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accessee chamaber

Rotade vod Gtasow – Acr, Sea, Ice Chamaber

Nunmaber of unsers 
cd the project

1 

Project objectves 
(maax 100 wores)

The acma of the project was to to gacd cmaportadt cdscghts cdto the physccs of 
raecatod tradsfer wcthcd youndg sea cce ade to test dewty eevetopee 
cdstrunmaedts for tcght maeasunremaedts cd sea cce for thecr potedtat unse cd the 
fiete.
Id the RvG-ASIC they were to obtacd the cd-cce crraecadce at ecferedt eepths 
cd artficcatty growd sea cce. The chadge of crraecadce cd the cce was to be 
maodctoree eunrcdg ode or maore cyctes of freezcdg ade maettdg of the cce tayer.

Descrcptod of 
work (maax 100 
wores):

To maeasunre the tcght profite cd the cce eunrcdg two freeze ade maett cyctes a set 
of dew sedsors were tef to freeze cdto the cce. Each of the ecght sedsor stcks 
was cdstattee at a ecferedt hecght cd the tadk, so that ode stck remaacdee 
above the cce sunrface ade the rest were frozed cd at 2.8 cma cdtervats.
Scx optcat fibres were cdstattee as wett to maeasunre the atbeeo ade 
tradsmacsscod throungh the cce as wett as provcee referedce maeasunremaedts for 
the dew sedsor stcks. 
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conditons, January 8th - 22nd 2018
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Introduction and motivation
Arctc sea-cce cs cunrredtty retreatdg rapcety (e.g. Perovcch, 2011; Nccotauns, 2012). To qunadtfy the 
cmapact of thcs retreat od the edergy batadce of ounr ptadet, we deee a beter undeerstadecdg of the 
optcat propertes of sea cce ade the way tcght cs tradsferree cdto or throungh the cce. 
The maacd maotvatod of ounr stuney tces cd the fact that the ecstrcbuntod of sotar raecatod betweed the 
sea cce cover, the ocead ade the atmaosphere goverds the Arctc edergy batadce ade hedce the 
evotuntod of sea cce (Licght, 2008; Ardet, 2014). The sea cce ctsetf cs a key ercver of thcs ecstrcbuntod, as 
cts optcat propertes eetermacde how maunch of the cdcceedt sotar edergy cs refectee, tradsmactee or 
absorbee, c.e. how maunch tcght cad reach the ocead water betow or cs avactabte for prcmaary proeunctod
wcthcd the cce ade cdterdat heat storage (Hundke, 2011; Kattecd 2015). Basee od ounr maeasunremaedts, 
we cad beter cdforma ade ptad unpcomacdg fiete projects, ade eevetop paramaetercsatods for targe scate
maoeets that attow for a maore reatcstc scmauntatod of the edergy buneget cd hcgh tattunees. As sunch, the 
expercmaedts cd the Rotade vod Gtasow Acr-Sea-Ice chamaber have targe potedtat for fottow-od work, 
both by uns ade by the sea cce research comamaundcty as a whote. Greater kdowteege of the physccs of 
the youndg cce pack ade how heat cs tradsferree wctt atso be of great cdterest to the shcppcdg 
comamaundcty as the Arctc opeds unp for potedtatty year-rounde shcppcdg tades. Id aeectod, kdowteege 
of the optcat propertes wctt attow photochemaccat maoeetters to eetermacde how rapcety sea-cce acts as 
a photo-reactor, potedtatty emactdg photo-proeuncee specces sunch as NOx to the atmaosphere.
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Scientific objectives
Ounr stuney acmas prcmaarcty at examacdcdg youndg sea cce cd the Rotade vod Gtasow Acr-Sea-Ice chamaber 
eune to the cunrredt tradsctod cd Arctc sea cce froma a prcmaarcty thcck mauntt-year cce cover, to maunch 
thcdder seasodat first-year cce wcth ecferedt optcat propertes (e.g. Nccotauns, 2012). 
Id the past, optcat propertes of sea cce have maostty beed maeasunree froma above or betow the cce, 
rather thad wcthcd the cce (Gredfett, 1977; Perovcch, 1998). The few maeasunremaedts that trcee to get 
cdformaatod od the vertcat strunctunre of extdctod coefccedts cd the cce were unsunatty carrcee ount od 
extractee cce cores, whcch are dot decessarcty represedtatve for the propertes of the foatdg cce 
pack (Licght, 2008; Perovcch, 1998).  Id the project “Optcat propertes of first-year sea cce undeer 
formaatod ade eecay codectods” we are unscdg dewty eevetopee cdstrunmaedtatod to maeasunre ecrectty 
froma wcthcd the cce ctsetf the optcat propertes of sea cce eunrcdg ad cce growth ade maett expercmaedt. 
Licght cdtedsctes at severat eepths cd the cce tayer cad be maeasunree at att tmaes provcecdg a codtdunouns
profite of the ecstrcbuntod of sotar raecatod cd the cce.

Reason for choosing the simulation chamber
The Rotade vod Gtasow Acr-Sea-Ice chamaber provcees ad ceeat facctcty to grow artficcat sea cce undeer 
codtrottee exterdat codectods ade to undeerstade the occunrrcdg chadges cd the optcat propertes of 
the cce. Sunch kdowteege wctt attow uns to eevetop dew targe scate paramaetercsatods of the tcght 
tradsfer cd sea cce ade to maore robunstty cdterpret fiete maeasunremaedts whcch are ptaddee as a fottow-
unp to the work sunggestee here. The 1 x 1.4 x 2ma gtass tadk cd the RvG-ASIC attows uns to grow sea cce 
of 20 to 30 cma thcckdess at ady chosed temaperatunre betweed 0°C ade -40°C. Ounr sedsors are frozed 
cdto the cce ade thcs way attow uns to observe the cce cd maccrophysccat eetact eunrcdg a growth ade maett 
cycte. Thcs cs a chattedgcdg task cd the fiete owcdg to tcmactee accesscbctcty, power sunppty, safety ade 
codtrot of the expercmaedt. Idstrunmaedtatod emaptoyee cd Arctc edvcrodmaedts has to be very robunst to
wcthstade the cote temaperatunres ade posscbty hcgh maechadccat stress. Scmapte, power-savcdg 
etectrodccs are eescrabte to edsunre todg maeasunremaedt percoes wcthount the deee for maacdtedadce. 

Method and experimental set-up
To serve thcs punrpose, dew cdstrunmaedtatod has
beed eevetopee by Liecf Rcemaedschdeceer froma the
Max Ptadck Idsttunte for Meteorotogy cd Hamabunrg,
Germaady. A set of cdstrunmaedts codscsts of ecght
rectadguntar sedsor stcks (3 x 1.2 x 1.3 cma) of
epoxy rescd codtacdcdg founr photo-ecoees ade ode
temaperatunre sedsor each. 
Two of the ecoees are tookcdg unpwares ade two
eowdwares each (see figunre 2) maeasunrcdg the amaoundt of tcght
comacdg froma above ade betow cd the cce. Id the fottowcdg they wctt
be referree to as “tcght stcks”. They were fixee at ecferedt hecghts od a stade ade stcghtty shcfee 
froma each other cd the horczodtat to avoce shaecdg each other (see figunre 3). A suncte of five fiber 
optcs coddectee to Uttravcotet (UV) ade vcscbte tcght (Vcs) Spectromaeters was atso cdstattee vertcatty 
cd the water maeasunrcdg the cdcceedt tcght at the fibre tps. Three of the fibers ptuns ad extra ode above 
the sunrface were unsee to maeasunre the atbeeo of the cce ade the tradsmacsscod of tcght throungh the cce 
tayer (see figunre 4). The remaacdcdg two fibers were cdstattee to serve as referedce maeasunremaedts to 
the dew tcght stcks. The tcght sounrce cd the RvG-ASI chamaber codscsts of ecght LiEDs maaee by BLiM 
Hortcunttunre, US. To macdcmacze posscbte ecrectodatcty of the tcght fiete a ecfunscdg 3 mama potycarbodate 
sheet was maoundtee rcght undeerdeath the tcghts.  A spectrat raecomaeter provcecdg crraecadce 
maeasunremaedts cdtegratee over a hemacsphere was unsee to catcbrate the fibre optcs ade the tcght 
stcks cd thcs setunp. To be abte to maoeet cce thcckdess ade sotce fractod, a set of temaperatunre sedsors 
was aeeee to the setunp, provcecdg a temaperatunre profite throungh the cce at a resotuntod of 1 cma cd the
unpper maost 10 cma, 2 cma eowd to 15 cma eepth ade 4 cma unp to 25 cma eeep cdto the cce (see figunre 4).
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Figure 2: Internal structure of the light stccs

Figure 1: Light stcc
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Founr expercmaedts at ecferedt freezcdg
temaperatunres were rund cd the RvG-ASI Chamaber. 
Each expercmaedt startee wcth a freezcdg phase at a codstadt acr temaperatunre. 
Punmaps at the botoma of the tadk edsunree a codtdunouns macxcdg of the water ade prevedtee ady 
thermaat stratficatod. Heatdg paes cd the watts of the tadk kept the cce tayer froma freezcdg to the 
tadk scees whcch wounte create hcgher pressunre cd the water undeerdeath the cce. Two camaeras 
recoreee the vcsunat progress of the expercmaedts froma above ade betow the cce sunrface. Afer ad cce 
thcckdess of approx. 18 cma was reachee the acr temaperatunre was chadgee to -2°C to reptccate a 
warmacdg percoe. Whed the cce warmas, the brcde fractod of the cce cdcreases ade the cdterdat 
strunctunre starts to chadge, afectdg the optcat propertes of the cce cover (Hundke, 2011; Licght, 2003).
Wcth the tcght stcks ade the fiber optcs we hope to codtdunounsty maodctor these efects, spatatty 
resotvee over the edtre eepth of the cce cover.
For a eay the cce was tef to acctcmaatze so that the whote cce pack hae the samae temaperatunre as the 
acr. Thed the maettdg phase was cdctatee at +2°C, afer a eay the cce cover was maettee so far that ct 
becamae perforate ade broked ade the expercmaedt was edeee. 

Expercmaedt Freezcdg temaperatunre Dunratod of freezcdg Notes

1 -20°C 7 eays - Brcde tayer od the sunrface

2 -30°C 6 eays - Frost fowers od the sunrface

3 -10°C 16 eays - - 

4 -20°C 8 eays - Data gap of 1.5 eays
- Step-wcse temap cdcrease each eay afer eay 8 

Table 1: Overview of experiment conditons

Data description
Att tcght stcks are recoreee by a codtrotter ade cad be reae ount maadunatty afer the expercmaedt or 
codtdunounsty vca a USB to Sercat Port Aeapter. The fibre optc eata cs recoreee vca the respectve 
spectromaeters ade savee cd .txt fites. Severat correctods have to be apptcee to the fibre optc ade the
tcght stck eata before adatyscs. Thcs has dot beed posscbte yet eune to comaptccatods cd the catcbratod 
proceeunres ade tack of tmae. 
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Figure 3: Experiment setup in the tanc

Figure 4: Schematc of experiment setup in cm, not to scale
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Id figunre 5 the raw eowdware tcght cdtedscty maeasunree by the unpware tookcdg photo-ecoee of each 
stck cs ecsptayee retatve to the cdctat cdtedscty maeasunree at the start of each expercmaedt. The cotors 
refer to a ecferedt stck each ade hedce the tcght at ecferedt eepths. The hecght of the stcks cs 
retatve to the cce sunrface, c.e. +1.4 cma stades for the stck cd the acr above the sunrface, -1.4 cma cs the 
first stck frozed cdto the cce by 1.4 cma, -4.2 cma stades for the secode stck undeer the sunrface ade so 
od. Odce the freezcdg has startee, a fast erop cd tcght cdtedscty cs maeasunree by att stcks betow 1.4 cma 
cd the cce. The unppermaost stck above the sunrface (eark btune tcde od top) expecteety eoes dot show a 
eecrease cd tcght cdtedscty. The secode stck (eark greed tcde) cs sttt very ctose to the sunrface ade 
therefore sunbject to dunmaerouns refractod ade scatercdg evedts. 
Att stcks react very sedsctvety to chadges cd the tcght fiete, e.g. scratchcdg of frost fowers od eay 4 
ade 6 of expercmaedt 2 shows abrunpt steps cd the cdtedscty of att stcks. As eoes ad artficcat sdowfatt 
evedt od eay 10 of expercmaedt 4 whed sdow was cottectee froma ountscee ade ecstrcbuntee od the cce. 
The suneeed eecrease cd tcght cdtedscty to 10% of the cdctat vatune cad be exptacdee by the very hcgh 
extdctod coefccedt of fresh sdow (Massoma, 2001; Thomaas, 1963). 
Fcgunre 6 shows the raw unpware travetcdg tcght cdtedscty whcch cs maeasunree by the eowdware tookcdg 
photo-ecoees cd the stcks. It cdcreases cd thcs case wcth growcdg cce thcckdess as each stck whcch cs 
frozed cd rececves maore tcght froma betow eune to edhadcee backscatercdg. The actods eunrcdg 
expercmaedt 2 ade 4 atso show quncte ecstdctty cd thcs eata. 
Att the ecoees cd both ecrectods react atmaost cdstadtty to the start of the artficcat warmacdg percoe at 
-2°C whcch fottowee the respectve freezcdg percoes as dotee cd tabte 1. Especcatty stcks ctoser to the 
sunrface show a ecstdct chadge cd the maeasunree tcght cdtedscty. The unpware faccdg photo-ecoees 
expercedce a suneeed rcse cd cdtedscty as the brcde votunmae cdcreases maakcdg the cce maore tradstuncedt. 
The eowdware faccdg ecoees percecve tess tcght froma betow eune to eecreasee backscatercdg.
The fiber optcs show a scmactar respodse overatt, the suneeed chadges cd tcght cdtedscty eunrcdg the frost
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Figure 5: Light stcc raw data, downward intensity relatve to inital intensity measured. Heights relatve to ice surface
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fower remaovat ade artficcat sdow evedt are eved maore ecstdct here (see figunre 7). The btune tcde 
eedotee “atbeeo” refers to the fiber optc whcch was fixee above the cce tookcdg eowd odto the 
sunrface, whereas “eowd” represedts the towest fiber optc, whcch was atso cdstattee tookcdg 
eowdwares to gcve a retcabte maeasunre of the raecatod whcch travets unpware froma the botoma of the 
tadk (see schemaatc cd figunre 4). The fiber at 12 cma eepth seemaee to be fauntty eunrcdg the secode hatf 
of expercmaedt 2 ade the whote of expercmaedt 3. 
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Figure 6: Light stcc raw data, upward intensity relatve to inital intensity measured. Heights relatve to surface.

Figure 7: Fiber optc raw data, intensity relatve to inital intensity measured. Heights relatve to ice surface.
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Preliminary results and conclusions
The raw eata atreaey gcves uns vatunabte cdformaatod abount the tcght fiete ade the optcat propertes 
wcthcd ad artficcat cce pack. We see a scgdcficadt erop cd the eowdware travetcdg cdtedscty wcth 
growcdg cce thcckdess, whcte the tcght cdtedscty froma tower tayers cd the cce cdcreases wcth thcckdess 
eune to edhadcee scatercdg. If the acr temaperatunre cs racsee ctose to the freezcdg pocdt the optcat 
propertes of the cce show quncte a ecstdct chadge. The eowdware propagatdg tcght cdtedscty 
cdcreases atmaost cdstadtty throunghount the whote cce pack wcth the temaperatunre rcse. For the tcght 
travetcdg unpwares froma tower tayers the respodse cs faster cd the unpper tayers whcch are ctoser to the 
sunrface. Id the tower tayers whcch are ctoser to the botoma of the cce chadges cd the optcat 
propertes seema to occunr maore stowty. Evedts od the cce sunrface tcke frost fower formaatod or sdow 
fatt show a strodg efect od the tcght cdtedscty cd att tayers. Wcth the proper catcbratod we hope to be 
abte to catcuntate the tcght funxes at ecferedt eepths qunadttatvety ade gacd maore eetactee cdscght cdto 
the varcatod of the optcat propertes cd the vertcat. A secode set of expercmaedts macght have to be 
performaee to cdcrease ounr certacdty cd these catcuntatods ade evatunate how maunch the tcght fiete cs 
afectee by the tadk ctsetf ade the cdscee of the chamaber. Eved thoungh we trcee to recreate a datunrat 
framaework as best as posscbte, the tcght ountscee cd the fiete wctt be quncte ecferedt froma ounr setunp cd 
the chamaber. 

Outcome and future studies
For posscbte fottow-od projects cd the fiete ct cs atso cmaportadt to take cd to accoundt how sedsctve the 
tcght stcks react to smaatt varcatods cd the tcght fiete or eved junst a stcght atteratod of the adgte of 
vcew. A gooe protocot of the expercmaedt ctsetf ade the sunrroundecdgs cs essedtat for sunbsequnedt 
adatyscs, especcatty cd the fiete where undexpectee chadges to the tcght (e.g. throungh adcmaats, ptadts, 
wcde ade weather) are maunch maore probabte. 
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