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Abstract 

T'rajectories from drifting buoys on sea ice through Fram Strait for the years 1976-
1994, from the International Arctic Buoy Program and Norsk Polarinstitut.t, have becn 
investigated focusing on ice drift, i.e ice vclocity. Icc dist.ribut.ioll, i.e. conccntratioll 
data, from the ]'\avy�NOAA .JOillt Ice Center Digitized Sea Ice Data. is presented for the 
Fram Strait aTca for the years 1972�1990. 

Histograms of drift velocities for all bllOYS, their sea.solla.l and three-lnonl.hly mean val­
nes, the drift.i buoys position and profil es showing number of buoys passing the specifiecl 
latitudes a.re present.eJ. Mean ice drift velocities is derived from the buoy velocitics. lIori­
zontal distribution of ice velocity, cross-strait profiles of ice velocity and icc concentration, 
and values of velocity, geostrophie wind and ice concentration at aetna.! buoy positions 
are shown. Cross-strai!. variations of the meridional (south) component of the icc velocity 
which is computed in two different ways, are presented and compared to the ice velocities 
ca1culated by Vinje &; F innekåsa (1986). 

Strong scasonal, inler annual and cross-strait variatiolls in ice drift are round. During 
the winter season the sea ice motion is fast and straight forward in a \Vide ice strcam. The 
ice drifts slower in a. eddy struetured and complex drift paUern during the summer season. 

The NOAA Sea Ice Data conta.ins weekly rcgistrations of icc from .January 1972 to April 
1990. This work presents week-vaJues of ice covered area and mean \'alnes averagecl over 
months and year. The ice distributioll in the Fram SLrait is ShOWll for special years \verc 
the distribution is deviated from the average. In general, the period with increasing arf'a of 

ice cover in the Fram Strait starts in Oetober and reaches a relatively stable maximum area 
in the period from December to l\1a.rch/April. The area coverccl with icc then decreases to 
a minimum in September. 

This report also presenls an of previous work done on sea ice in the Fram 
Strait and surrounding area.s. 

http:present.eJ
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Chapter 1 

Introduction 

Sea icc is a thin, broken layer on the polar oceans which is modified in thickness and COI1-
centration by dynamic and thermodynamic proeesses. Tt represenLs the boundary hetween 
the atmosphere and oceall and inftuences their interaction considerably. Sea ice plays 
au important roJe in the dimale system since it modifies the surface radiation balanee 
due Lo its high albedo and since it effectivdy insulates the relative wann ocean from the 
atmosphere. 

A giveu region may contaiu open ,vater, young ice only a few centimeters thick, multi­
year ice a few meters thick and pressure ice up to Lens of meters thick (Thorndike el. al. 
] 97,5). Thermodynamic proeesses are responsible for Illass changes at the upper and lower 
boundaries of the iee, and 011 a yeaT long a.verage strives for Cl single equilibrium thickness. 
Mechanica.l processcs eau se formation of lcads and pressme ridges, and 011 a year lOllg 
average, creates both thick pressure ice and apen \vater (Thorndike et. al. 1975). 

The sea icc cover is in continual motion driven by the atmosphere and ocean, Thol'lldike 
& Colony (1982) found lhat about a half of the average sea ice motion in the Arctic Ocean 
is directly related to the geostrophic wind, and the other half is due to t.he mean ocean 
circulation. Surface ocean currents account for abollt 80% of the ice motion \vhen the sea 
ice pass('s through the Fram St rait (Vinje & Finnek åsa 1986). Ocean c urrents accollnt for 
:30% of the motion at the '{ermack PlaLean during the period of time from September 
20th to OcLober 3rd 1991 (SUll & Asknc 1(95), 

The Illcan annual large-scale drift of Arcti c pack icc has two primary featmes (Fig­
ure I.l) the Beaufort Gyre, an anticyclonic iee motion with a mea.n center at about 80oN, 
15,)oW in the Canada Basill, and the Transpolar Drift 8trcam, a motion of ice away from 
the Siberian eoast, across the North Pole and through the Fram Strait (Barry cl. al. 1993; 
Colony Thorndike 1(84). Ivlean drift speeds are 1-:3 C111S-1 and 5-10 ClIlS-1, respectively, 
in the Beaufort. Gyre and in the Transpolar Drift Strearn (Barry et. a.l. 19(3). 

A bout 95% of the tba.t. leaves the Arctic Ocean passes through the Fram Strait. 
(Vinje & F innekåsa 1(86), and Barry et. al. (199�3) report that approximately 20% of the 
total ice covered area in the Arctic Basill annual1y exists throngh the Fram St1'3it, of which 
80% cOllsists of multi-year icc ftoes 2-:3 meters thick (Gow & Tucker 1987) , The Frarn Strait 
is the kcy area. for studying icc export from the Arctic, sec F ignre 1.1 (from Int.ernational 
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Figure 1.1: Annual mean of ice motion in the Arctic based on 1979-1990 buoy data. 

The superimposed lines indicate the number of years till the ice exits the arctic basin 

through the Fram Strait (from International Arctic Buoy P rogram's World Wide Web pages 

http://IABP.apl.washington.edu). BG = Beaufort Gyre, TPD = Transpolar Drift Stream. 

Arctic Buoy Program, IABP) , where the mean annual tield of sea-ice motion based on 

past drifting buoys, ice stations, and beset ships observations is shown (see also Colony & 
Thorndike 1984 and 1985). The export of ice may be interpreted as the net production 
of Arctic sea-ice, an important climate signal ( Colony & Thorndike 1994; Barry et. al. 
1993). This transport of sea ice is also a major source of fresh water and of negative latent 
heat into the Greenland Sea affecting the circulation of the Northern Atlantic (Aagard & 
Carmack 1989; Unterstein 1988). Ice flux calculations in Fram Strait can also be related 
to Arctic conditions ( Englebretson & Walsh 1989). 

Estimations of ice flux through the Fram Strait serve as effective constrains on model 

simulations of Arctic climate. To obtain an estimate of the volume flux of sea ice through 

the Fram Strait, the ice drift velocity and the ice thickness distribution which also includes 

the ice concentration, must be well known. How the information of velocity and thickness 
of the ice in the Fram Strait is obtained until now is summarized below. lee thickness 
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information from the Fram Strait is based on: 

l. 	 upward looking sonar profiles obtained from submarines (Wadhams 1992) (see also 
F igure 20 in Vinje & F innekåsa (1986) based on earlier observations reported by Wad­
hams (1981 and 1983) and Hibler (1980).) These observations show a cross-stream 
varlation from 1-2 meters in the marginal ice zone to 5-6 meters when approaching 
the Greenland shelf. The mean ice thickness observation in May 1987 also shows a 
decline in mean ice draft of about 0.34 meters per latitude Wadhams (1992). 

2. 	 studies of drilled ice cores and observations of surface features (Vinje & F innekåsa 
1986) which give a fair estimate of the average distribution of ice across the Fram 
Strait. Along the 81°N-latitude these observations show an ice thickness between 4.4 
meters ne ar the coast of Greenland and 2.9 meters at the northern tip of Svalbard 
during August. From ice cores drilled in the Fram Strait during summer 1984, Tucker 
et. al. (1987) recorded first year ice thicknesses of between 38 cm and 236 cm and 
multi year ice thicknesses ranging from 174 cm to 536 cm. 

3. 	 upward looking sonars mo unt ed on oceanic moorings provide ice thickness data at a 
given point for a large perioel of time (Vinje et. al. 1996; Martin & Lemke 1995). 
These time series show strong seasonal and interannual variability. 

lee drift information from the Fram Strait is based on: 

l. 	 ice velocity data from elrifting buoys placed on the ice and drifting with the ice 
(see results presente el in this work) (Moritz 1988; Martin & Lemke 1995; Vinje & 
Finnekåsa 1986). The locations of the buoys are determined by satellite tracking 
with adequate precision and sampling rate for resolving the largest features of the 
field of sea-ice. 

2. 	 ice tracking from SAR and AVHRR images from w hich the drift of single fioes can be 
determined (Sun & Askne 199.5; Thomsen et. al. 1995; Korsnes 1994; Aleksandrov & 
Korsnes 199:3; Emery et. al. 1991; Shuchman et. al 1987; and others). In contrast 
to the Lagrangian information from a fcw buoys, remote sensing data proviele quasi­
Eulerian information on the veloci ty fielel of sea ice (Colony & Thorndike 1994). 

All the ah ove listed data on the sea ice drift in the Fram Strait are particular realizations 
of the sea ice velocity and -thickness at a specific moment of time and position in space. 
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Chapter 2 

lee drift motion 

The trajectories of 122 drifting buoys from the International Arctic Buoy Program and 
from Norsk Polarinstitutt (Vinje & Finnekåsa 1986) and two manned stations (Papanin 
1948?; Ostenso & Pew 1968; Vinje & Finnekåsa 1986) are shown in Figure 2.1 for the Fram 
Strait area. This data sets will be referred to as the IABP and NP data set. 

Of all the blIoys contained in the IABP data set, only those passing throllgh the Fram 
Strait are considered in this work, i.e. those passing the 81°N latitude and flIrther south. 
The International Arctic Buoy Program co-ordinates the systematic deployment of, and 
data processing for, a sllbstantial number of sea-ice buoys in the Arctic Ocean. The buoy 
(ice) drift velocities studied in this work are derived from the IABP co-ordinators and those 
not included in the IABP dataset are from Vinje & Finnekåsa (1986). 

2.1 The East Greenland ice drift 

All together there are 4224 daily registrations between 81°N and 75°N for the years 1937, 
1965 and from 1976 to 1994. Of these 2621 registrations are from April-September (Fig­
ure 2.1a), and 1603 from October-March (Figure 2.1b). On the other hand, all together 
92 buoys pass the 800N latitude, of which half are passing in between April and September 
and half between October and March. Comparing the total number of daily registrations 
and the number of buoys passing the considered area, the first intuitive estimate is that 
sea ice moves faster tbrough the Fram Strait during the winter season. This can also be 
seen directly from Figure 2.1. The buoys seem to move more frequently in eddy structures 
during summer and more straight forward during winter. 

Figure 2.2 shows histograms of the buoy drift velocity for all daily buoy registrations 
between 81°N and 75°N, and their seasonal means. The drift velocity is presented by 
the velocity magnitude, v, and velocity direction, 0:, at the considered position of a buoy 
registration. Here, o: is the angle from the x-axis in a polar stereographic map projection 
in which the y-axis is pa.rallel vvith the 32°W-meridian. The azimuth direction (ON=O, 
°E=90) is given by O:az. = 90° - o: + lon + 32°, where lon is the actllal longitucle degree. 

9 
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Figure 2.1: Positions of daily registrations of drifting buoys passing through the Fram Strait 

from 1976 to 1994 between a ) April and September and b) October and March. 
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Figure 2.3: Histograms of the South component of the buoy drift velocity for aU buoy regis­

trations between 75°N and 81 oN. The total number of registrations for the considered period of 

time is a) 490, b) 1282, c) 1339 and d) 1113. 

In Figure 2.3 the South component of the drift velocity a,t each buoy registration is 
shown in histograms. 

The buoy data show mean velocities up to 0.240 msÔl in the winter months, Ja.nuaryÕ 
Ma.rch, of which 75% of the registrations have a direction between a =240 and a =300 
degrees and no registrations between a =90 and a =150 clegrees (Figure 2,2). In January­
March onl1' about 5% have a Northwarcl component (Figure 2.3), This shows a very marked 
Southwestward ice clrift a.long the continental slope. 

During the summer months, July-September, the mean va.lue is reclucecl Lo 0.153 msÖl 
with a more smoothecl distribution of direction (Figure 2.2). Even though the preferred 
drift velocity is still along the continental slope, about one third of the registrations have 
a northward component (Figure 2.3). The ice drift pattern is more complex and the ice 
moves in large eddy structures during the summer. 
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the stronger the seasonal mean drift velocity and more vVestward the weaker the seasonal 
mean drift velocity is. 

Converting the seasonal mean meridional velocity (Figure 2.2) to an average residenee 
time by t = s/VS1 the residence time is 42, 92, 176 and 60 days for .January�¡hrch, April­
.lune, July-September and October�March, respectively. In the expression for i, .5 is the 
distance between 81°N and 75°N and cos(90° - a = lon + 32) I is the average south 
velocity represented as white arrows in Figure 2.2 with a mean longitude degree equal to 
lon =5°W. The number of daily registrations in the considered three-month periods are 
490,1282 = 

, 1339 and 1113, respectively, and this is roughly inversely proportional to the 

The 

In order to show the dear difference from season to season, the three-monthly mean 
velocities are presented as vectors in Figure 2.2. The buoys drift more straight Southward 

average Southward drift velocity (Figure 2.2) and then the averaged residence time of ice 
in the East Greenland Current. 

An overview of the drift velocity in the whole East Greenland CurrenL between 72° N 
and 82°N, based on all the daily buoy registrations, is shown in Figure 2.4 and Figure 2 .. 5. 
A doseup of the drift pattem in the Fram Strait is shown in Figure 2.6. drift 
pattem in Figure 2.4 and 2.·5 are for the periods April�Sept.ember and October March, 
respectively. In Figure 2.6 the two time periods are shown in the same plot. mean 
velocity at a position, (tai,lon), is obtained by deriving the mean va.lue of all registrations 
within the area (lai ± 0.25°, lon ± 0.25°). The arrow represents the drift velocity within a 
box area, with the arrow tail at (lai, lon), and is shown toget her with the number of daily 
buoy registrations within a box area in Figure 2.4 and 2 .. 5. A considera,ble of the 
drift velocity with a marked difference between summer and winter results, occurs in the 
Fram Strait. 

Figure 2.1, showing the daily registrations, Figure 2.2 showing histograms of the ice 
velocity, and Figure 2.6 showing the horizontal distribution of the ice velocity, all indicate 
that the ice drift through the Fram Strait is fast and straight forward during winter and 
slower in a complex eddy structured pattem during sumrner. These main seasonal drift 
pattems studied in view of the monthly mean sea level pressure, indicate that the ice motion 
in the Fram Strait is mainly related to sea levd wincls during winter and to ocean current 
during summer. Figure shows annual monthly mean sea level pressure clist.ribution 
in the Arctic for July and January based on data from the years 1979�1990 (lABP). In 
Januclry (Figure pressure gradients along East Greenland occur wiLh winds Lhen 
blowing along the isobars. These gradients are negligible in July ( 2.7b). 
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Figure 2.6: lee drift velocity in the Fram Strait for April-September (Red arrows) and October­
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a) January 1979-1990 

b) July 1979-1990 
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Figure 2.7: Monthly mean pressure (SLP) for a) January and b) July io the Arctic ba-sed on 

data from the years 1979-1990. (Figures from the International Arctic Buoy Program.) 
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The NOAA database contains weekly registrations of sea ice from January 1972 to April 
1991, covering a total area from about 90ovV-90oE and 45°N-900N. In the Fram Stra,it 
area the NOAA data have a resolution of 1° in longitude (East-West ) and 0.25° in latitude 

( South-North) . 

The ice concentration pa.rameter, C, contains iuformation about the sea, ice clistribution 
and sea icc border for a, local fractioll of an ocean region, but with no information of t.he 
sea ice motion or the thickness of the sea ice. That is, the ice concentration shows the 

horizontal extension and distribution of sea ice in the considered ocean area. vVeekly 

charts of ice concentration over a long period of time give inter annual, inter seasona.l and 

inter monthly variations of the ice cover distribution in an ocean region. C is specified in 

one-tenth parts (1/10), and the international term given in ice charts from the Norwegian 

Chapter 3 

lee distribution 

From "Navy-NOAA Joint lee Center Digitized Sea lee Data", referred to as the NOAA 
data, the ice concentration is extracted to study the sea ice distriblltion in the Fram Strait. 

Meteorologica.l Institute have the following classification: 

C 1.00 

C =  0.90 

0.70 -

C =  0.40 -

0.10 

Fast Icc 

1.00 Very dose drift ice 

C 0.90 Close drift ice 

0.70 Open drift ice 

C OAO Very open drift icc 

C =  0.10 - 0.00 Open \vater 

C= 0.0 lee free 

where, for example, C =0.90 meallS that 90% of an ocean region is covered with sea ice. 
Ice concentration in the Fram Strait area is an important parameter when estimating the 

sea ice volume flux out from the Arctic Ocean. 

In the present work the north part of the Fram Strait is studied, covering a total area 
of Atot =660,9:3:3 km2, between -25.SoW - IS.soE a.nd 75.875°N - 82.87S°r\. Inter scasonal 

and inter annual variatiollS in the Fram Strait ice distribution during the years 1972-HI90, 
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Figure 3.1: Weekly number of gridcells with lalld-values averaged over the years 1972-1990. 

Totai llumber of gridcells is 1428. 

are presented. In addition to describing the seasonal variations, periods of tinte with large 
deviations from the means are presentecl specially. 

3.1 About the NOAA database 

In december 1996, Norsk Polarinstitutt received a CD-ROM from the National Snow and 
Ice Data Center, NSIDC (formely known a.s NavyjNOAA Joint Ice Center), with repro­
cessed sea ice data for the period 1972-1991, and new digital sea ice data from 1991-1994. 
In the documentation following the CD-ROM, (NSIDC: Arctic and Antarctica Sea Ice Data 
1996), the identified errors in the old dataset and corrections in the new dataset are spec­
ified. In this work the old dataset is used, and changes in the new dataset of importance 
for this work is commented in connection with the actual subjects. 

The N OAA data sources have been shore station reports, ship reports, aerial recon­
naissance and satellite imagery and data, where the latter compromise over 90 percent of 
the data utilized in the Arctic sea ice analyzes from 1972-1990 (Knigth 1984). Today, sea 
ice ana.lysis is done almost exclllsively with remote sen sed data. For this sea ice dataset 
the relative accuracy and level of analysis detail vary over the years, and the utilization 
of each data type both temporaHy and spatially in the weekly analysis files. For 
more information about sources, see docurnentation on the CD-ROM (NSIDC: Arctic and 
Antarctica Sea Ice Data 1996). 

The NOAA data are stored in a standardized format for gridded sea ice informa,tion, 
called SIGRID, established by the \Vorld 
Marine Meteorology (World Meteorological Organization 

lVleteorological Organization Commission for 
- Cornmissioll on Nfarine Meteo­

rology 1989). The gridpoints are defined to be located in the middle of the gridcells in the 
SIGRID format. According to old documentation of the NOAA data, it is questionable 
how the grid is orga,nized in the base. In this work it has been a.ssumed that the gridsystem 
in the NOAA database were actually originated as defined in the SIGRID format. The 
SIGRID format has a possibility to store ni ne categories of paramet.ers. The NOAA data 
cover parameters dealing with ice concentration, stage of developrnent and form of ice. The 
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Figure :3.2: lee concentration in the Fram Strai t Area a) on January 3 1972 and b) on September 

9 1990. The black color displays the land-points as given in the NOAA data. 
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Figure 3.:3: Weekly area covered with ice, (in 103 km2), averaged over the years 1972|1990. 

ice concentration in a NOAA gridcell is specified as intervals, for example 46, which means 
ice concentration in the interval 0.430.6. In this work, mean values will be presented, and 

ice concentration in the interval 0.4-0,6 will be given the value 0.5. The term Fast Ice is 
usually understood to be landfast ice, where the sea ice is attached to land. In the old 
NOAA database an ice concentration equal to 10/10=1 does not neeessarily mean Fast Ice, 
but a grideelI totally covered with ice. When this ice is landfast the matter is specified in 
another parameter which is not considered in tbis work. 

The number of gridcells with land-values in the old NOAA database varies. For all week 
registrations during the years 1972-1990, the number of land-points on average increases 
during the mont.hs May}September (Figure 3.1) and during the years 1983-1990. Horizontal 
distributions of the ice eoncentration in the Svalbard area tend to show that the fjords are 
digitized as land-points when they are ice free, and as ice points when they are covered, 
see figure 3.2a. Breitenger (1996) documents inconsistenc in area extent of the Arctic land 
mask and f inds the same variations as presented in this work for the Svalbard - Greenland 
area. The increase in total land area in 1983 was due to an unaccounted change in map 
projection. The landrnask irregularities were corrected in the new sea ice database (NSIDC: 
Arctic and Antarctica Sea Ice Data 1996). 

In thls report, using a cornputing area between -25.5°W ~ 15.5°E and 75.87.SoN 
82.875°N, the number of land-points mainly varies between 199 and 207, except for one 
registration on October 28, 197.5, when the number of landpoints was 214. The main 
variation is then only 0.8% of the total number of gridpoints, i.e. 1148. The results 
presented in this work are not correctecl for the varying num ber of landpoints, but special 

21 



Am 

500 

450 

400 

350 

300 

250 

200 

150 
1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

Time(week) 

Figure 3.4: Monthly mean va.lue of area covered with ice, Jim (103 km2), for each year 1972 to 
1990. To separate each year there are placed three zero columns betweell each year. 

comments is made for the results affected by it. 
Both cross-strait profiles and horizontal distributions of ice concentration from the 

NOAA database have been compared special1y with the ice charts from the Norwegian 
.\1eteorological Institute for five different years. This comparison shows that the border 
between ice covered (ice concentration >0) and ice free areas is about the same. The values 
of ice concentration are somewhat different, but the database and the charts do agree about 
typical trends in the ice distribution. 

3.2 The Fram Strait ice extent 

In order to describe the variation of ice cover in the Fram Strait, horizontal distribution of 
ice concentration values and histograms of various mean values of ice covered areas have 
been deri ved. The mean values are defined as: 

n 	 n 

Cj = 	LCi/n and Aj = L ,4i/n (3.1 ) 
i=1 i=1 

where is the ice concentration given in 1/10 parts for each weekly registration, Ai is ice 
covered area in km2 for each weekly registration, and n is the number of weekly registrations 
included in the mean value. 

The j sllbscript is set to w for weekly registration, Aw, and m for a monthly mean valne 
for one specific year, Am and Cm. For mean valnes derived for the whole 1972-1990 period, 
an overbar is introducedl, The total area covered with ice is calcnlated by 
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Figure 3.5 : Histograms of weekly area covered with ice, Aw (103 krn2), and its deviation from 
the rnean, D.Aw Aw - Aw (103 km2), for the years 1979 and 1981. 

adding the area of all gridcells that have ice concentrations greater than zero, i.e., Gi 
taken into account that each gridpoint is located in the midd le of each gridcell, which area 

> O, 

varies with latitude. In the documentation on the new release of the Sea Ice data. (NSIDC: 
Arctic and Antarctica Sea lee Data 1996), (see chapter 3.1) , a considerable error, which is 
significant for this work, is announced; in most cases in the old database open water (Ol) 
was coded as ice free water (00) in the old database. This means that the ice covered area 
in this report does not include open water areas, since these are defined as ice-free waters. 

Both the calculated ice covered a.rea and the total wet area, Awtt with no landpoints, 
i.e., the total possible area that can be covered with sea ice, are affected by the varying 
number of landpoints (see chapter 3.1). An example which illustrates this is: The total 
wet area between -25.5°W - 15.5°E and 75.875°N - 82.875°N, on January 3, 1972, is 
547,004 km2 (Figure 3.2a), on September 9, 1990, it is 541,377 km2 (Figure &3.2b). These 
two days represent occasions with extremes for numbet' of landpoints, i.e. a minimum of 
219, and a maximum of 207. main variation is then 0.9% of the total computing 
area, Atot =660,933 km2• As a comparative valne the total possible wet area is set to 
Awet=E>45,000 km2• This value is also used as the maximum area. value on the y-axis in 
figures showing histograms of ice covered areas, (figure 3.3, 3.11:, 3.5 and 3.6). The va1ue 
for the total area, Atot, is also used for comparison since this value is not affeded by the 
varying landpoints. 

The weekly mean values of ice covered area, averaged over the years 1972-1990, , are 
shown in Figure 3.3. The period with increasing ice cover starts in September/October, 
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the meaIl, tlAw Aw (103 km2), for the years 1985 and 1977. 
= -

reaching a relatively stable maximum period from late December to March/April. Then 
the ice covered area decreases to a minimum in September. 

In Figure 3.4 monthly mean value for ice covered area, Am, for each year from 1972 to 
1990 are shown. This time series of sea ice extent illustrates the dominant seasonal cyele, 
which is also seen in the total ice extent in the northern hemisphere (Barry eL al. 1993). 

On average, the month of September has least ice extent (Figure 3.3), except in 1974, 
1976 and 1986 when the month of August ha,d the minimum ice cover, and in 197H when 
the minimum ice extent occurred in October (Figure :3.4). For the considered time period, 
late February and early March have the largest ice extent (Figurc 3.3), wilh inter annua! 
occurrence of maximum ice covered area between January and April (Figure 3.4). The 
year 1981 is a special year with maximum ice cover in May =.568,601 km2). Sec also 
Figurc 3.5 which displays the week-values of ice covered area in 1981 and its deviation from 
the mean. The year 1979 is another special year in the time period whcre the ice ex tent 
increases and decreases within a scason, see Figure :3.5 which displays the week-values of 
ice covered area for 1979. 

September 1985 is the month with ahsolute minimum ice extent in the cOllsidered tinle 
period, i.e. Am=253,159 km2, which is 46 .. 5% of Awet, and B)8.3% of Atot. F igure :3.6, which 
displays the week values for ice covered area in 1985, shows that there was very litUe 
ice in the area this year. In particular, the registration on September 10, 198,5, contains 
the absolute minimum value for ice covered area during the period from 1972 to 1990, 
Aw=187,209 km2. The mean value for September 1990 is the next. minimum valne of area 
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Figure 3.7: lee concentration in the Fram Strait area a) on September 18 1984 and b) on April 

19 1977. The black colour displays the landpoints as given in the NOAA data and the green 

colour displays actual land area. 
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distribution of ice on September .5, 1990. 

NOAA satellite images. 

covered with icc, Am=283A4.5 km2, i.e . .52.0% of Awet. Figure 3.2b displays the horizontal 
Figure 3.7b shows the ice distribution on Sep­

tember 18 1984, where Aw=339,387 km2, which is on ly 62.3% of Awet' The icc extent 
is small and the distribution is somewhat different, showing the coastal polynya south of 
Nordostrundingen on Greenland and also open water north of l\ordostrundingen. In Vinje 
& Finnekåsa (1986), special features like this polynya, are described and confirmed with 

February 1972 is the month with absolute maximum icc extent during the years from 
1972 to 1990, (Figure 3,1), with Am=.517,53.5 km2 which is 95.0% of Awet and 78.3% of 
Atot. February-March 1972 is also the period of time during all the years from 19.53 to 
1990, when the Arctic sea ice extent was at a maximum (Barry et. al. 1993). In March 
1977 the next maximum value occurs, Am=496,866 km2, i.e. 91. 2% and 75.2% of Awet 
and Atot, respectively. Figure 3.6 displays the week values of ice covered area in the year 
1977 and its deviation from the mean value. As an example of ice distribution in the Fram 
Strait at Umes with large ice cover, Figure 3.2a displays the ice distribution 011 January 3, 
1972, where Aw=47:3,389 km2, 86.7% of Awet• Figure 3.7a displa,ys the situation on April 
19, 1977, where Aw=489,1l 4  km2, that is 89.7% of Awet. 
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Chapter 4 

Cross-strait profiles 

Cross-strait profiles of ice velocity, ice concentration and width of stream are derived in 
this chapter. These parameters are important contributions together with sea ice thickness 
observations in order to improve volume flux estimates. Some of the results obtained, are 
used in volume Hux estimates by V inje et. aJ. (1996). Volume flux estimates of sea ice 
through the Fram Strait serve as an effective constraint in model simulations of Arctic 
climate. 

Histograms of where the buoys prefer to go, cross-strait profil es of sea ice velocity and 
concentration, and ice velocity, geostrophic wind and ice concentration values at actual 
buoy positions along the latitudes that cross the Fram Strait, will be presented. 

F igure 4.1 shows histograms of where the buoys pass different latitudes on their way 
south through the Fram Strait, toget her with the bottom topography in meters below sea 

level. The longitude degree where a buoy passed the considered latitude, is obtained by 
linear interpolation between the two daily registrations on each side of the latitude the first 
time the buoy passed it. F igure 4.1 c1early shows that the majority of the buoys drift along 
the continental slope, that is, the ice clearly follows the topographically trapped current of 
polar \-vater along the coast of Greenland (The East Greenland Current). It could be 
said that the Fram Strait acts like a funnel, a peak concentration of buoys passed between 
3-6°W at the 78°N latitude, that is, 41 out of totally 67 buoys. The shaded parts of the 
histograms in F igure 4.1 represent the buoys passing the considered latitude between Oct­
ober and Ma,reh. In Oetober-Mareh the widths of the area \vhere the rnajority of the buoys 
are passing is 20.3°, 12.6°, 14.9° and 13.:3° longitude along 80°, 79°, 78° and 77° North, 
which are 393.4km, 278.7km, 346.9km and 335.6km, respectively. The winter distribution 
also indicates two peaks, one around lOoW and one somewhat larger between 0-5°'vV. This 
two-peak distribution is somewhat clearer when we look at all the bnoys, and will below 
be related to the cross-strait veloeity profile. In April-September there is one narrow peak 
moving slightly westward from 0° at 800N to .5°W at 78°N. In April-September the widths 
of the area where the majority of the bIloys are passing are 12.7°, 8.7°, 4.8° and 11.6° 

longitude along 80°, 79°, 78° and 7r North, which are 246.8km, 185.5km, 1l1.7km and 
292.7km, respectively. The width of the area where the majority of the buoys are passing, 
is about 1.5 times wider in October-March than in April-September. 
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Figure 4.1: Number of buoys passing latitude a) 800N, b) 79°N, c) 78°N, and d ) 7rN in the 

Fram Strait. Below the line which marks the sea surface, the bot tom topography in meters below 

sea level is shown. The shaded part of the histograms shows the buoys passing between March 

and October. 

The average drift speed profile (averaged over a longitude interval of ,5°) at 81°K is given 
in Table 4.1. The drift. velocities are deri ved in two different ways: First (Table 4.1a) an 
'instantaneous' value where the drift velocities are derived from the speed a buoy had first 
time it passed the considered latit ude; second (Table 4.1 b) a both space and time averaged 
value, where the drift velocities from all the daily buoy registrations between 80.5° N and 
81..5°N are averaged. T he results from the longitudal interval lOO-1.5°'W will hopefully 
give us a bet ter understanding of what these two mean values represent; there was only 
one buoy that passed west of 100W during April-September with .56 daily registrations 
and with an averaged velocity of 2.acms-1, i.e. a nearly two-monthly mean drift velocity 
in the considered area between lOo-l.5°W and 80 . .5°K 81.5°N. On the other hand, the 
instantaneous averaged value in this example, a one time event of a buoy passing 
8loN with a velocity of 15.1cms-l. ror cornparison, the space and time averaged value of 
Oetober-Nlarch west of 10°\"1 represents an about two-weekly mean velocity, while again 
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Cross-strait variation of the meridional (South) eomponent of iee veloeity 
the 81°N latitude. Drift veloeities deri ved a) from the first time a buoy 

passes 81 oN, and b) from all the daily registrations between 80.5°N and 81.5°N and e) 
compa.rative drift. velocities from Vinje & Finnekåsa (1986) . 

East 
15-10 10-5 5-0 0-5 5-10 10-15 1.5-20 

15.1 (1) 15.5(9) 16.2 (15) 12.3 (7) 11.6 (7) 13.8 (8) 6.5 (2) 
5.9 (l) 19.8 (8) 20.0 (8) 14.2 (16) 16.1 (4) 9.1 (7) 

15.1 (1) 16.0 (8) 10.9 (7) 12.3 (7) 15.9 (3) 12.3(4) 5.8 (l) 
5.9 (l) 18.9 (9) 20,4 (16) 14.2 (16) 12.2 (8) 11.3 (11) 7.2 (1) 

2.3 (56) 9.5 (131) 9.3 (150) 6.3 (189) 5.7 (135) 3.0 (297) 0.5 (160) 
8.9 (16) 18.2 (44) 16.1 (68) 12.2 (15>l) 9.0 (87) 6.6 (88) 3.9 (87) 

-0.6(45) 9A (119) 7.5 (101) 5.8 (161) 4.8 (79) 2.2 (220) 0.2 (120) 
10.9 (27) 16.7 (56) 14.9 (117) 11.7(181) 8.2 (143) 5.9 (165) 3.1 (127) 

8.1 6.6 6.5 5.4 2.0 1.8 
H3.0 12.7 14.9 6.9 9.8 3.6 

Table 4.1: 
(emis) aeross 

Period 

a) Apr-Sep 
Oet-Mar 

May-Aug 
Sep-Apr 

b) Apr-Sep 
Oet-Mar 

May-Aug 
Sep-Apr 

c ) May-Aug 
Sep-Apr 

Number in parenthesis are number of a) buoys passing and b) registrations. 

the instantaneous value here represent one buoy passing 81°N for the first time. As a 

whole, the April-September space and time averaged values are means derived over a 
longer period of drifting time than the Odober-March mean values. 

T he inst.antaneous averaged va.lue is three larger than the space and time averaged 
value in the period April-September between 15°\V and 15°E at 81 ON, and 1.2 times larger 
in Odober·Mareh. These deviatiolls between the two mean values inCl'ease when ehanging 
the summer season to May-August and the winter season to September-April. 

Vinje & Finnekåsa (1986) deri ved cross-strait drift profiles for May-August and Sep­
tember-April. Compared to Vinje & Finnekåsa's results, the meridional velocity presented 
here (Table 4.1b) increases on an average by and 1.6cms-1 west of the 0°-meridian 
and decreases by 1.4cms-1 and 2.6cms-1 east of the 0°-meridian for May-August and Sep­
tember-April, respectively. 

In Table 4.2 a) the cross-strait variations of the meridional velocity are presented across 
the latitudes SooN, 79°N, and 7soN, where the velocities are derived by use of the instan­
taneous mean values defined above. The cross-stra.it mean velocity is a1so presented, and 
it increases with decreasing latitude. In Table 4.2 b) the drift veloeities across 79°N are 
derived from all daily registrations between 78.7°N and 79.3°N. The instantaneous ve­
locity is 2.2 and 1.9 times larger than the space and time mean veloeity in April September 
and October-Ma.rch, respectively. 
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The southward velocity profile in OctoberÜMarch has two extremes 

Table 4.2: Cross-st rai t variation of the meridional (South) component of ice 

velocity (cm/s). Drift velocities deri ved a) from the first time a buoy passes 

SooN, 79°N and 78°N, and b) from all the daily registrations betwcen 78.7° N 
and 79.3° N. 

Period 15-10 10-5 5-0 0-5 5-10 value 

a) 80° N Apr-Sep 16.9 (8) 20.4 (25) 22.7 (13) 20.4 (4G) 
Oct-Mar 9.9 (l) 24.4 (10) 26.7 (18) 39.6 (13) 20.4 (4) 28.9 (46) 

79°N Apr-Sep 113.3(2) 18.3 (7) 20 ..5 (29) 28.7 (��) 20.5 (41) 
Oct-Mar 17.2 (5) 22.3 (12) :39.5 (24) 19.1 (l) 30.9 (42) 

7soN Apr-Sep 11.1 Ul) 16.5 (7) :34.5 (22) 28.4 (:32) 
Oct-Mar 14.0 (10) 28.3 (Il) 47.8 (1:3) 2.5.7(1) :31.4 (:35) 

b) 79°]\; Apr-Sep 3.G (28) 8.2 (74) 13.3 (1:3G) 4.7 (68) �).:3(30G) 
Oct-Mar .').9 (58) 15.9 (45) 2G.4 (64) 11.0 (G) 1 G.:3 (17:\) 

If we increase the resollltion of the cross-strait ice drift vclocity profile [rom 5° to 

2.5° longitlldal intervals, we will find a different distriblltion of ice velocity across the 
strait during winter. 
(Figure 4.2 solid line) for the profile aJong 79°N. These two extremes are loeated bet.ween 
7.5°+lOoW and between O-.5°W, which is fajrly well eorrelated to the twoÝpeak lJistogram 
distriblltion of where the buoys pass this latitude (Figure 11.1). These two winter extremes 

can be seen in almost all the cross-strait velocity profiles bctween 75°-81°N (F igure 2.6). 
In April-September there is one extreme velocity valne locatcd between 2.5°-5°\V, with a 
velocity value lower than each of the two "vint.er extremes. 

Cross-strait profiles of ice concentration from t.he NOAA-data along 79°N have also 
bcen studied more closely. The longest period of time when the Fram Strait \Vas totcdly 
icc covered along 7goN during the years 1972Ý1990, was from February Lo the end of May 
in 1977. A1so from January to March 1972 the Stra.it was totally ice coverecl along 79°N. 

Thcre were also quite high ice conccntration vaJues aJong 79°N from February to March 
1986. Other years a1so have no open water along 79°N, but not for such long periods of 
time and not with such high icc concentration values as reported above. Examples of cross­
strait ice concentra.tion profiles along 79.0° N are shown in Figure 4.3. This figure shows 
the monthly mean icc concentration in April 1977 and April 198;1, situations with large 
and sma.ll ice cover ex tent. For comparison, the mean icc concentration in April averaged 
over the years 1972-1990, is shown. The conclution is that the Fram Strait is rarely totaJly 
icc covcred in April along 7g.noN. 
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Figure 4.2: The cross-strait velocity profile (South component) derived from aH daily positions 

between 78.7° and 79.3°N in the Strait, for April-September and October-March. The 

numbers represellt the num ber of daily registratioIls in the considered longituda.l inten·al. 

4.1 Registrations at the actual buoy positions 

The ice drift ve10city (O), and the geostrophie wind (+), for each buoy when passing 
the latitudes SooN, 79°N and 78°N in the Fram Strait are shown in Figures 4A, 4.5 and 
4.6. The magnitude is shown in Figure a), and the direction with the x-axis normal to 
the 32°vV-meridian in a polar stereographie map projection is shown in Figure b). The 
cross-strait mean values of ice velocity, v, and geostrophic wind, w, are also given explicitly 
in Figure a), and the cross-strait mean angle between the wind and ice velocity vectors, 
a(w-v), is given explicitly in Figure b). The ice concentration, i.e., the local fradion of 
the ocean area covered with sea ice, in the neighborhood of each buoy, is presented in 
Figures 4.4c, 4..5c and 4.6c when the blIoys passed the la.titudes 80oN, 79°."J and 78°N. 

The ice drift velocity is deri ved from the IABP and NP drifting buoy data set and 
calculated by linear interpolation on the polar stereographic map projection, bebveen the 
drift velocities of the two daily registrations on either side of the considered latitudes. 
Linear interpolation of the corresponding positions the longitude degree where the 
buoy passed the considered latitudes (see also Figure 4.1). 

In order to avoid assumptions on details in the sea surface boundary 1ayer, we choose 
to present the geostrophie wind together with the ice drift velocities. The geostrophic wind 
is deri ved from the hindeast wind data.set from the N orwegian �1eteorological Institute, 
which contains four sea level wind fields (10 meters above sea. level) per day on the polar 
stereographie ma,p projection with 7,5 km grid resolution. The wind vector at a buoy po­
sition is obtained by bilinear interpolation in the hindeast datagrid. The sea leve1 wind is 
converted to geostrophic wind with magnitucle and direction factors also from the Norwe­
gian Meteorological Institute. The daily mean wind values on the day the buoy passed the 
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Figure 4.3: Cross-strait profile of monthly ice concentration, Cm, in April 1977 and 1984, and 

mean value, Cm, for April averaged over the years 1972-1990 at 79°N. 

considered latitude are presented on the plots. 
The ice concentration data are from the NOAA data, which contain weekly ice con cen­

tration fields with a resolution in the Fram Strait area of 10 in an East-West and 0.25° in 
a Korth-South direction, as described previously. The ice concentration values presented 

in Figure 4.4-4.6c are obtained by first finding the gridcells in which each buoy position 
is located. The weekly value of ice concentration the this gridcells is then found for the 
registration date closest to the day the buoy passed the considered latitude. That is, the 
present ed ice concentration values are from maximum 3-4 days from the aetual days the 
buoys passed the considered latitudes. This can be the reason why some bllOY registrations 

have an ice concentration value corresponding to ice free areas. 
The wind drag on the sea ice surface may vary considerably from floe to floe in an ice 

field, and this may cause more or less individual ice Roe movements, as observed by Vinje 
(1977). And as stressed by Vinje & Finnekåsa (1986) such individual ice floe movements 
should be kept in mind when wind effects on ice motion is investigated. 

A veraged over the three latitlldes of consideration, i.e., 800N, 79°K and 78°N, the 
cross-strait mean ice velocity and wind magnitude are, respectively, 1.4 and 1.8 times 
larger during April-September than during October-March. And the wind magnitude is 
about 30 and 40 times larger than the ice velocity in April-September and October-March, 
respectively (Figure 4.4-4.6a). The increase in ice velocity during the winter season can 
be related to the increase in geostrophic wind. 

The cross-strait mean angle between the wind and the ice velocity is somewhat larger 
in April September (:::::: 20°) than in October-March (:::::: 10°) (Figure L1.4-4.6b). 

On average, the area arollnd the buoys has slightly lower ice concentration in April­
September (:::::: 0.8,5 dose drift ice) than in October-March (:::::: 0.90 very dose/close drift 
ice), when the zero ice concentration values are not included (Figure 4.4-4.6c). 
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Chapter 5 

Concluding Remarks 

Using data from the International Arctic Buoy Program and Norsk Polarinstitutt and the 
Navy ÃNOAA Joint Ice Center Digita.lized Sea Ice Data, the drift of sea ice through the 
rI'am Strait between Greenland and Svalbard is investigated with regard to icc drift veloc­
it y and iee distribution, 
The main results are On average over the years from 1972 to 1990, the period with increas­

Then 
ing area of ice cover in the Fram Strait starts in Oetober and reaches a relatively stable 
maximum value of ice covered area in the period from December to Marchj April. 
the ice covered area decreases to a minimum in September. The inter annua.! variation can 
be large. During the winter seaSOl1, OctoberÃMarch, the ice motion is fast and straight 
forward and can be related to the inereased wind. The relatively wide ice stream have 
two extreme velocities equa.l to O.20msÄ1 and 0.:30ms-1 Southward located, respectively, in 
between 7..5Å1O°\:V and 2.5 0ovV along the 79°N-Iatitude (Figure 4.2). During the summer 
season, April-September, the ice drift is slower in a narrower and eddy structured pattern 
with one extreme velocity vaJue egua! to 0.18ms-1 Southward located in between 5Ã2.,)o\:V 
along the 79°l'\-latitude (Figure 4.2). These velocity values are averaged both in time and 
space. 

In view 
of the large seasonal variatiolls in the ice drift velocity, ice distributionjextent, geosirophic 
wind, etc, one may cOllsider quarterly or monthly rnean values in future ice flux calcula­
tions. 

Acknowledgments 

This work was supported by the .Mast-Il initiative Project PL 20042, European Subpolar 
Ocean Program (ESOP). The authors thank The Norwegian Meteorological Institute for 
application of the hind east \vind database, and are grateful to T. Vinje for discussions and 
advice. 

:36 

In general, the sea ice drift out of the Arctic Ocean through the Fram Strait a.long the 
East Greenla.nd continental slope, has large interannuaI and seasonal variations. 
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