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Sea | ce characteristics

April 1998 August1998

It coversonly 7% of the globaloceans2/3 of it arefoundaroundAntarctica.

It insulateghe oceandrom heatlossto atmospher@én thewinter (by 2 ordersof magnitude).

it hashigh albedo(reflectvity) andthusprovidespositive feedbacko climatic coolingor warming

duringthe 19905, it wasfoundto greatlyreducen thicknessandcoverage(Arctic Ocean).

Non uniform distribution (eg leads polynyas,deepice pressureéeels)




Mixed layer under Sea | ce characteristics

e Largeicefloesarestable(absencef surlacewaves)to hold instrumentsMeasuringturbulentfluctuations
moreaccurately

Long polarnightsandpersistentloudinesshinterremotesensingotherthanthatbasedon microvaves.

Seaice caneitherenhancer diminishthe stressappliedby thewind to the water becauséhe stress
transmittedoy the seaice from thewindsto thewaterdepend®n the prevailing momentumbalanceon the
icefloe (i.e. theinternalice stresses)Most of the momentunflux is absorbedy ice andlittle is
transmittedo the waterif internalice stressesrelarge. Landfastice: no momentuntransferfrom wind to
water Marginal lce Zone(MIZ) closeto theedgeof theice pack,theice surfacecanbevery roughandthe
stressappliedby thewind to theice (andthusthe water)is largerthanin theabsencef ice.

Leadsare createdby the divergencein ice,

often storm induced, but rapid ice growth

or convergenceof floesclosesthemquickly

(timescales~ hours- days). Polyryas are

larger and more persistentregions of open

water Leadsandpolynyasimpose(1) lower

insulation to excessve heat loss and (2)

lower albedothan the surroundingice. In

the winter leadscomposel-2% of the pack

ice andaccountfor half the heatlossin the

Arctic Ocean.In the summey solarheating

helpsmeltingtheice laterallyfaster




Thisis themostimportantcomponentf the heatflux from the oceanto theice. Helpskeepingthe average
ice thicknesgaround3m) less.In the Antarcticocearnvigorousmixing bringsheatflux from ocearto ice
andsustainsanaverage05-0.8mice thickness.
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brine is ejectedandit providesa buoyang \\ s
flux capableto drive free corvection.
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Mixed Layer

Mean
Density
Profile

Lateralice meltingbecausdeatis absorbedn the surroundingopenwater andthe waterrunningdown
from themelt pondsformedon theice surface(percolation), providesthefreshwaterflux thattendsto
inhibit mixing in the OML underneath.




e Seaicemorphology:Topof theice: pressure
ridgesin theinterior of theice packandrub-
ble dueto collision betweerfloes. Increased
roughness Bottom of theice floe: pressure
keels(extending10-25mdepth,occasionally
50m)thatprovide anefficient stirring mech-
anismwhentheice packis in motion. These
are internal wave sourceregions. Edge of
theice pack,in the MIZ, meltingice creates
a strongbut shallov haloclinethat confines
ary momentumntransferredy ice to thewa-
ter. Then“slippery-water” effect causegshe

packice to move rapidly in responseo the
appliedwind stress.




e Large scalecirculation (i.e. currentsand
gyres)is importantin thedevelopmenof the

OML.

e Freshvaterinflow fromrivers




Sea ice equations
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whereA, = areaconcentrationD; = massperunit areaU, =ice velocity




Heat and Salt Fluxes

- - At theice-ocearnnterface: _
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wherewy (akaablationvelocity ) is the freezing(ngative) or melting(positve) rate,k; is thethermalconductvity of ice
divided by the waterdensityandspecificheatat constanpressuref water, L is thelatentheatof fusionof ice dividedby the
specificheatof water w;, is therateof percolationof waterfrom above theinterface,S is the salinity attheinterfaceandS is
theice salinity.
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To find wy, > _An|m andintegratevertically thedowngradientequations W8 WS Ky w%N TS

with boundaryconditions(1) and(2):
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wheredrs @y b 52 L2 ks »Db=3.2(labexp), b=1.6(measurements).




The Local Turbulence Closure (McPhee) scheme

steady-state
horizontallyhomogeneou®ML
coordinategixedwith moving ice
dropo ot terms(ie inertial oscillations)

considemotionof only longertime scales

Then,themomenturbalanceas: U wlw whereall variablesarenon-dimensionalized:
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To find thefunctionalform of ky; equatdt to alengthscaletimesu . Therelevantlengthscalesarez, D, u f
3
(neutralPBL scale),L omé is the Monin-Olukhov lengthscale.In the presencef stablestratificationthe

turbulentlengthscalein the bulk of theboundarylayeris| 0 2L andcloseto theboundaryitselfl 04z.
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The Local Turbulence Closure (McPhee) scheme

McPheesuggest®neformulafor both:
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If kv is constanthroughouthe OML, Ekmanlik e solutionshawvs thatthe currentbelow theice packmovesat
45° angleto theice drift.

However measurementshow thatthis angleis betweer20-40.

Approachfailsin the caseof free corvection(=no shear+ unstablestratification).PcPheeuggestshatthen,
|  04DL.

11



Thelnternal Wavedrag on ice

ice melting shallov MLs

moving ice floes integral wavesat the bottomof the ML
bottomof ice floe: ky=peakwavenumberhy=peakamplitude
buoyang/ jump atthebottomof ML: Ab

uniform stratificationbelonv N

Then,thecoeficient of IW dragonices:
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whereRy %m:a? _Ao>|%_m.

For D valuesgreatethan10mtheIW dragis small.
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