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How does sea ice affect shipping operations?

A Structural damage

Structural damage due to interaction with ice
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@ How does sea ice affect shipping operations?

NTNU A Structural damage

A Increased resistance (fuel consumption)

e |lce-going vessel

Brash ice channel

Ice belt, E 02L
midbody region

7 Upper bow
1/ Ice belt

uiwL

Ice belt,
\) bow region
Y T LWL

P ““/;— ~: -~ i w. £ —
| 4% - :7."" =, Z '-?(”.‘-zﬂ//v e e e e 5framoFspac:ng; (s)
Icebreaker esforting convoy of ice-going vessels Ice belt, whare waterines aro parailel

stern region to the centerline

Icebreaker; Ice-breaking cargo vessel
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Sea ice terminology

Parameters used to define ice conditions in an area;

A Ice concentration (C) i amount of ice in a given area
(fairly simple to estimate using remote sensing techniques)

C<1/10
(open water)
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Sea ice terminology

Parameters used to define ice conditions in an area;

A Ice concentration (C) i amount of ice in a given area
(fairly simple to estimate using remote sensing techniques)

(very open drift)
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Sea ice terminology

Parameters used to define ice conditions in an area;

A Ice concentration (C) i amount of ice in a given area
(fairly simple to estimate using remote sensing techniques)

4/10 < C < 6/10
(open drift)
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Sea ice terminology

Parameters used to define ice conditions in an area;

A Ice concentration (C) i amount of ice in a given area
(fairly simple to estimate using remote sensing techniques)

7/10 < C < 8/10
(close pack)
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Sea ice terminology

Parameters used to define ice conditions in an area;

A Ice concentration (C) i amount of ice in a given area !.
(fairly simple to estimate using remote sensing techniques) ~

9/10 < C < 10/10
(very close pack)
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Sea ice terminology

Parameters used to define ice conditions in an area; ’

A Ice concentration (C) i amount of ice in a given area i
(fairly simple to estimate using remote sensing techniques) ~

C =10/10
(consolidated ice)
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NTNI

Norwegian University of Science and Technology

Sea ice terminology

Parameters used to define ice conditions in an area; ’

A Ice concentration (C) i amount of ice in a given area i
(fairly simple to estimate using remote sensing techniques) ~

L

A Ice thickness (T) i [undeformed (level) ice|+ deformed ice (ridging, rafiing)-
(difficult to estimate using remote sensing techniques)

Formation of an ice ridge

Keel

T ».

Ice field containing deformed and undeformed ice

Milakovil A.; Arctic 2030 WP3; May 30", 2016; Busan, South Korea ntnu.edu/sast
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Sea ice terminology

Parameters used to define ice conditions in an area;

A Ice concentration (C) i amount of ice in a given area
(fairly simple to estimate using remote sensing techniques)

A Ice thickness (T) i undeformed (level) ice + deformed ice (ridging, rafting)
(difficult to estimate using remote sensing techniques)

A Form of ice (floe size) i Ice floe is any relatively flat piece of ice

N Ar cstypically composed of ice floes of varying sizes. Some ice floes
can be extremely large (e.g., on the order of kilometers) and can be

regarded as level ice; and some other floes can be so small (e.g., on the
order of meters) that can be treated as a member of a broken ice field.

0
( Ref . L Flpelce D &leping Structurel nt er ajcti onso
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Egg Code

Total Concentration

@ Stages of Sea Ilce Development @

A Partial C:B:enr.raﬁon C

51 2

Stage and Thickness

7 1. 1

Form and Floe Size

4 5

(Ref. World Meteorological Organization, 1975)

Stage Thickness Code
MNew lee - Frazil, grease, slush 0-10 cm 1
Milas, lce Rind 0-10 cm 2
Young lce 10-30 cm 3
Gray lce 10=15 em 4
Gray-White lce 15-30 em 5
First Year log 30120 em ]
First Year Thin lce 30-70 em T
First Year Thin-First Stage Ice 30-70 cm ]
First Year Thin-Second Stage lce 30-70 em 9
Medium First Year lce T0-120 cm 1s
Thicx First Year lce More than 120 cm 4.
Old lce = survived at least 1 melt season | More than 200 cm Ta
Second Year lca Mare than 200 cm B
Multi-Year lce More than 200 cm e
lce of Land Origin A
% Forms of Sea Ice %

Form Size of Floe Code
MNew loo 0em- 10 cm X
Pancake lce 30cm-3m 0
Brash |ce Less than 2 m 1
lce Cake Am-20m 2
Small lce Floe 20m - 100 m 3
Medium loe Floe 100 m - 500 m 4
Big lce Floe S00m -2 km 5
“ast lce Floe 2 km = 10 km L]
Giant lce Floa More than 10 km ¥
Fast (stationary) lce 8
Ice of Land Origin g
Undetermined or Unknown !

{lcebergs, growlers, bergy bits)

Milakovil A.; Arctic 2030 WP3; May 30t, 2016; Busan, South Korea
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[REGIONAL ICE ANALYSIS

Eastern Coast

[ANALYSE REGIONALE DE GLACE Cote est

10 MAR/MAR 2014

CANADIAN ICE SERVICE

SERVIGE GANADIEN DES GLAGES
ENVIRONMENT CANADA
MC ® CANaDa 2014

A0

8

B /10

G /a+

X/ 8" Y/ TN
[43]
1741 175 |
84X/ N3 3/
EE/ 2™

H

C /et D/ e+ E/ o+
64 [5 86|

1041 4.7 7041
3 X 2/

o VAT
361 361
415 4[1.7 5
54 413/
ot 0/t
.75 415
8 U/ g
@31 (323
754 7.7 5
333 KEE
ST\ AATT
147
7
3 X 34

J/ey K/ae
(325 262
4175 41.7
q 344,
P/ ar Qg
isa (54]
1754 504 1|
244 X
v/ 8 W,/ g
242 242
.75 41,75
EEEZA
BB/ 4 cC

N

m
m *ISIY
N

——— ]

 TEMPERATURE (°C)  {Past 7 days)
TEMPERATURE (°C) {7 demiers

jours)

Quebec

Sept lles

Gaspe

Sydney

St. John's

. |st. Anthony
Goose Bay

MEAN

NORMAL

MOYENNE NORMALE
-6.6

149 8.2
-12.8 7.2

98 -4.0

101 35

-15.7 7
2163 X

50W |

WMO Colour Code - Concentration

Code de couleurs de I'OMM - Concentration

Ice Free
Libre de glace

|:|<1/10

D 1-3/10
D 4-6/10

-
I oo

Fast Ice R
Banquise cotiere

- Undefined |
?_| Indéterminée

New Ice
Nouvelle glace
Nilas/Grey Ice
Nilas/glace grise
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E How are the ice charts produced?

NTNU
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@ How are the ice charts produced?

NTNU ; ArcMap - Arclnfo_

Fle Edt View Bookmarks Insert 3election Tools Window Help

DEES s RBX » - |$ws L HPORN DA+ 4 2FTF

Ice Editor v Task: | Select Ice Polygon Y LHEBe v - | @mE B | Leven [ adics0503.2011179.01450 7] 3¢ B D

@VAQELEI O O KO D imaerymomer =

= £F Chukchi Sea
= [J ARCTIC_ANNO
[ Defaux
= [0 ARCTIC_ICELINE

Egg code has not been entered. (86186

JONC)
' %

X ww
e Am

= [0 ARCTIC_REGIONS
[CJREGIONS
= [ ARCTIC
[CJLAND
[} ATER]
() a3
N0 DATA
= @ MODIS_RAPIDFIRE
+ [0 Aretic_r05¢03.2011179.0145(
= @ moors
+ [0 modo2gkm.a.n30w179.n66e1
+ M mod02gkm.a.n50w179.n56e1
=0 os
+ [ fén.75N124W.11180.0152.v.
= O AMSR-E
+ [0 AMSR_E_L2A_TB2011062906
= O amsu
+ [ amsu.n.comb,20110629,0355
= [0 AVHRR
+ [0 non.64N176E.11180.0025.ch
= O EnvISaT
+ [0 ASA_IMM_1PNPDE20110628. Floes
= [0 RADARSAT-2
+ [0 RS2_OK20776_PK216484_DK
= [ ssm1
# [0 ssmisn. 11176,

= [eom | zoomTo | cuose

*=_Egg Attributor
Options

Concentration and Ice Type

A2 ryr8BH 203

SIGRID
|EGG CODE HAS NOT BEEN ENTERED.

< >
Display | Souuce | Sedection | Reset | Cancel m—————

powingw K @ O v A~ o |[oaw =lfw = B 7

572196,864 -1805203.27 Meters A 7 ) H
Plotting an ice chart based on a SAR image .
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How are the ice charts produced?

™,

e

Synthetic Aperture Radar (SAR) is an imaging radar instrument that can
operate from both aircraft and satellites.
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Example of SAR image of ice covered area . .
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@ How are the ice charts produced?

NTNU

SATELLITE IMAGES AERIAL RECONNAISSANCE
(SAR) (SAR)

ICE ANALYST

\ / ICE CHART

oo
oo
]

METEOROLOGICAL DATA IN-SITU OBSERVATIONS
(Temperature, wind) (Ships, shore observations)

Norwegian University of Science and Technology
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@ Comparison of ice thickness measuring methods

MBI CEFICIENCY

1 sateliites (laser, radar) I Freeboard measurement
(e.g. Cryosat project) BN Draft measurement .
® I Thickness measurement:-
Aerial
(EM, laser)
®

Submarines, AUVs
(upward looking sonar)

Moored sonars
@

In-situ (drilling)
®

» ACCURACY

ntnu.edu/sast

Norwegian University of Science and Technology
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Concept of equivalent ice thickness

A Widely used to approximate ice conditions within an area

A Averages all ice features including undeformed and deformed ice
into one value for the entire area

RIDGES (DEFORMED ICE FEATURES) UNDEFORMED

/ l \ ICE
EQUNDE
FEQDEF EQ+or

Current State of the Art: In order to calculate egivalent ice
thickness, information on ridges spacing and size in the area

is required, which is not always available. . ®

Milakovil A.; Arctic 2030 WP3; May 30t, 2016; Busan, South Korea
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@ Egg Code shortcomings

Total Concentration

3

A Partial C@Enmﬁm C

51 2

\

Stage arBThmknesa

7 1.1

Form and Floe Size

4 5
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EQror = EQunper + EQper

EQunper = TAX Cp+ Tg X Cg + T X Cc |
EQper = f (ridging parameters)

Descrlbes only undeformed (level)
component of ice thickness.

No information on ridging (deformed
component) in the Egg Code!

* Ridging information is sometimes
available as addition to the Egg Code

ntnu.edu/sast



Ridging information in the ice charts

Estimation of concentration and size of ice ridges as an additional
information in an ice chart:

Ridges/Hummocks

AA hihx o f A4 hihx

C
optional AA

C

C Concentration or area coverage in tenths.

f Frequency in numbers per nautical miles
(f is an alternative for C).
h  Mean height expressed in decimetres and

included when known.
hx Maximum height expressed in decimetres
and included when known.

In addition to not being included in the Egg Code, this information is
also often missing from the ice charts due to unavailability of data.
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Contribution from Arctic 2030 project

Milakovii et aliMeth®HU6.,f or est i ivathidkeess o f
based on the information fromt h e E g g(wdZking maper)

An attempt to correlate total equivalent ice thickness to stage of
development of ice T allows to calculate total equivalent ice thickness
(thus, including deformed component) directly from the Egg Code,
when information on ridging is unavailable.
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Contribution from Arctic 2030 project

Milakovii et aliMeth®HU6.,f or est i ivathidkeess o f
based on the information fromt h e E g g(wdZking maper)
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Submarine tracks analyzed . .
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