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Relation Between Measured Sea Ice Thickness
and Freeboard on Chukchi and Beaufort Seas
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ABSTRACT: The thickness of Arctic sea ice is a particularly significant factor in Arctic shipping and other ice-related research areas such as
scientific sea ice investigations and Arctic engineering. In this study, the relation between the measured sea ice thickness and freeboard on the
Chukchi and Beaufort Seas during the 2010 and 2011 Arctic cruise of the icebreaking research vessel "Araon" were considered. An assumption of
hydrostatic equilibrium was used to estimate the ice thickness as a function of the freeboard. Then, to examine the degree of error, a sensitivity
analysis of the thickness estimation of the sea ice was conducted. The error in the density and depth of the snow and the error in the density of
the seawater were subordinate parameters, but the density of the ice and the freeboard were the primary parameters in the error calculation. The
presented relation formula showed fairly close agreement between the calculated and measured results at a freeboard of >0.24 m.

e FA= t71e st
e FEd dEol Ax
2} &l =(Albedo)oll FEFS 1A
= o] FAE S S8l &
Al glolA e ot A=AE °]
AAE Y FAZ sk
547% ARelAde A7)
Fall silel FAE FAs=
sonar(ULS) BHIE ol &dl FFolA sl
o] AREH AL Q=T ©l el A SA7IES AlF
BHE o83l s AFT & —Erﬁﬂi SAsh= AS7IHE
o Zg&7%0)7] i Aol A 7&]';“ <= 7ML ek
w3 1 ¥ = LA

IEAE ol-&3l 4 A

= A
=
1:!1

mR

(ot

JlN- _:L

mlo

pward lookmg
FAs5h=

=
=

1_

Mk

Alexandrov et al (2010)%
A3 W (Multi-year ice) &= :rl—Er
ASHE AdE A5E FAZ 3 A 2daote] viuE
Fall sie] FAe H™ ] BAE st =3
Forsstrom et al.(2011)2 H}El=(Barents Sea) 3¢} {2
(Svalbard) s &oll A2 FFAH A AYAEE o]-g3

Y ¥ (First-year ice)#} Thd
dlo|t] 1EAE ©]83)

F¥r£&

Received 9 July 2014, revised 25 August 2014, accepted 24 October 2014
Corresponding author Seong-Yeob Jeong: +82-42-866-3432, jsyeop@kriso.re.kr

(© 2014, The Korean Society of Ocean Engineers

It is noted that this paper is revised edition based on research report of KRISO 2012.

527



528 449 - A8 -

FAL -] FAAA tigk M-S s vb Utk A
201093 2011 7€, 8¥ 55 FIE 3fl(Chukchi Sea)9} B3
E d(Beaufort Sea) F-ollA AT “olete” TE o] 83
Ay dRAEES Bl Yo AREAN ASS FHsAL A
A7) fri= Anl el s A5, ) FA 588 SAE ol &4l
Y FAL Y, = A & I SHSAT

&2 dTolMe dRAEE T8 ASE o] dAe FolA
el FAt HH, = FA ARE o83 At HIY
(Hydrostatic equilibrium) 7}4-& Bl& S =2 0|52 #AAIE 34
star sy A 4 Al F2 23U BAETh =3
7] e o] FAt HdFe] BAXT dafjd dHAA
Adtete] nlw - F43 A A2 e FA AddTte]
BANE =230 ol AE HEE T8 FF H5¢9 &
@ Al Adutll A slie] A AFS 3 e FA 4 9
DB 752 7hFs/d& glstaith

= =
2. =3 Mot &

re

Al

oo

A AFAAEL 201037 2011 7, 82 B FFHE )¢}
BHE 3 FHAA FhE o, s 2%, 74, & 74,
A5 34 24T7E A= ol ASHA 4 20109 =

3 A A E F 430 AAH dFAPS YA 13+

AP 59 BE A4 168% FZoA FA= A=, 319
A= e 4/10 ~ 6/10 A=H 01, 1Y (Pack ice) 3 L2
ZZH(Rubble ice)°] T EH ] AT = WF=dL 1d
Ay W7 234 W (Second-year ice) & FAHAL e F
A= 1.20m ~ 332m AEHTE 2219} 32 AlFL 59 775 A
7 1595 F-ZollA ==, o W e FA=E 7/10
~ 8/10, 9/10 ~ 10/10 A=HoH, s FA= 27 2.37m

20 July, 2010 | Old Ice #2

Old Ice #4

Fig. 1 Old ice floes at field measurement(July-August, 2010-2011)

PN

oz

A=A -

oflt

rlo o

~ 4.38m, 1.04m ~ 2.40m F=Hch w%& Waoll = ohekgt
9} ®FHHummock)7} #XE5 0] )s)\ AgtE oz Wael 3
A 9o E-gHo|(Puddle)’} U EM AATE 42 A E
59 80% A7 159% F-ollA “l‘Egol H=d, el JA

=% 9/10 ~ 10/10 A=EA tF29] ajo] s o= FEHS)
AL 1.35m ~ 348m A= F7E 294 Wog FAF
SATH(Jeong et al., 2010).

20113 B3] AFAEe F 287 FFEAE 1, 23 &
AN BE B9 785, B4 1735 FolA F3Hh B3
A1 o] 3% B= Chukchi Borderland #9-2 &4 a1
o Bx gl F/ Wyt 7P Algk Ao =2A el FA B
A= Wz} Fo] thekgt 5 ATl o] #Al Aotk
12} @A Fo] e Algae] A9 FAE 1.3m ~ 295m
AEFT 221 Age] 38 W FA= 1.02m ~ 1.69m 4
=3tk wewau 3¢ ool 194 WE =1 e oA
gom, 2 ~ 4am A=Y 2d4 W3 7m ~ 12m AE] W H(lce
ridge) & I ASE AL WA o] B EFHol50] #ZET
AtHJeong and Choi, 2011). ©}&f Fig. 1¢ll& @A Eo] 3
B o] =279 B5S HojFa Qo

Ao AAAFAA ASH FES WY T,
e Y, 2%, 9%, UE, AL, ARFTE To24 e
FA AdI] BAE 2] Al W FA A, ® F

A ARE HEE Pralsw A S st o] W ASH

I‘IF

0

I —l_y‘“r

AP A AW ARE HFoE A A2 WIS
AN F A A AL FASHAG EF o5 B

A B4e 3 553 A8 g9t o] 2w 24
AMEE e ARSI t(Alexandrov et al., 2010). 53] % ]
d AsE 55 6“«] °¢l~é°] 793} 84 Alold] AZH AY
A e FAE S5k Al WE folA 10m =

3 August, 2010

11 August, 2011

Old Ice #6 12 August, 2011




E9} RAE dolA AZH

sy Ak AdFte] AA 529

Table 1 Measured snow depth, freeboard and ice thickness for old ice floes #1, #2, #3, #4, #5 and #6

Location Month [Year] Old Ice No.  Snow depth [cm] Fre[ecbncifr d Ice T['Icu;Tness
N73°02'489, W16826'932 7(2010) #1 17.0 16.0 124.0
N77°01'615, W159°53'368 8(2010) #2 9.0 34.0 296.0
N77°01'625, W159°53'359 8§(2010) #2 9.0 35.0 258.0
N77°01'645, W159°53'340 §(2010) #2 7.0 28.0 212.0
N77°01'651, W159°53'336 §(2010) #2 8.0 240 197.0
N77°01'654, W159°53'335 8§(2010) #2 7.7 26.0 222.0
N77°01'659, W159°53'332 8§(2010) #2 13.0 25.0 224.0
N77°02'563, W159°46'930 8(2010) #3 9.0 27.0 208.0
N77°02'570, W159°46'921 §(2010) #3 10.0 31.0 231.0
N77°02'589, W159°46'890 §(2010) #3 7.3 29.0 237.0
N77°02'590, W159°46'890 8(2010) #3 6.3 30.0 225.0
N77°02'596, W159°46'885 §(2010) #3 55 25.0 228.0
N77°02'617, W159°46'859 §(2010) #3 6.5 11.0 116.0
N77°02'622, W159°46'858 §(2010) #3 7.0 11.0 123.0
N77°59'418, W159°37'509 §(2010) #4 11.0 36.0 276.0
N77°59'402, W159°37'567 8(2010) #4 11.0 40.0 335.0
N77°59'396, W159°37'589 §(2010) #4 10.0 520 348.0
N77°59'389, W159°38'014 §(2010) #4 11.0 34.0 265.0
N77°59'56.32", E173°55'08.31" §(2011) #5 14.0 125 210.0
N77°59'56.10", E173°54'57.27" §(2011) #5 12.0 275 216.0
N77°59'09.74", E173°53'29.27" §(2011) #6 10.0 10.5 115.0
N77°59'11.08", E173°53'32.40" §(2011) #6 12.0 17.0 158.0
N77°59'11.36", E173°53'33.06" 8(2011) #6 12.0 155 157.0
N77°59'11.63", E173°53'33.36" §(2011) #6 10.5 21.0 167.0
N77°59'11.85", E173°53'33.89" 8(2011) #6 10.5 17.5 140.0
N77°59'12.15", E173°53'34.49" §(2011) #6 10.2 155 150.0
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Fig. 2 The schematic drawing of sea ice and snow (KRISO, 2012)
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Table 2 Typical values and uncertainties for 2010 & 2011 field
test results

Field test results

Parameter
Typical value Uncertainly
Ice freeboard [cm] 23.960 8.745
Snow depth [cm] 9.860 2.683
Ice density [g/cm’] 0.888 0.010
Snow density [g/cm’] 0.320 0.020
Sea water density [g/cm’] 1.024 0.001
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Fig. 3 Error terms in the ice thickness calculation
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