatory PC for each polar region separately.
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4. THE EVALUATION OF THE POLAR CODE BY THE SURVEY
CONDUCTED WITH THOSE WHO HAVE SAILED IN POLAR REGIONS,
AND SUGGESTIONS FOR FURTHER IMPROVEMENT?*

4.1 Introduction

The Arctic and Antarctic are recognized as being geopolitically important and
extremely vulnerable that ongoing impacts of the global climate change on sea ice
extent (SIE) have likely to affect biodiversity and human activities (Anisimov et al.,
2008). Recent studies project that such changes will continue and will affect socio-
economic trends. For instance, the Arctic shipping routes take a critical role in
having an economic advantage for maritime transportation. Continuous decline of
SIE will create new routes through Arctic waters (Humpert and Raspotnik, 2012; Lee
and Song, 2014; Smith and Stephenson, 2013). According to the Northern Sea Route
Administration (NSRA)’s, two types of shipping activities will grow in the Arctic
region: transit shipping, traveling and transferring of goods; and regional shipping
for natural resources exploitation. Although the transit numbers are still few, the
number of operations has increased in the Arctic waters. Therewithal, non-
environmental factors such as regional trade, global economic and social trends,
tourism, shipbuilding technologies also affect Arctic shipping trends (Dawson et al.,
2018; Meredith, 2019). Moreover, maritime activities differ regarding geographies,
sea ice conditions, infrastructure accessibility, geopolitics, and Arctic countries'
regulations. On the other hand, although, uncertainty in changes in Antarctic sea ice
conditions present challenges to shipborne activities, tourism and fishing are the only
trading activities accepted by Antarctic Treaty (AT) members (Chown and Brooks,
2019; Erazo, 2009). Research vessels are existing all-year-round, reach a maximum

in January and February. Additionally, there are supplying vessels for the supply of

8 This chapter is based on the paper: Karahalil, M., Ozsoy, B., Basar, E. & Satir T. (2021). The
evaluation of the Polar Code by the survey conducted with those who have sailed in polar regions, and
suggestions for further improvement. Marine Policy, 128,(2021),104502
https://doi.org/10.1016/j.marpol.2021.104502.
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fuel and consumables to the Antarctic scientific research stations and search and
rescue assets of the five Rescue and Coordination Centers which are responsible for

coordination and response over the Antarctic Treaty area (COMNAP, 2019).

In order to take advantage of the commercial benefits, the risks and hazards of
extreme circumstances of the Arctic and Antarctic should be understood (Ghosh and
Rubly, 2015). In terms of maritime safety, sources of hazards in polar regions are;
sea ice, low temperature, high latitude, periods of darkness and daylight, remoteness,
shortage of absolute hydrographic data, and lack of crew experience (Polar Code,
2017). Among them, sea ice is a significant risk factor for ships' navigational
performance, which may damage the vessel’s hull, propeller, and rudder under
substantial force or beset in the ice. Moreover, the melting of the ice shelves raises
the risk of floating icebergs, which creates hazards resulting in a collision. On the
other hand, maritime activities threaten the sensitivity of polar ecosystems and
marine wildlife and habitats (Erbe et al., 2019). Although the PC is a risk-based
instrument, it has limited capacity to assist risks (Fedi et al., 2018). The study on
maritime accidents in Arctic waters mentions the importance of crew training and
requirements due to risk mitigation (Kum and Sahin, 2015). Reports of most of the
incidents revealed that human error was the main reason; the ice conditions and the
vessel's speed were not adequately evaluated (Schmied et al., 2017). According to an
information paper submitted by the Antarctic and Southern Ocean Coalition (ASOC)
to the Antarctic Treaty Consultative Meeting (ATCM) XXXVI, most of the ships
were involved in the accident by grounding, hitting, or beset in the ice in Antarctic
waters (ASOC, 2013). Maritime safety depends on the skills of experienced mariners
in the polar waters (AMSA, 2009). Such experience includes knowledge of the
environment, vessel specifications and maneuvering capabilities, operations to
conduct, and competence. As shipborne tourism increasing in Antarctica, self-
sufficiency, people's safety on board, and SAR operation issues are the main topics
in forums like the Council of Managers of National Antarctic Programs (COMNAP,
2016; COMNAP, 2019).

The PC was a milestone set of regulations and guidelines for polar shipping. It adopts
a holistic and risk-based approach to mitigate identified risks. The PC consists of two
main parts: Mandatory provisions and recommendations on safety measures and

pollution prevention (Polar Code, 2017). The safety measures chapters consist of
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necessary functional requirements for the ship’s design and documentation, and the
pollution prevention chapters consist of essential operational and structural
requirements. In the PC's introduction, it is stated as the risk levels may differ
depending on the location, time, ice-coverage, and sources of hazards that may vary
within the Arctic and Antarctic. This study was carried out to introduce some of the
differences between polar regions and evaluate the PC through the questionnaire that
applied to experienced seafarers and scientists working in the region. In this article,
the PC further improvement suggested by taking into account the issues raised. It
organized as follows: study area explains Arctic and Antarctic, section 3 introduces
the development of PC, section 4 characterizes data and methodology, section 5

describes the results, section 6 presents the discussions and the conclusion.

4.2 Study Area
4.2.1 The Arctic

The Arctic was not a significant geopolitical region as it does today. All the
bordering states and even some non-Arctic countries aware of its importance look to
take advantage of economic benefits (Bertelsen and Gallucci, 2016; Hansen et al.,
2016; Lee and Song, 2014; Ma, 2019; The Security Council of the Russian
Federation, 2015). The competing interests make the cold North Pole a potential hot
spot. Eight countries have territories within the Arctic, and they are party to Arctic
Council, which provides cooperation and coordination among them (Ottawa, 1996).
The Arctic States have intervened in binding agreements under the Arctic Council.
These are “Agreement on Cooperation on Aeronautical and Maritime Search and
Rescue in the Arctic, Agreement on Cooperation on Marine Oil Pollution
Preparedness and Response in the Arctic, and Agreement on Enhancing International
Arctic Scientific Cooperation.” These agreements address common concerns for
preserving the Arctic environment and economic sustainability and its evidence that
the Council is turning into significant international cooperation. However, the
jurisdictions and the implementations of the Arctic States within their borders differ.
Although the political and administrative regimes vary between countries, navigation

will be key to further developing human activities.
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As a result of global warming, the Arctic Ocean routes have become more navigable
with decreases in SIE (Humpert and Raspotnik, 2012; Smith and Stephenson, 2013).
For instance, if a vessel transits between Rotterdam to Yokohama, preferably via the
Northern Sea Route (NSR), then via the Suez Canal, it reduces 3.840 nm and nine
days (Lee and Song, 2014). Moreover, it represents fisheries' opportunities, scientific
research, energy development, and tourism with great potential (Boylan and
Elsberry, 2019; Palma et al., 2019; Silber and Adams, 2019). The Protection of the
Arctic Marine Environment (PAME)’s 2019 Arctic Shipping Status Report 1
revealed that maritime activities have grown in previous years. The number of
unique ships entering the PC area in September from 2013 to 2019 has increased
from 784 to 977. Unique ships entering the Arctic PC area increased by 25% (1298
to 1628 ships) from 2013 to 2019. In 2019 of all vessels navigated in the PC area,

41% were fishing vessels, as seen in Figure 4.1.

Additionally, the total distance sailed by all ships increased by 75% from 2013 to
2019. The complete 2013 distance sailed by all vessels was approximately 6.51
million nm, which had risen to over 10,7 million nm in 2019. Another critical data is
the distance sailed by bulk carriers has increased 160% between 2013 and 2019,
which is evidence of increased activities in resource extraction (PAME, 2020).
Especially after the 2010s, maritime activities on the ice navigation routes present
emerging issues. Therefore, it is essential to mitigate maritime safety risks because it

has profound political, environmental, and economic consequences.

2019 Arctic PC Area
Vessel Distrubution
5 0,
55: 3% 165; 10% NN
A ® Fishing vessels
106; 7% 4"
other activities
. 0,
SR Cargo Ships
Passenger ships
261; 16% = Bulk carriers
e Offshore supply ships
m Tankers
274;17%

Figure 4.1 : Shiping Activities in Arctic PC Area in 2019 (PAME 2020).
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It is also necessary to understand sea ice change, which directly impacts maritime
activities. For the last four decades, the average Arctic SIE for all months showed
melting trends. According to NSIDC data, in the 2020 season, Arctic SIE had a max.
of 15.05 million square kilometers (sq. km.) in March and a min. of 3.74 million sq.
km. in September, which are respectively 0.59 million sq. km. and 2.51 million sq.
km. below 1981 to 2010 average max. and min. extents (NSIDC, 2020). Figure 4.2
shows sea ice extent changes in the Arctic. Unfortunately, this downward trend hints

at the fact that we will be encountering the ice-free Arctic soon.

Greenland W i “ Greenland
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Figure 4.2 : a) The Arctic SIE in March 5, 2020, b) The Arctic SIE in September 15,
2020 (NSIDC, 2021).

4.2.2 The Antarctic

Antarctica has been a point of interest of all humankind since its discovery, and it is
recognized as the largest nature reserve in the world where is devoted to peace and
science by the Antarctic Treaty (AT), which currently has 54 parties. Antarctica's
surrounding the Southern Ocean extends from its coast to 60°S latitude determined
by the AT (The Antarctic Treaty, 1959). The AT and the agreements: “The Agreed
Measures for the Conservation of Antarctic Fauna and Flora, the Convention for the
Conservation of Antarctic Seals, the Convention for the Conservation of Antarctic

51



Marine Living Resources, the Convention on the Regulation of Antarctic Mineral
Resource Activities, the Protocol on Environmental Protection to the Antarctic
Treaty (PEPAT)” are named as the Antarctic Treaty System. These agreements
provide for comprehensive protection of the Antarctic environment. For instance, in
the PEPAT, article 7 prohibits any activity relating to mineral resources other than
scientific research. Therefore, there is no diversity in maritime activities like in the

Arctic.

The continent is currently subject to scientific research and activities like fishing and
tourism (CCAMLR, 2020; TAATO, 2019; ASOC, 2008). In 2017/2018 austral
summer, 53 tourism ships reported to the International Association of Antarctica
Tour Operators (IAATO). Therewithal, 46 fishing vessels were registered the
CCAMLR. Fifty-one research vessels were registered with the COMNAP (
CCAMLR, 2020; IAATO, 2019; Overland and Wang, 2013). With the growing
interest in marine resources in the Southern Ocean, illegal, unreported and
unregulated (IUU) fishing activities have led to the expansion of the Antarctic
security agenda. The increased monitoring, control and surveillance related to fishing
has deepened (Haward, 2012). There has been a 10.5% increase in the number of
voyages from 293 during the 2017-18 season to 324 during the 2018-19 season
(IAATO, 2019). Ships are not distributed equally through the Antarctic. The
northwest part of the Antarctic Peninsula and the Ross Sea has the highest density
shipping traffic. This region is preferred because of its proximity to gateway
countries, hosting many research bases and facilities, and having partially accurate

charts.

The Antarctic monthly and annual SIE values (1979-2019) indicated trends upward
until 2014; afterward, it reached a record low in three years. As shown in Figure 3.,
in the 2020 season, the Antarctic SIE had a min. of 2.9 million sq. km. in February
and a max. of 18.77 million sq. km. in September. These are respectively 0.5 million
sq. km. below and 0.3 million sq. km. above 1981 to 2010 average min. and max.

extents. Antarctica sea ice does not remain ages and thicken as much as in the Arctic.
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Figure 4.3 : a) The Antarctic SIE in February 21, 2020, b) The Antarctic SIE in
September 15, 2020 (NSIDC, 2021).
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4.3 The Polar Code

As understood by its name, the instrument applies to ships operating in the harsh,
remote, and vulnerable polar regions, both Arctic and Antarctic. When we search
how the PC came into its final form, we see that its beginning dates back to the early
1990s. Many relevant requirements and recommendations have been developed over
the years. In the 1990s, the diverse challenges in polar waters came forward on the
international agenda, in addition to the mandatory and recommendatory provisions in
existing IMO instruments, and “Guidelines for Ships Operating in Arctic Ice-covered
Waters” were first established in 2002. Afterward, the Maritime Safety Committee
(MSC) considered the Antarctic Treaty Consultative Meeting (ATCM) (Weber,
2012) for expanding the geographical scope to include ice-covered waters in
Antarctic Treaty Area as well. An effort to include waters off Antarctica, in turn, lead
to the Guidelines for Ships Operating in Polar Waters (IMO, 2009), and the move to
develop a mandatory Code followed the adoption by the 86th session of the IMO’s
MSC a legally binding regime for navigation in polar waters was formally proposed.
Those additional provisions are considered necessary to existing requirements of the
SOLAS and the MARPOL. The PC and SOLAS amendments were adopted during
the 94th session of MSC in 2014; the environmental provisions and MARPOL
amendments were adopted during the 68th session of the Marine Environment

Protection Committee (MEPC) in 2015.
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Finally, the mandatory PC entered into force on January 1, 2017. The PC aims to
address risks in polar waters, and it covers the full range of design, construction,
equipment, operational, training, search and rescue, and environmental protection
matters (Polar Code, 2017). The PC is mandatory for individual ships under the
SOLAS and MARPOL Conventions. However, SOLAS does not apply to some
particular types of ships, including cargo ships of less than 500 gross tonnages,
pleasure yachts not engaged in trade, warships, and fishing vessels. These types of
vessels which are not fit within the definition of a SOLAS ship are also called non-
SOLAS vessels. IMO’s MSC and sub-committees are working on the application of
the PC to non-SOLAS ships. Voluntarily, the IMO Assembly adopted a resolution,
safety measures of the PC on non-SOLAS ships (IMO, 2020). IMO’s MSC has also
approved guidelines for navigation and communication equipment and life-saving

appliances and arrangements for ships operating in polar waters in 2019.

The PC defines Arctic and Antarctic application boundaries as in Figure 4.4. Figures
illustrate the Arctic and Antarctic waters, as defined in SOLAS and MARPOL
regulations (Polar Code, 2017).
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Figure 4.4 : Polar Code Arctic boundaries.

54



60"

Figure 4.5 : Polar Code Antarctic boundaries (Polar Code, 2017).

The PC aims for safe operations and the prevention and control of maritime pollution
from ships. It is structured into three parts: introduction, Part I (Ship Safety), and
Part II (Pollution). Polar Code Part I consist of 12 chapters, and it focuses on the
safety of ships and addresses a wide range of measures, including polar ship
certificate and requirements according to types of ships and ice conditions. Ships are
categorized according to their design properties in different ice conditions. Every
ship to which PC applies shall have a Polar Ship Certificate. The Certificate will only
be issued to those vessels with a PWOM based on assessment. The PWOM was
developed to provide information about the ship-specific operational capabilities,
limitations, and procedures to be followed in normal operations and incidents to
support the decision-making process. In order to comply with the functional
requirements, the PWOM should include specific procedures, such as SAR, to be
followed in the event of accidents. During emergencies, PC requires sufficient SAR
coordination communication capability in ships. Additionally, for the safety of the
ships and persons on board, the master is required to take into account operation in

an area remote from SAR capabilities for the voyage planning (Polar Code, 2017).

The PC acknowledges that “While Arctic and Antarctic waters have similarities,

there are also significant differences. Hence, although the Code is intended to apply
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as a whole to both Arctic and Antarctic, the legal and geographical differences
between the two areas have been taken into account.” (Polar Code, 2017, p.5).
However, the differences in physical, political, and legal conditions raise questions
about the adequacy, scope, and application of the Code. In this study, the differences
and problems were presented to evaluate those who work and have experience in

polar regions within the PC framework.

4.4 Data and Methods

This study uses a survey consisting of two parts as the data collection method. The
first part was including demographic profile status. The second part dealt with the
shipping in polar regions and PC. This scale consisted of 17 questions. Each question
was assessed separately. Likert scale used for scaling responses in survey to indicate
level of agreement of participants (5 = Strongly Agree, 4 = Agree, 3 = Neutral, 2 =
Disagree, 1 = Strongly Disagree). The data were analyzed using the Statistical
Package for the Social Sciences (SPSS) version 22.0. Quantitative data were given as
mean £S.D. For normal distribution assumptions, the Shapiro-Wilk test was used.
Skewness and Kurtosis coefficients and distribution in q-q plot graphs were checked.
As the data show a normal distribution, an independent sample t-test was used for
work subject status, One Way Anova test, an LSD’s post hoc multiple comparisons,
was applied to determine statistical significance when the groups consist of more
than two variables. Pearson’s correlation analysis was conducted to observe the
relationship between the questions. Based on the p-value of <0.05, results were

accepted as statistically significant.

4.5 Results

The respondents that participated in this research were selected from among the
senior seafarers and scientists. The questionnaire website's link was shared with the
online platform to the who had worked in polar regions and mostly have PC
certificate. A total of 52 questionnaires were eligible; 2 of them were excluded
because of missing data. Participants were blinded to the questionnaire results.
According to Table 1., 58% of the participant in the survey are Captain, 10% are Dr.,
and 32% of Mr./Mrs. It is seen that 6% of the respondents are in the 20-30 age range,
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32% are in the 31-40 age range, and 62% are more than 40 age. When the people's
experiences in the polar regions are observed, it is indicated that 22% of people have
between 0-5 years, 38% between 5-10 years, and 40% have more than ten years of
experience. It is seen that 34% of the employees work in the Arctic region, 16% in
the Antarctic region, and 50% in both regions. 48% of the respondents are Master /
Chief Mate, 12% are sea ice scientists, 14% are from Officer in Charge of a
navigational watch, 18% from Maritime Authority / Adviser / Expert, and 8% are
consists of the crew. The majority of respondents (90%) have the experience to work
subject to SOLAS and MARPOL. On the other hand, the rest of the 10% did not
work on ships subject to SOLAS and MARPOL.

Table 4.1: The descriptive statistics of respondents.

Variables n %
Title
Captain 29 58
Dr 5 10
Mr./Mrs. 16 32
Age
20-30 age 3 6
31-40 age 16 32
More than 40 31 62
Experience
0-5 years 11 22
5-10 years 19 38
More than 10 years 20 40
Region
Arctic 17 34
Antarctic 8 16
Arctic and Antarctic 25 50
Mission on the ship
Master/Chief Mate 24 48
Sea ice Scientist 6 12
Officer in Charge of a 7 14

navigational watch
Maritime Authority

Adviser/Expert ? 18
Crew 4 8
Solas & Marpol Vessel
Yes 45 90
No 5 10

The relation between participants' sea service (experience) and each question was

examined at the first stage of the analysis. According to ANOVA analysis results,
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there was no statistically significant difference between participants' sea service and
questions in the survey. (F=1,547; p>0,05) Even though there was no statistically
significant difference as stated above, each 17 questions were examined one by one
to get precise results. In this context, it's found that the experience of each participant
made a statistically significant difference inside the group considering the following
two questions; “The PC phase II would be required to identify measures that should
be made applicable to those vessels not covered by the PC, including fishing vessels,
small cargo ships (<500 GT), and pleasure yachts. Do you think that should it be
mandatory provisions?” and “Do you think that the PC needs to be separately

developed for the Arctic and Antarctic?”

When the reason for the difference between groups was examined according to the
first question, it is noticed that the participants who have sea service experiences of 5
to 10 years answered as 4,58 on average. And the participants who have sea service
above ten years answered as 4,05 on average. Given that, the foregoing facts show
that the question is mostly supported by the participants who have sea service of 5 to
10 years. The other significant difference considering above stated second question is
the participants who have sea service 0 to 5 years supported the question more (4,36
average) than the participants who have sea service above ten years (3,20 average).
In light of the foregoing information, it is seen that as the sea service experience
increases, the idea of developing the PC between sections becomes weak by the

participants.

In the other phase of the study, the participants' answers to the questions working in
different regions are examined. In this context, The ANOVA analysis was carried
out, and it is seen that there was not any statistically significant difference between
regions in term of answers. (F=0,134; p>0,05), Even though there wasn't any
significant difference between regions as stated above, given responses from
participants who are working in different regions were examined one by one to get
precise results. Consequently, it’s noticed that the participants who were working in
the Arctic region answered the following question as 4,00 on average, and the
participants who were working in both the Arctic and Antarctic regions answered as
4,68 on average. “Do you think there is a difference in search and rescue capacities

in the two regions?” Given that, it has been observed that the participants who have
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the experience of working in both regions noticed the need for SAR capacities more

clearly (F=4,722; p<0,05).

In another analysis of the study, working onboard vessels status which subjects to
SOLAS and MARPOL was examined according to each question in the survey by
independent sample t-test, and it is observed that there was not a statistically
significant difference between groups and the given answers (F=1,501; p>0,05). The
answers by age were examined with the ANOVA test, and it is seen that there was no
significant difference between groups in terms of ages (F=0,532; p>0,05). Whether
or not the occupational status creates a statistically significant difference in the
questions was tested by ANOVA analysis. It is observed that there was not any
significant difference among the groups. (F=0,178; p>0,05) Besides, answers given
based on the questions were very close to each other. Thus, the occupational status of

the participants was not considered to be a significant criterion.

According to correlation results, the relation between each question was examined.
In this context, the relation between the following two questions was found to be
significant in a positive mid-level affecting way. “Do you think there is a difference
in maritime accident risks in the two regions?” and “Do you think that the PC needs
to be separately developed for the Arctic and Antarctic?” (r=.577, p<.01). Based on
this result, the participants who agree with the idea of "there is a difference between
accident risks for different regions" were observed to support the concept of

developing the PC separately for both regions.

Also, another significant relation was found in a positive mid-level affecting way
between the following two questions. “Considering the protection of marine life and
cultural heritage in the two regions, do you think there should be regional/sectoral
restrictions in the PC? (please consider marine mammal avoidance during voyage
planning: speed limits, extra watchman, etc.) and “Considering the protection of
marine resources, do you think there should be underwater noise restrictions in the
PC?” (r=.542, p<.01). Based on this result, the participants who agree with the idea
of "regional/sectoral restrictions were to be applied to protect marine life, and
cultural heritage" were observed to support the concept of developing the PC in a

way that includes restrictions to prevent underwater noises.
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Another significant relation is also found between the following two questions. “Do
you think the difference in sea ice characteristics affects the navigational and
maneuverability of the ships?” and “Do you think there are differences in terms of
maritime safety in the two regions?” (r =.478, p<.01). And again, the effect of the
relation is in a mid-level positive way. Based on this result, it’s observed that the
participants who agree with the idea of "sea ice characteristics affect the navigational
and maneuverability of the ship", are also agreed with the idea of "there are

differences in terms of maritime safety in two regions".

Finally, the last significant statistical relation was found between the following two
questions. “Do you think that the types and characteristics of sea ice in the two
regions are different?”” and “Do you think there is a difference in search and rescue
capacities in the two regions?” (r=.441, p<.01). It is observed that the effect of the
relation is in a mid-level positive way. Based on this result, it’s observed that the
participants who agree with the idea of " types and characteristics of sea ice are
different in the two regions" are also agreed with the idea of "there is a difference in

search and rescue capacities in two regions."

Before the analyzing phase, reliability analysis was carried out to check the
questions' internal consistency and randomness. And it is observed that the question
about “prevention of pollution by sewage” affects the reliability in a bad manner.
Thus, the mentioned question is excluded from the study, and the resulting
Cronbach’s alpha coefficient is calculated as 0,705 for the PCs scale, as seen in
Table 4.2. As this value satisfies the study's reliability criteria, all analyses were

made over remained 16 questions, and nomenclature is given in Table 4.3.

Table 4.2 : Reliability statistics.

Cronbach' Based on N of
s Alpha  standardized items  items
,705 , 719 16
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Table 4.3 : Nomenclature.

N Number
X Mean
SD  Standard deviation
F F distribution/
Fisher snedecor
distribution
p Probability value

The results regarding the PC were found out in the level of “agree” in general. The

highest score was determined in the idea of “There is a difference in search and

rescue capacities in the two regions” (4,40), while the lowest score with the idea of

disagreeing was “Legal and geographical differences between the two areas have

been taken into account in the PC” (2,64) (Table 4.4).

Table 4.4 : Descriptive statistics of the PC expressions.

Expressions X SD

1. Increasing maritime activities are linked to the melting of seaicein 3,54 1,15
polar regions

2. The PC is sufficient for safe ship operation and the protection of the 3,02 0,98
polar environment

3. Legal and geographical differences between the two areas have been 2,64 0,98
taken into account in the PC

4. The types and characteristics of sea ice in the two regions are different 4,20 0,86

5. The difference in sea ice characteristics affects the navigational and 4,28 0,81
maneuverability of the ships

6. There are differences in terms of maritime safety in the two regions 4,32 0,82

7. The PC requirements in terms of "manning and training or ice 2,86 1,21
navigation courses are adequate

8. There are a difference in search and rescue (SAR) capacities in the two 4,40 0,76
regions

9. There is a difference in maritime accident risks in the two regions 4,08 1,00

10. The PC boundaries are sufficient considering the SIEs 2,76 1,02

11. There should be regional/sectoral restrictions in the PC 4,16 0,71

12. There should be underwater noise restrictions in the PC 4,02 0,89

13. The prevention of pollution by sewage from ships requirements are 3,10 1,13
adequate in the PC

14. It should be mandatory provisions for PC Phase II. 4,32 0,62

15. Port State Control is eligible for identifying deficiencies in ships 3,38 1,10

16. The PC needs to be improved 422 0,71

17. The PC needs to be separately developed for the Arctic and Antarctic 3,68 1,17

61



Table 4.5 : ANOVA test results according to the PC.

Scale Groups N X SD. F p
Experience
PC 0-5 Years 11 3,86 0,30
5-10 Years 19 3,80 0,38 1,547 0,224
More than 10 Years 20 3,63 045
Region
PC Arctic 17 3,70 0,41
Antarctic 8 3,76 0,42 0,134 0,875
Arctic and Antarctic 25 3,77 0,40
Age
PC 20-30 age 3 3,96 0,37
31-40 age 16 3,70 0,35 0,532 0,591
More than 40 31 3,75 043
Mission on the ship
PC Master/Chief Mate 24 3,73 041
Maritime Expert 9 3,80 0,43
Officer in Charge 7 3,71 0,57 0,188 0,943
Sea ice scientist 6 3,83 0,30
Crew 4 3,64 0,11
Solas and Marpol Work 7 3,71 0,57
PC Yes 45 3,72 0,41 1,501 0,294
No 5 3,93 0,27

4.6 Discussion and Conclusion

Within this study's scope, 17 questions were asked to 50 persons who participated in
the questionnaire. These questions have been analyzed in terms of age, experience,
the region of work, rank, and working status in ships subject to SOLAS and
MARPOL of participants. Participants remained neutral (3,02) on the PC's
sufficiency while agreeing (3,54) that decreasing SIE might have increased the

maritime activities.

The content of the PC is briefly evaluated below regarding our survey results:

1. The Arctic is an ocean surrounded by five coastal states and governed by the
UNCLOS and associated instruments. When assessing Article 234 UNCLOS
and the PC, it is crucial to keep in mind that Article 234 is a part of UNCLOS
and the PC is an IMO instrument. For instance, it would allow Arctic States
to use Article 234 as a justification for applying stricter discharge rules than
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those laid down in the PC, and regarding safety measures, it's the same as
well, since UNCLOS is a part of international law (Bartenstein, 2019;
Gavrilov et al., 2019). On the other hand, the Antarctic is governed by the
specific regime, the Antarctic Treaty, and related documents known as the
Antarctic Treaty System (ATS). The ATS has protected the untouched
Antarctic environment from resource extraction, sustainably managed
fisheries, devoted peace, and science, and is widely regarded as a model in
international environmental law (Weber, 2012; Wing, 2017). Even though
50% of participants are operating in both regions, responses close to neutral-
disagree (2,64) have been received in the survey that the PC considers the
differences in the two areas. Thus jurisdictional conflicts and geographical

differences might be reevaluated in the PC.

The participants agree/strongly agree (4,32) that there are differences in terms
of maritime safety in the two regions considering the lack of accurate
charting and complete hydrographic data and information and the types and
characteristics of sea ice in the Arctic and Antarctic regions are different,
which affects the navigational and maneuverability capabilities of the ships
(4,28). Thus, It is essential to train seafarers regarding ice formations and
characteristics. Polar navigation training/courses should include sea ice types
knowledge, ice navigation, vessel maneuverability in ice, and stability issues
(Schmied et al., 2017). However, participants neutral/disagree (2,86) with the

adequacy of PC manning and training requirements.

The participants agree/strongly agree that there is a difference in maritime
accident risks (4,08) and SAR capacities (4,40) in the two regions. Safety and
emergency preparedness are highly crucial that not only small casualties but
also large-scale emergencies such as the evacuation of a large cruise ship
should be taken into account for the SAR operations. Due to lack of
infrastructure, the time of rescue is long in terms of range and capacity to
carry survivors under unlikely weather conditions. Although SAR
organizations cannot guarantee the expected time of rescue, the PC safety
requirement and lifesaving appliances capability shall never be less than five
days. In 2016, the SAR exercise North of Spitzbergen report indicated that

the related technology must be developed for the equipment to be functional
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(SARex, 2016). The Arctic countries have adopted regional agreements and
international rules for Arctic shipping and SAR. However, the COMNAP
holding workshops on SAR stated that SAR regions of the Antarctic have
different characteristics in terms of distances to the mainland of responsible
countries (COMNAP, 2019). For instance, the shortest distances are
approximately 500 nm from the Antarctic Peninsula to South America, which
means the arrival time is long to conduct SAR operations. Moreover, the
availability of assets varies throughout the summer and winter seasons.
Additionally, It is highlighted in the COMNAP's SAR Workshop Report that
although there are significant differences between the Polar regions, there
would be best practices to learn from Arctic SAR agencies (COMNAP,
2019). For instance, according to the analyses of the three SAR exercises held
in Arctic, it is proved that SOLAS-certified rescue equipment is not
compliant with the PC requirements for survival. And re-assessment of the
PC’s requirments for survival and maximum expected time of rescue should

be addressed (Engtrg et al., 2020).

. The participants neutral/disagree (2,76) that the PC boundaries sufficiency
considering the SIEs. The marine boundaries of the Arctic region have been
defined differently by the Arctic Council Working Groups based on physical,
geographical, and ecological characteristics. However, the boundaries of the
PC are not compatible with any of them. It does not cover all the ice-covered
areas, primarily through the Pacific ocean where the sea ice generally exists,
as in Figure 5 (Karahalil et al., 2020). On the other hand, in the Antarctic, for
latitudes higher than 60°S, some regions have not been any sea ice
appearance for decades. The Convention on the CCAMLR area boundaries
are different from the identified Southern Ocean’s 60°S latitude. The

application boundaries might be modified.
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5. The participants agree (4,16) that there should be regional/sectoral
restrictions in PC considering the protection of marine life and cultural
heritage regarding marine mammal avoidance during voyage planning: speed
limits, extra watchman, etc., the two regions. For instance, cetaceans are
particularly sensitive to vessel disturbance, acoustic effects, and in the case of
bowhead whales, ship strikes in the Arctic (Hauser et al., 2018). Moreover,
there should be underwater noise restrictions considering protecting marine
resources (4,02) (Ahmasuk et al., 2018; PAME, 2019; Riley and Hollich,
2017). Detecting key habitats to avoiding routes and minimizing noise
pollution could be effective ship-based measures, all of which can be further

enhanced by restricting speed.

6. The PC is mandatory for specific categories of ships under the SOLAS and
MARPOL Conventions. The IMO adopted an assembly resolution urging
member states to implement, voluntarily, safety measures of the PC on ships
not certified under the SOLAS Convention (IMO, 2020). However, when it is
considered that there are a lot of non-SOLAS vessels operating, voluntary
practice will raise question marks. The participants agree/strongly (4,32)

agree that PC Phase II should be consist of mandatory provisions.

7. Another criticism of the PC is the lack of a joint enforcement mechanism to

control measures adopted and ensure compliance. As such, the PC does not
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include a specific instrument to ensure compliance; instead, flag states, port
states, and coastal states are relied upon to provide enforcement and control
of the new regime (Erazo, 2009). The participants neutral/agree (3,38) that
the Port State Control (PSC) is eligible for identifying deficiencies in ships
regarding PC implementations. Unfortunately, not all Flag States comply
with their international commitments. The Port States also have the authority
to inspect the fulfillment of the IMO requirements; however, there is no
coastal state sovereignty recognized in Antarctica. Thus, the development of
an Antarctic Memorandum of Understanding (MOU) would be effective on

the ships going to the Antarctic to minimize risks.

As maritime activities are growing, it has several impacts and threats on the Arctic
and Antarctic environment and life safety at sea. We compared the maritime
activities and SIE changes in the two regions, and the PC development is briefly
explained. The purpose of this study is to reveal the shortcomings of the PC that need
improvement. For this reason, we statistically interpret how the differences between
the two regions and some issues in the PC were evaluated by the people working in
this region. These issues highlight the need and the challenges of further developing
the PC. IMO is a recognized competent body that has a vital role in strengthening
regulations concerning safety and environmental issues. At present, several problems
remain unsatisfactory addressed or are simply not adequately regulated. When we
examine the questionnaires' results, the answers given to each question point out that
PC should be improved. A further study to identify deficiencies of the ships planning
to operate in polar waters by the authorities who carry out their controls, would be
enlightening. We believe that by building a bridge between the main parties involved
in the regulation of polar waters operation and those working in polar waters, the

PC’s requirements can be re-evaluated.
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5. CONCLUSIONS AND RECOMMENDATIONS

With the changes in the polar regions due to global climate change, countries’
interest in the these regions has increased. Furthermore, as maritime activities are
increasing, so are the several impacts and threats on the Arctic and the Antarctic
environment and the safety of life at sea. Although the Arctic and the Antarctic
regions have similarities, there are significant differences between them in terms of
their political, legal, geographical, and physical conditions. Considering the polar
regions’ geographical and physical conditions, maritime activities and examples of
marine accidents have increased the importance of safety and environmental issues.
Therefore, the measures to address specific hazards in polar waters included in the
Polar Code were imposed in 2017. This thesis focuses on the recent changes and
developments in the two polar regions and the associated Polar Code deficiencies.
IMO is a recognized competent body vital to strengthening regulations concerning
safety and environmental issues. However, at present, several problems remain

unsatisfactorily addressed or inadequately regulated.

This thesis comprises three independent but connected papers on some Polar Code
deficiencies developed for ships operating in the polar regions. The first article
focuses on sea ice changes and maritime safety issues in the Arctic. In this respect,
the boundaries of Arctic Polar Code areas and ship accidents caused by sea ice
beyond these areas were investigated. Furthermore, the sea ice extent change was
evaluated in the Northern Hemisphere based on NSIDC data sets. The analyses
revealed that the interannual variations of sea ice extent have undergone a long-term
reduction from 1979 to 2019. Therefore, this is an essential finding indicating that
Polar Code does not consider all areas covered with sea ice as specifying hazards in
the introduction section. Thus, the present findings confirm that the Polar Code’s
application boundary needs to be modified in the Pacific according to the sea ice

period and the sea ice extent records of the previous decades. This research
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highlights the need to revise the Polar Code’s boundaries to cover the part of the
Bering Sea and the Sea of Okhotsk to sea ice edge 1981-2010 line instead of an
arbitrary line (Karahalil et al., 2020).

The second article compares the changes and differences in both regions and points
to the Polar Code’s shortcomings. The Arctic and the Antarctic regions’ sea ice
extent changes were analyzed based on 41-year satellite records, which indicated a
long-term reduction from 1979 to 2019. Although some other studies have also
demonstrated these outcomes, our analysis takes a precise approach regarding the
differences in the scope of the Polar Code. The differences were observed according
to the formation processes and sea ice features that concern navigation. In
conclusion, maritime safety tools can be generated separately for the polar regions

(Karahalil & Ozsoy, 2021).

In the third article, the opinions of seafarers and scientists working in the polar
regions are presented with the survey study created from the findings made in the
first two articles and literature. According to the results of the questionnaires, the
answers to each question highlight that the Polar Code should be improved.
Accordingly, this study points to the need to improve the mandatory Polar Code for
each polar region separately. Additionally, if ship traffic density and recent maritime
incidents are considered, the Polar Code’s further development would be beneficial

(Karahalil et al., 2021).

For further studies, researchers should consider investigating the vessels excluded in
the Polar Code. Additionally, the authorities who carry out controls should identify;
deficiencies in the ships planning to operate in polar waters this would be
enlightening. Finally, by building a bridge between the primary parties involved in
regulating polar waters operation and those working in polar waters, the Polar Code’s

requirements can be reevaluated.
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APPENDIX A: Polar Code Questionnaire

Title/ How old are you? / How long have you been working in polar regions?

In which polar region do you have sailing experience? / What is/was your mission on the ship?

Is/was the ship you work subject to SOLAS and MARPOL?

1. Do you think increasing maritime activities are linked to the melting of sea ice in polar regions?

2. Do you think that the PC is sufficient for safe ship operation and the protection of the polar
environment?

3. The PC is intended to apply as a whole to both Arctic and Antarctic. Do you think that the legal
and geographical differences between the two areas have been taken into account in the PC? (in
terms of legal differences, please consider the Arctic countries' implementations during the
voyages in their territorial waters/ exclusive economic zones and the Antarctic Treaty System
implementations.)

4. Do you think that the types and characteristics of sea ice in the two regions are different?

5. Do you think the difference in sea ice characteristics affects the navigational and
maneuverability of the ships?

6. Do you think there are differences in terms of maritime safety in the two regions? (Please
consider the lack of accurate charting and complete hydrographic data and information,
navigational aids and seamarks, etc.)

7. "Potential lack of ship crew experience in polar operations, with potential for human error"
considered as a source of hazards in the PC. Do you think that PC requirements in terms of
"manning and training (Part I-A Chapter 12)" or ice navigation training/courses are adequate?

8. Do you think there is a difference in search and rescue capacities in the two regions?

9. Do you think there is a difference in maritime accident risks in the two regions? (Please
consider the geographical location, ice-coverage, etc.)

10. Do you think the PC boundaries are sufficient considering the sea ice extents?

11. Considering the protection of marine life and cultural heritage in the two regions, do you think
there should be regional/sectoral restrictions in PC? (Please consider marine mammal avoidance
during voyage planning: speed limits, extra watchman, etc.)

12. Considering the protection of marine resources, do you think there should be underwater noise
restrictions in PC?

13. Considering the protection of the marine environment, do you think the prevention of pollution
by sewage from ships' requirements are adequate in PC? (Part II-A / Chapter 4.2.1. discharging
sewage that at a distance of more than 12nm from any ice-shelf or fast ice...allowed)

14. The PC phase II would be required to identify measures that should be made applicable to
those vessels not covered by the PC, including fishing vessels, small cargo ships (<500 GT), and
pleasure yachts. Do you think that should it be mandatory provisions? (The safety provisions of
the PC, as implemented through the SOLAS, primarily apply to cargo ships of 500 GT or larger
and to all passenger ships.)

15. If a vessel will undertake a voyage into polar waters, then the inspection would include PC
requirements. Do you think that Port State Control (PSC), under a Memorandum of Understanding
(MOU) scoring system, is eligible for identifying deficiencies in ships?

16. Do you think that the PC needs to be improved?

17. Do you think that the PC needs to be separately developed for the Arctic and Antarctic?
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