
Estimating Ie Thikness and Heat Flux in Polynyasfrom Passive Mirowave DataS�onke Maus1 and Ceilia Bennet21Institut f�ur Meereskunde, University of Hamburg, Germany, email: maus�ifmmserv.ifm.uni-hamburg.de2Department of Earth Sienes, Physial Geography, University of G�otheborg, Sweden, email: ebe�fy.halmers.se1 Arti Sea Ie ConentrationsSine 1973 satellite mirowave radianes areavailable to explore the global sea ie ov-erage. A widely used algorithm utilizes thepolarization ratio PR at 19Ghz and gradi-ent ratio GR at 19 and 37 Ghz vertial po-larization to derive multiyear and �rst-yearie onentrations1. Based on data fromthe entire Arti with inreasing length ofthe timeseries the original tie points werehanged2. Loally the signatures may dif-fer due to weather, snow and ie properties.Reently 3additional use of 85Ghz hannelshas improved the problemati ie onentra-tion retrieval in thin ie areas.
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Problem Many studies have foused on the ie onentration retrieval auray. In frequent oeaniappliations the total heat ux is an important variable. We are interested in the unertaintyof heat uxes retrievable from passive mirowave data linked to a thin ie model.3 Surfae Heat BalaneWe assume that the satellite 'sees' a liquid water signal onsisting of the open water frationFOW and brine volume Vbsrf in the upper 3m of the ie over fration (1-FOW). Thetotal heat loss from open water and growing thin ie isQtot = Qopen(FOW,Tair ,Vair) + Qie(1-FOW,Hie,Hsno,Tair ,Vair)Heat loss omputations follow Maykut's 7 model omputing the thin ie relationTie = f1(Hie,Hsno,Tair ,Vair , Sie)Relations between ie thikness andbulk salinity Sie as well as the 3msurfae salinity Ssrf from whih themirowave signal emerges, were de-rived from thin ie ores obtainendduring winter 2000 in Storfjorden andSvalbard:Sie = f2(Hie), Ssrf = f3(Hie)The brine volume is related to Sieand Ssrf via 6Vbie = f4(Tie,Sie) 0 20 40 60 80 100
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3 cm surface layer Relations f1 to f4 yield an equation of state for the ie thikness:Hie= f5(Tair,Vair ,Hsno,Vbsrf )5 Results: Ie, Snow and Heat FluxThe results are shown for November-April 1988-1999 for assumed ie onentrations 90%,95% and 99% and exluding 1/3 of the data due to weather e�ets. They are omparedto a simple advetion model of ie originating in pixel 1 and drifting southwards at 3% ofthe alongshore wind as found from ARGOS beaons during winter 1999. Although basedon the same meteorologial data the agreement is enouraging.The ie thikness inreases like in the driftmodel from 15 to 40 m over the pathof 180km. Snow thiknesses are somewhatlarger than aumulation in the drift model.During �eld work 1999-2000 we also found asnow layer of 5-7 m at most positions.Most interesting is that the retrieved heat lossis insensitive to the assumed ie onentra-tion. Moreover, if we ompute the heat uxsimply with the 'apparent' open water fra-tions from the Nasa Team algorithms, we �ndvery similar results, the new Nasa Team heatuxes mathing perfetly the thin ie model.
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2 Storfjorden - A Thin Ie AreaWe investigate a polynya near Svalbard. Per-sistent northeasterly winds lead to permantie export to the West Spitsbergen Currentreating a thin ie polynya during the wholewinter. The PR-GR algorithm derives almost0.2 too low ie onentrations. The de�niteabsene of multiyear ie enourages an anal-ysis of thin ie signatures. We extend a thinie lassi�ation approah of Cavalieri 4:) Ie type hange from new ie (NI) to �rst-year ie (FY) is formulated as a ontineousfuntion of brine volume Vbie.) Snow thikness is inluded as an impor-tant variable in the heat balane of thin ie.
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80% Our approh is based on the axes of snow , brine volume and open water in the PR-GRplain. We evaluate Hie, Hsno and the total heat ux along the export path of thikeningie. The used pixels 1 to 10 were orreted for a weak land overlap e�et.4 PR-GR TransformationsWe an now rewrite the heat balaneQtot = Qopen(FOW,Tair ,Vair) + Qie(1-FOW,Vbsrf ,Hsno,Tair ,Vair)wherein Tair and Vair are obtainend from the Hopen weather station and FOW, Vbsrfand Hsno are related to the satellite signal via PR and GR:) Snow thikness is assumed linearily proportional to GR. By omparing Hopen preipi-tation and GR in the loal SSM/I ells we �nd a relation similar to the Antarti7 .) Brine volume is assumed to be proportional to PR. Vbsrf of 3m new ie (NI), whenit �rst beomes opaque for the satellite, is estimated as 35% from observations.) In the two PR-GR dimensions only two of the unknowns Vbsrf , Hsno and FOW anbe determinend. The open water fration FOW is varied in the realisti range 1% to 10%.By setting the open water frationin the true range observed by SAR,RADARSAT and our �eldwork we de-rive a range of orresponding snow andie thiknesses. Graphially we movefrom an observation point 1 to an as-sumed ie onentration point 2 andget the snow thikness. The ie typeis de�nend by Vbsrf at 3. ObservedTair and Vair yield the ie thiknessand heat ux via the thin ie model. 0 0.05 0.1 0.15 0.2 0.25 0.3
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6 Disussion+ In ontrast to unertain ie onentration retrieval passive mirowave PR19-GR1937ratios appear very e�etive to derive the overall surfae heat balane over thin ie.+ As the satellite measures a temperature signal biased by surfae emissivities, the stabilityin the heat ux retrieval points to the self-onsisteny of the applied method.+ Ie and snow thiknesses were derived in good agreement with a simple dynami driftmodel, lending reedene to the approah.+ The new more onsistent Nasa Team algorithm tie points2 seem to be better suited toderive heat uxes in polynyas from the 'apparent' (despite less orret) ie onentra-tions. However, this question needs further investigation.? Enhanement with 85 Ghz hannels should be useful to orret weather e�ets and landoverlap. It is unlear if the heat ux retrieval an be improved as the ie onentrations.? More Validation data8 of PR and GR with brine volume, surfae properties as frostowers and brine-wetted snow must be obtainend to validate the heat ux tie points.? Very slight hanges in the thin ie thikness distribution or snow over of the ie pak maybe misinterpreted as large ie onentration hanges. What are the relative evolutionsof open water, Vbie, Hsno within limati variability as seen by the satellite?1.Cavalieri, D.J., P. Gloersen, C.L. Parkinson and H.J. Zwally (1992) DMSP SSM/I NASA Teh. Memorand., 104559, 126pp;2.Cavalieri, D.J., P. Gloersen, C.L. Parkinson, J.C. Comiso and H.J. Zwally (1999) J. Geophys. Res., 104, 15803-15814;3.Markus, T. and D.J. Cavalieri (2000) IEEE Trans. Geos. Rem. Sens., 38, 1387-1395; 4.Cavalieri, D.J. (1994) J.Geophys.Res., 99, 12561-12572; 5.Maykut, G. (1978) J. Geophys. Res., 83, 3647-3658; 6.Cox, G.F.N. and W.F. Weeks (1988)J.Geophys.Res., 93, 12559-12460; 7.Markus, T. and D.J. Cavalieri (1998) Antart. Res. Ser., 74, 19-39; 8.Wensnahan, M.,G. Maykut and T. Grenfell (1993) J. Geophys. Res., 98, 12453-12468.


