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SEA ICE: HISTORY
MAJOR CONTRIBUTIONS:-
F. NANSEN - “FRAM” 1893 - 95
H.SVERDRUP “MAUD” - 1923-24
SOVIET RESEARCH - NORTHERN SEA; ROUTE -
- “NORTH POLE” STATIONS 1937-9, 1951-91
CLASSIC BOOK by ZUBOV “Sea Ice” (1945, trans. 1963)
U.S. ICE ISLAND STATIONS (late 1950s-60s)
SUBMARINE DATA - “Nautilus” 1958, “Queenfish “ 1970
AERIAL RECONNAISSANCE (1950s-->) ; SATELLITES (1960s-->)
ARCTIC DRIFTING BUOY PROGRAM 1979-->
FIELD PROGRAMS:
AIDJEX 1974-76
MIZEX, CEAREX 1980s
LEADEX 1992-3
WEDDELL SEA DRIFTING STATION 1993°
ICEBREAKER CRUISES - Polarstern, Odin, USCG ships, Russian

SHEBA Station 1997/8
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Area of sea ice (10% km?)

Figure 9:
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(0) annual fluctuation of Antarctic sea ice. (Solid Curve).
The other curves show the sea ice area during advance based
on Ekxman divergence with a drag coefficient of 1.3x10 3(x)
or 2.6x10”3 (8).  Each curve begins with the month for which
the observed ice cover is used to initiate the calculation.
(After Gordon and Taylor, 1975).
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TABLE 6. Northern hemisphere sea ice products

Temporal Chart Digital ‘
Source Parameter Region Frequency Scale Record Processing Archive
US Navy, NOAA, Ice concentration Eastern and Weekly 1:11.6 1972-present NCDC NSIDC!
Coast Guard, (oktas) Westem Chart Million
National Ice Arctic
Center ,
NASA: Nimbus 5 Total ice Northern 3d ~50 km 1973-1976 NASA NSIDC
ESMR concentration, Hemisphere averages resolution
. FYI and ' '
MYI fractions -
NASA: Nimbus 7 Total ice Northern 3-d ~ 50 km 1978-1987 NASA NSIDC
SMMR concentration, Hemisphere averages resolution '
FYI and
MY]I fractions
DMSP: SSM/ Total ice Northern Daily ~25 km- 1987—present NSIDC NSIDC
concentration, Hemisphere resolution
FYI and
MY]I fractions

VA catalogue describing these and other products archived and distributed by. NSIDC is available.



TaBLE 7. Canadian sea ice charts

Temporal
Title Parameters Region Frequency Chart Scale Record Archive
Composite Ice concentration, Eastern seaboard 2-7d (Dec-July) 1969—present AES (microfiche)
ice charts (tenths) ice type/age, ‘
ice floe size, leads, Husdon Bay 7d (June—Nov) 1971—present 1975-82 (digital)
for the date of issue. 30d (Dec-May)
1:4 Million
Eastern Arctic 7d (June-Nov); ' 1968—present
and Western 30d (Dec-May)
Arctic 1975-80 (digital)
Great Lakes 7d (Dec-May) 1969—present
Historical Ice concentration, North of 65°N 7-d (May—Oct) AES
ice charts (tenths) ice type/age, 1:6.25 1959-1974 (digital data base)
ice floe size, leads, Eastern seaboard, 7-d (Dec—-May) Million Replaced by
for the date of issue. Hudson Bay, Foxe composite
Basin ice charts
Current ice Ice concentration, 16 areas Daily for marine AES
conditions (tenths) ice type/age, 1:2 Million scale operational (microfilm)
ice floe size, leads, seasons from 1964 1:1 to 1:2 1956—present
for the date of issue. Million

Arctic-breakup to
freeze-up




Zice ice Conditions ]
Om OPEN WATER
[Caim o [Cooling] —»[Snow] f
conditions] \x
[Agitated *aterNVi nd]
0-5 mm FRAZIL FRAZIL ICE SLUSH
ICE v
f\llcE:\éV GREASE ICE SHU GA<
SNOW ICE
0-0.05m DARK NILAS/|  [Wind an [Wax,es]
ICE RIND wave v
action PANCAKE ICE
0.05-0.1 m LIGHT NILAS
0.1-0.3m YOUNG ICE4— [Refreezing] ¢————
— »[Heavy snow] «——
FLOODED ICE
[Refreezing]
SN%W ICE [Refreezing]
[Further ice growth]
0.3-2m FIRST-YEAR ICE€—

Fig. 14-1. Evolutionary sequence for thin sea ice. Ice types are
shown in capital letters and related environmental processes are
enclosed in square brackets.
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Typical hydrographic profiles in the Canadian Basin of the Arctic Ocean, illustrating the
principal water masses (FSRG data, 1981).
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Figure 2.20 Schematic depicting major structural, crystal texture, and c-axis fabric elementsin
- a 2-m-thick first-year sea ice sheet. In this schematic the initial skim of frazil ice is overlain in
succession by snow ice and snow. The skeleton layer at the bottom of the sheet corresponds to
the region of dendritic ice growth. Adapted from Schwarz and Weeks (1977); courtesy of the
International Glaciological Society.




Sea Ice Growth Relations

(see Maykut 1986)

Heat flux thro’ ice balanced by latent heat due to freezing

[-KTyZ dt=L¢ M/t = [Lp; dZ € ice thickness change

K, = thermal conductivity of ice M = ice mass
Z = ice thickness t=time
T, = surface temperature p; = ice density

By integration: 7%= (2T K.t )/ (Ls. Piy (fZ=0,att=0)
JACOBS (INSTAAR Paper #9)
Flux at ice surface = [To-Tw])/[(Z/K)+H(AK)] T, = air temperature
fi= snow depth
Tw = water temperature
Balanced by
Lipi AZ/At  + H.z + Fw

Lat. Heat release Heat content Water transport
by freezing of ice (current)

Growth Rate  AZ/At = 1/Lip; [Ta-Twl/[(2/K)+HHWK,)] — Hi.Z - Fw
[H; = pi(T,-T1)(0.5 + 4.1S/TT;) ; S = salinity ppm]

Jeat required to raise T from T, to T,
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Effects of snow .depth on heat conduction in young ice
during mid-winter (T, = =-34°C). The dashed curve shows
10 cm thick ice and the 3011d curve 50 em thick ice.
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Dependence of growth rates in young sea ice on thickness
for air temperatures of -10, -25, and -40°C.
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Fig., 14, The solid curves show ice growth predictions by the
empirical formulas of Anderson (A), Lebedev (L), and
Zubov (Z). Dashed curves show theoretical relationships
between ice thickness and degree~days obtained from eq.
(5.23) for different thicknesses (hg) of snow.
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CONTROLS ON ANNUAL ICE GROWTH/DECAY

SNOW COVER —
PRECIPITATION SYSTEM

SNOWFALL 7
| A

FREEZING LEVEL

SNOW MELT — SOLAR ENERGY ABSORPTION
WARM AIR MASSES

SEA ICE —BULK FREEZING AT/NEAR SURFACE
— (SNOW COVER-INSULATION)
— ARCTIC FRESHWATER LAYER
— ICE MOTION DUE TO WIND — OPENINGS RIDGES

DECAY — BY ENERGY ABSORPTION
— ICE EXPORT BY OCEAN CURRENTS/WIND

ARCTIC ICE AVERAGES 3.5 m THICK
ANTARCTIC ICE ~ 1 m THICK

~ 15% OF ARCTIC ICE AREA EXPORTED ANNUALLY
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Sea Ice Growth, Drift, and De'cay'
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Figure2 Measured spectral albedos versus wavclength(nm) for different types

of Antarctic sea ice. Source: From Allison et al. (1993) ‘with corrections. Two
PR g ot iy
sets of measurements are plotted for each type and also;thc calculated all-wave
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Figure 3.2 Sea ice albedos collected by Dr Tom Grenfell (University of Washington) near Barrow, Beaufort
Sea. These values represent samples as no effort has been made to generalise by season or region. Some
satellite sensor bands are shown (ie LANDSAT MSS and TM). From Carsey and Zwally (1986).
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CHANGES IN ALBEDO BY STUDY REGION
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Barry and others: Characteristics of Arctic sea ice
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Fig. 2. Lead patterns and corresponding mean sea-level pressure (mbar) patterns in the Beaufort
Sea in May of three successive years: (a) 1983; (b) 1984; (c) 1985,
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® ® ® ®
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- J
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é‘ig. alh Ool {Rgasdsi]ative transfer equation used to derive geophysical parameters from spacecraft microwave radiometer data [Swift and
avalier], .




1.0

09 I

08—

0.7

0.6

0.5

EMISSIVITY (50° NADIR ANGLE)

0.4

0.3

0.2

———— SMMR Frequencies ——|
—— SMMI Frequencies —

P b T | ] | T T T TT
. m VERT. -
First year
/ —— —@® HOR.
\ —]
I S ‘\ a WATER |
N \ _ .= " VERT.
~ \ . .
- \\ \ e —
RN .”t
- ~ .’ ~ -
' ~.
- s ~ ~ ]
’a S e N<_ VERT.

i '.’ S~o W Multiyear |
’.’.—' "HOR
B’ -

M WATER
N .#°  HOR. i
-
- P —
&
."
.,.’ .
R
L . _ -]
o—'—.r
. @~ )
L1 1 111 | ] L 11111
4 5 6 78910 20 30 40 100

FREQUENCY (GHz)

Fig. 2. Frequency dependence of electromagnetic radiation in
the microwave region over sea ice (first-year and multi-year)
and ocean for both horizontal and vertical polarizations (from

Svendsen et al.,

Union).

1983, published by the Am. Geophysical




40 Satellite remote sensing of polar regions

1.0

'! L] ' .

- ——— e TS .

. - - o—

. - . FY
‘e o o — .
-,
. —
.,
—

o

w

1
If :
= 13
\

[}

\

Emissivity
i
\\
\l
'\.
\
\.
\
\

(]
o
l
F
Y 4
’
Y 4
Y 4
Y4
Y4
/
.
]
]
[
[ ]
]
[ ]
]
[ ]
]
]
[
(]
1
[ ]
]
1
[ ]
)
[}
[ ]
=z
1 ]
1<
[}
|
1 ]
]
[}
[ ]
[]
[]
[
 —

=

0.7 | l
10 20 30 50 ‘ 100

Frequency, (GHz)
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Figure 3.4 Schematic diagram of the physical properties of principal Arctic sea ice types as they affect their
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Figure 3.10 Schematic diagram of the interactions between radar and (a) sea ice, and (b) glaciers, ice sheets
and lake ice. Interactions will differ at times of melt. From NASA (1987b).
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