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The complex dynamical structure of the Gréenland Sea and its associated mesos
cale processes can be observed in satellite imagery. Intense temperature gra
dients, e. g. between the East Greenland Current and the West Spitsbergen 
Current, are detected by infrared radiometry, as is the mesoscale activity associa
ted with these fronts. Ocean colour data showing variations in phytoplankton 
biomass depict the underlying physical processes of the Greenland Sea. The 
variability in spatial scales of these features cao be estimated from radiometry 
data. The highest pigment concentrations(> 20 Jlg 1-1) are observed in the colder 
water close to the marginal ice zone (MIZ) which is clearly visible in the near
infrared data. 

Oceanologica Acta, 1993. 16, 3, 213-220. 

Tourbillons dans la mer du Groënland observés dans le visible et 
l'infra-rouge par radiométrie satellitaire 

La complexité de la structure dynamique de la mer du Groënland et les processus 
mésoscales associés peuvent être observés dans les images satellitaires. Les gra
dients intenses de température, par exemple entre le courant à l'est du Groënland 
et celui à l'ouest du Spitsberg, ainsi que l'activité mésoscale associée à ces fronts, 
sont détectés par radiométrie infra-rouge. La couleur de l'océan traduit les varia
tions de la biomasse du phytoplancton et révèle des processus physiques dans la 
mer du Groënland. La variabilité spatiale de ces phénomènes peut être estimée à 
partir des données radiométriques. Les concentrations les plus élevées en pig
ments(> 20 Jlg J-1) sont observées dans l'eau la plus froide près de la zone margi
nale de glace (MIZ). La MIZ est bien définie dans le proche infra-rouge. 

Oceanologica Acta, 1993. 16, 3, 213-220. 

The Greenland Sea (Fig. 1), taken as the area to the north of 
Jan Mayen island bounded by the Fram Strait in the north 
and Mohn Ridge to the east, is a complex region dominated 
by severa! major currents. It is heavily influenced by the 
MIZ, a transition zone from open ocean to pack ice, where 

polar and temperate climate systems interact. The MIZ 
exhibits intense gradients in temperature and salinity, as do 
the fronts where the Polar Water and Atlantic Water meet. 
The East Greenland Current (EGC) of southward-flowing, 
cold, low salinity Polar Water transports ice (about 3 000 . 
km3 a year) into the Greenland Sea, and meets the West 
Spitsbergen Current (WSC) of warm, high salinity Atlantic 
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water moving northwards up the east side of Fram Strait. 
The WSC ensures that the Fram Strait and the north-eastern · 
Gieenland Sea remain open during the Arctic winter. 

Despite oceanographie study of this dynamic region being 
restricted to specifie areas and certain times of year, by ice 
and extreme weather, there have been severallarge interna
tional experiments in recent years. These have demonstrat
ed the use of remotely-sensed, both satellite and aircraft, 
data to provide good spatial and temporal coverage of land, 
sea and ice (e. g. Johannessen et al., 1987). Coïncident sea 
truth experiments have supplied the necessary data to cali
brate and validate the remotely-sensed imagery. 

Visible radiometry, from the CZCS, a dedicated ocean 
colour mission from 1978-1986, detects anything in the 
water which exhibits a colour signal. Advanced algorithms 
perform atmospheric corrections and, in so called "Case 1" 
waters, where the water colour is a function of phytoplank
ton and their derivative products, maps of pigment concen
tration which is related to phytoplankton biomass can be 
derived (Gordon and Morel, 1983). This has been possible 
in sorne "Case 2" waters, where water colour is dominated 
by suspended sediment and other non-biological parame
ters (Mitchelson et al., 1986), but not in all"Case 2" waters 
which require specifie localized algorithms. Suspended 
sediment concentrations and water turbidity can also be 
derived from ocean colour measurements. The thermal 
infrared (IR) data from the AVHRR, flown since 1978 on 
the NOAA meteorological satellites, are used to map sea 
surface temperature (SST) during the day and at night. lee 
edge variations can be observed in the near-infrared data 
(CZCS channel5 and AVHRR channel2). -

PROCESSING 

Only 5 % of the total radiance recorded by the satellite is 
derived from the upwelling radiation, i.e. the water-lea-
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Figure 1 

Map of the Norwegian Sea showing the Green/and Sea area studied 
here with the major currents (adaptedfrom Trangeled, 1974). 

Principaux courants en mer du Groé:!nland et dans les parages de 
l'Islande (d'après Trangeled, 1974). 

ving signal Lw (À.), returned from a clear ocean. The 
remaining 95 % of the signal is the result of atmospheric 
scattering, by air molecules [Rayleigh scattering, LR (À)] 
and by suspended particles [aerosol scattering, LA (À.)], 
and direct reflectance at the sea surface (Quenzel and 
Kaestner, 1980). The total radiance, 4 (À.), is given by: 

4 (À.)= LR (À.) +LA (À.) + t(À.)Lw (À.) 

where t is the diffuse transrnittance of the atmosphere. 

Chlorophyll and phaeopigment concentrations (in ~g l-1) 

were derived, from ratios of radiances in the blue ( 443 
nm) and green (550 nm) channels (B/G) or the two green 
channels (520 and 550 nm) (G/G), using the NASA 
recommended algorithms (Gordon et al., 1983). Despite 
the large differences reported between bio-optical rela
tionships for polar oceans and temperate waters (Mitchell, 
1992), no site specifie algorithms for the Greenland Sea 
or polar regions have yèt been derived. Published results 
of chlorophyll retrieval from CZCS data of this area have 
also used the Gordon algorithms (e. g. Clark and 
Maynard, 1986; Maynard and Clark, 1987; and Müller
Karger et al.; 1990), 

(
R (443)) 

log C = 0.053- 1.71log R (550) 

valid for Case 1 waters where 0.029 < C < 5.4 ~g 1-1 

(
R (520)) 

log C = 0.522 - 2._44 log R (550) 

valid for Case 1 and 2 waters where 1.5 < C < 21.3 ~g 1-1 

These Gordon et al. (1983) algorithms underestimate the 
pigment values derived from CZCS data (Maynard and 
Clark, 1987; Mitchell, 1992) possibly because, at polar lati
tudes, phytoplankton are low-light adapted to enable them 
to survive at depth where the water is nutrient-rich. 
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EDDIES IN THE GREENLAND SEA 

.. Figure2 

Map of relative temperatures derivedfrom AVHRR channe/4 data with details 
of the ice edgefrom channe/2 overlaid: a) for 22 May 1981 (0818); b)for 23 
May 1981 (0755). Scale: red: warmer water; blue: co/der water 

Températures relatives déduites des données du canal4 de AVHRR. En surim
pression, les détails sur la limite des glaces proviennent du canal 2 : a) le 22 
mai 1981 (08. 18): b) le 23 mai 198 1 (07.55). L'échelle des couleurs va du 
rouge (chaud) au bleu (froid). 

Figure 3 

Maps of chlorophy/1 and phaeopigment concentrations (Jlg t 1) for 23 May 
1981 a) showing the cloud-free area with pigments derivedfrom the algo
rilhm using the blue (443 nm)lgreen (550 nm) ratio; b) showing an enlarged 
section around Jan Mayen island with pigments derived from the algorithm 
using the green (520 nm)lgreen (550 nm) ratio. Scale: dark green: highest 
concentrations; dark blue: /owest concentrations 

Concentrations en chlorophylle et en phéopigments (Jlg l-1) le 23 mai 1981 : 
a) région sans nuages où les pigments sont déduits du rapport des réflectances 
bleu (443 nrn)/vert (550 nrn) ; b) région de 1 'île Jan Mayen où les pigments 
sont déduits du rapport des réflectances vert (520 nrn)/vert (550 nrn). L'échel
le des couleurs va du vert foncé (concentrations élevées) au bleu foncé (basses 
concentrations) . .J 
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.. Figure4 

Reflectance map (440 nm) from 23 May 1981 with currents over/aid 
(from Trangeled, 1974). 

Réflectances (440 nm) le 23 mai 1981 et courants d' après Trangeled , 
( 1974). 



G. MITCHELSON-JACOB 

The BIG ratio, valid only for Case 1 waters, is considered 
to be most sensitive to changes in chlorophyll concentra
tions. At high pigment concentrations the water-leaving 
radiances at 443 nm become too small to be retrieved with 
sufficient accuracy from the total radiance at 443 nm. It is 
then necessary to use the GIG ratio to derive the pigment 
concentrations (Gordon et al., 1983). There is no evidence 
that the area studied here does not consist of Case 1 waters, 
i.e. having low concentrations of sediment and other non
biological parameters. Concentrations of yellow substance, 
which can be produced by brown algae especially at low 
salinity, can interfere with the pigment derivation from 
CZCS data. However, values for the Greenland Sea are low 
(HS}jerslev, 1979; 1981; Tassan, 1988). River run-off is 
considered to be the only important source of yellow sub
stance (HS}jerslev, 1979), and there is no evidence that river 
run-off from the ri vers bordering the Greenland Sea contri
bute large quantities of yellow substance. 

Maps of pigment concentrations derived from both the BIG 
and GIG ratios were produced. The chlorophyll distribu
tions are identical but the range of values differ. Saturation 
occurs on the BIG maps, seen as black pixels, where the 
values are too high for the algorithm. This is confirmed by 
the GIG map which shows very high concentrations at 
these locations. 

IR data from NOAA-6 AVHRR channels 4 and 5 (10.3-
11.3 Jlm), though of poorer spatial resolution, 1.1 km2 
pixel size compared to 0.825 km2 for the CZCS, are consi
dered in preference to the thermal data from the CZCS 
channel6 (10.5-12.5 Jlm). The latter have poorer tempera
ture resolution due to the banding in channel 6 and to the 
absence of any calibration. The NOAA-6 satellite bad only 
one IR channel so the split-window technique for deriving 
sea surface temperatures could not be used. CZCS channel 
5 (0.700-0.800 Jlm) and AVHRR channel2 (0.725-1.100 
Jlm) showing the detail of the ice and clouds were overlaid 
on the chlorophyll and temperature maps outside the region 
of interest (the open water). No images were found which 
were completely cloud-free. 

RESULTS 

Three CZCS images from 22 May, 23 May and 13 June 
1981 were compared to 5 AVHRR images available for the 
same dates. There were 3 AVHRR images for 22 May 1981 
(0818, 1808 and 1948). Attempts to locate sea truth data 
for the Greenland Sea during this period were unsuccess
ful. However, sea truth data from other years, found in the 
literature, have been considered in the interpretation of the 
results. 

Figure 2 a shows the temperature image derived from 
AVHRR data for 22 May 1981 (0818). The ice edge, which 
is about 60 km away from Jan Mayen, consists of small 
filaments of broken ice. Many of these filaments, sorne 
extending up to 110 km out from the MIZ, form eddy-lilœ 
structures. There is a wide band of colder water along the 
ice edge, with a sharp front. Eddies occur along the front 
and filaments of one water mass are entrained into the 
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other. These filaments vary in size; in the north-east part of 
the front the "yellow" filament of warm water is approxi
mately 60 km long. 

On 23 May 1981 (Fig. 2 b) the front is weaker than on 22 
May, i. e. the temperature gradient is over a larger area than 
on the previous day. The distance over which the band of 
intermediate temperature occurs bas gradually increased 
over the 24-hour period. A large polynya is visible just off 
the coast of Greenland where the fjords are ice-locked even 
though the MIZ is detached from the coast. 

A map of the pigment concentrations derived from the 
blue and green channels of the CZCS for 23 May 1981 is 
shown in Figure 3 a. There is a large cloud-free area, 
about 1300 x 1960 km2, though fine cloud (possibly sea 
mist) over the ice edge obscures part of the image in the 
visible channels. Jan Mayen is in the bottom left of the 
area of open water and Spitsbergen can be seen top right. 
The ice edge is detached from the coast of Greenland with 
a large polynya visible near the top of the image. Figure 3 
a shows two fronts separating areas of high pigments from 
a band of lower values. Severa} mesoscale filaments and 
eddies are visible at the sharp front between the higher 
chlorophyll water close to the ice edge and the water 
containing less than 0.5 Jlg I-1 of chlorophyll pigments. A 
small patch of water, about 27 km in diameter, exhibiting 
low chlorophyll concentrations is trapped inside a region 
where values are 7-10 Jlg r-1 higher. At the ice edge the 
levels of chlorophyll are low and increase towards the 
centre of the higher chlorophyll patch. The gntdients at the 
fronts are sharper nearer to Jan Mayen and weaker to the 
north. There is cloud just north of Jan Mayen; Figure 3 b 
shows more detail of the patch of high pigmént values, 
close to the MIZ, derived from GIG radiances. On 22 May 
the front is similar in position and form to the following 
day, though three weeks later (13 June) there is much less 
variation in chlorophyll, with generally lower values and 
smaller patches than those seen in the May imagery. A 
large patch of high values is located to the south-east of 
Jan Mayen, with values up to 30 Jlg r-1. 
The water-leaving radiance at 550 nm [Lw (550)] is a mea
sure of reflectance which maps the suspended sediment 
load of the water. Though these values are low, Lw (443) 
for 23 May 1981 cl earl y defmes the interleaving and eddies 
at the two fronts (Fig. 4). The higher reflectances coïncide 
with lower values of chlorophyll. A map of the general sur
face circulation of the Greenland Sea (adapted by 
Trangeled, 1974) has been overlaid on Figure 4. This 
reflects the wind-driven circulation patterns with the oppo
sing EGC and WSC forming opposite sides of the cyclonic 
Greenland Sea gyre (Aagaard, 1970). The bottom part of 
this gyre is induced by the zonal barrier of the Greenland
Jan Mayen Ridge. 

COMPARlSON OF CZCS AND AVHRR IMAGERY 

There was a narrow band of water close to the ice edge 
which exhibited negligible change in either temperature or 
chlorophyll. In the AVHRR imagery there were no eddies 



Table 

Summary of eddy characteristics from coincident CZCS and AVHRR ima
gery. 

FROM CZCS IMAGERY 

Diameter of eddies 

Position 

.1-Chl across eddy 

Cutoffeddy 
(22-23 May) 

FROM AVHRR IMAGERY 

Diameter of eddies 

Position 

AT across eddy 

10-75 km 
Mostly about 50 km 
with smaller eddies 
forming within these. 

Majority occur in Polar Water 
to the west of the front. 

From< 1.0 J.lg 1·1 to 7-10 J.lg 1·1 
over four pixels, i. e. 3.3 km 

About 27 km diameter 
Core about 7-8 J.lg J·l less. 

20-lOOkm 
Series of meanders c.lOO km diameter 
along front with smaller eddies 
forming within these. 

Most distinct eddies occur in region 
of strongest temperature gradient. 

No SST values (data from NOAA-6), 
six colour bands over six pixels, 
i. e. half total temperature range 
over6.6km. 

visible in the water close to the ice edge; the water tempera
ture was cold, possibly near freezing (- 1.87°C, Coachman 
and Aagaard, 1974). No CZCS data occurred in this region 
due to electronic overshoot. · 

The eddies apparent in the chlorophyll data were mostly in 
the colder water to the east of the frontal region indicating 
that the phytoplankton are predominantly on the colder 
side of the front, closer to the ice edge. A summary of 
eddy characteristics derived from CZCS and AVHRR 
images is presented in the Table. In the CZCS imagery the 
diameters of the eddies varied from 10 to 75 km, though 
sorne larger signais were recognised in the AVHRR ima
gery (up to 100 km). Most of the eddies associated with 
the front occurred in a mixing band about 100 km wide. 
The maximum chlorophyll difference across an eddy was 
from less than 1J!g 1·1 to 7-10 J.Lg 1-1 over a distance of 
four pixels, i. e. 3.3 km. Ralf of the total temperature 
range occurred over 6.6 km, i. e. six temperature colour 
ranges occurred over a distance of six pixels. 

DISCUSSION 

Visible and IR radiometry provide much information about 
both the physical structure and the biological variability of 
the oceans. Despite large archives of data there are few 
clear usable images of the Greenland Sea; most imagery is 
affected by cloud cover and for much of the year (during 
the Arctic winter) there is insufficient light for visible 
radiometry or the sun angle is too low for the required 
atmospheric corrections. 
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Frontal structure is clearly seen in the temperature images 
and several fronts have been identified. The distribution of 
chlorophyll pigments depicts the variability in the physical 
structure of surface waters as phytoplankton have little 
mobility of their own and move as part of the physical envi-. 
ronment. The chlorophyll maps produced show a narrow 
band of lower values at the ice edge with higher values on 
22 and 23 May 1981 attributed to bloom conditions further 
offshore. This narrow band is al ways to the north-east of the 
land, cloud or ice, and is noticeable off Jan Mayen island. 
This effect, known as electronic overshoot, is due to a delay 
in the adjustment of the CZCS amplifiers to large brightness 
changes and occurs to the eastern and north-eastern sides as 
the satellite passes to open water, causing obvious bands of 
lower pigment concentrations (Mueller, 1988). 

Much biological activity occurs in the Polar Water assoCia
ted with the MIZ. Phytoplankton blooms follow the rece
ding ice edge where more nutrients are added to the water 
by melting ice and greater stratification occurs. The highest 
chlorophyll concentrations are observed in areas of colder 
water, i. e. areas likely to be where ice is melting. 
Phytoplankton production in the Greenland Sea is general
ly associated with melting ice (Smith et al., 1987). Melt 
water released by the receding ice pack creates a region of 
enhanced stability exposing nutrient-rich water to high 
light levels which provides optimal conditions for phyto
plankton growth (Sullivan et al., 1988; Smith and 
Sakshaug, 1990). As the ice edge retreats the stratified 
region moves with it ànd the phytoplankton bloom follows 
becoming confmed to an area close to the MIZ (Smith and 
Nelson, 1986; Niebauer and Alexander, 1985). Pigment 
distribution reflects the effects of stratification, wind
induced changes and the influence of the ice edge (Clark 
and Maynard, 1986; Maynard and Clark, 1987). 

On 23 May 1981 two patches of high chlorophyll were 
observed (Fig. 3 a); one of these in the colder water near 
the ice edge, the other in the warmer water. The eddy struc
tures seen along the thermal front, where the water masses 
meet, indicate that the colder water is moving southwards 
relative to the northward-moving warmer water. The 
reflectance map (Fig. 4) shows that the area of lower chlo
rophyll had the highest reflectances. A possible explana
tion for the structure seen on 23 May can be found by 
considering the known currents of the region. The area of 
lower reflectances (higher chlorophyll) coïncides with the 
east side of the Greenland Sea gyre, and the other patch of 
low reflectances (high chlorophyll) with the area where the 
WSC and the Norwegian Atlantic Current meet. The inter
vening patch of high reflectances (low chlorophyll concen
trations) occurs over the Mohn Ridge. The Jan Mayen 
Polar Front occurs where an intrusion of Polar W ater of the 
EGC from near the ice edge is diverted towards Jan Mayen 
by the North Jan Mayen Ridge to form the Jan Mayen 
Polar Current. This cold water forms the southerly part of 
the Greenland Sea gyre and meets the Norwegian Atlantic 
Current to forma well-defined oceanic front (Carmack and 
Aagaard, 1973), the position of which correlates to that of 
the Mohn Ridge (Johannessen, 1986). The MIZEX '87 
Group (1989) also reported the location ofthe Arctic Front 
to be over Mohn Ridge. As the EGC lies under the MIZ the 
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cold water seen in the temperature imagery is the cold-core 
of the Greenland Sea gyre, not the Polar Water of the EGC. 

The chlorophyll concentrations derived from the CZCS for 
May-June 1981 range from 0.1 to more than 30 J.Lg 1-1 (for 
13 June), though the G/G algorithms are only valid to 21.3 
J.Lg 1-1. These values exceed those quoted in the literature 
measured during sea truth experiments in the area. During 
the Marginal lee Zone EXperiment, MIZEX 84 in June 
1984, concentrations of chlorophyll a and phaeopigment at 
the surface were between 0 and 6 J.Lg 1-1 with maximum 
values of 10-15 J.Lg 1-1 found between 10 and 30 m (W.O. 
Smith Jr., pers. comm.). Data from the Cearex croise in 
April-May 1989 found maximum pigment concentrations 
around 5 J.Lg 1-1 (Mitchell, 1992). The ARC VI croise in the 
Greenland Sea from 11-18 June 1989 .recorded values of 
chlorophyll of less than 4 J.Lg 1-1 (with the addition of the 
phaeopigment concentrations these would still be less than 
7 J.Lg 1-1; R. Reuter, pers. comm.). 

Most of the CZCS-derived pigment concentrations for 
May-June 1981 are within the range of published sea truth 
observations; higher concentrations occur in distinct 
patches, e. g. south-east of Jan Mayen on 13 June. Patches 
of high pigment concentrations which occur during bloom 
conditions can be short-lived, making their detection by in 
situ methods difficult as ship sampling can miss discrete 
patches. Measurements of phytoplankton, the basis of the 
food chain, can be used as indicators of the presence of 
higher trophic level organisms, especially fish. This is an 
important use of remote sensing as sorne of the richest 
fisheries are located close to the marginal ice zones. 

There is no evidence that the values of yellow substance 
observed in the part of the Greenland Sea visible in these 
images would interfere with the derivation of pigment 
concentration or the "Case l" concept. Tassan (1988) 
quotes yellow substance in the Greenland Sea as being 
equivalent to a chlorophyll concentration of 0.15 J,.Lg I-1. 
Given the range of chlorophyll values observed in the 
images studied here, yellow substance concentrations of 
this order can be considered negligible. Yellow substance 
measured during June 1989 in the Greenland Sea was so 
low that absorption techniques could not be used (R. 
Reuter, pers. comm.). Fluorescence values showed that yel
Iow substance was highest close to the ice edge, with lower 
values showing little variation across the rest of the region 
of the Greenland Sea gyre. The high values close to the ice 
edge coincided with a narrow zone of lower salinity. The 
higher yellow substance fluorescence measurements did 
not coincide with high chlorophyll fluorescence values. 

The higher reflectance values, indicative of greater scatte
ring, were associated with shallower water. Sampling in 
this region confmns that, in early summer, the phytoplank
ton comprises diatoms with sorne dinoflagellates (Smith et 
al., 1985), both of which are not scattering efficient. Deep 
water, forced close to or actually to the surface by the rise 
in the bottom topography of the Mohn Ridge, could bring 
particulate matter into the surface waters. 

In May the Greenland Sea area is still heavily ice-contami
nated and the surface water temperatures are near their 
minimum as a result of the melting ice. Ali the images 
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show the MIZ where the ice edge is retreating; during mel
ting conditions sea temperatures close to the ice edge are 
usually less than 0°C. The temperatures would be similar to 
the observed values, up to about 8°C, found in the literatu
re. The thermal front on 23 May 1991 exhibits a sharp gra
dient of several degrees, up to 6°C, over a short distance. 
The Polar Water of the EGC has temperatures near freezing 
point whilst the water of the WSC on the other side of the 
East Greenland Polar Front (EGPF) was warmer than 5°C 
(Aagaard and Coachman, 1968; Coachman and Aagaard, 
1974). Even in winter, temperatures for the Atlantic Water 
of the WSC were between 2° and 4 oc. 
The MIZ, which reflects the underlying water circulation, 
is a dynamic and complex region of flux between the sea, 
the ice and the atmosphere. There are few observations of 
the fate of mesoscale eddies in the MIZs (Muench, 1990). 
The processes which occur in this region, such as eddies, 
off-ice jets and vortex pairs, are important as they ali trans
port ice into open water. The beat and salt exchange of this 
region is also enhanced by eddies which can pull warmer, 
more saline water into the ice, increasing the rate of abla
tion of the ice. lee melt has been reported to be ten times 
greater in the presence of eddies (Niebauer, 1991). In this 
region most of the MIZ is over the continental shelf of east 
Greenland where the strong EGC occurs. The MIZEXs in 
this area observed lots of eddies (e. g. Bourke et al., 1987; 
Johannessen et al., 1987; Johannessen, 1987). Shuchman 
et al. (1987) concluded that ice edge meanders could be 
important in the generation of ice-ocean eddies. The mean
ders provide the initial perturbations in the Ekman trans
port field that eventually results in eddies being formed. 

The eddies seen in the pigment maps occurred in the cold 
water between the ice edge and the front. The spatial scales 
of the eddies and meanders seen in the imagery are of the 
same order as those found in the literature (e. g. Muench, 
1990; Niebauer, 1991 ). The meanders of the EGPF have 
been observed to vary from 10 to 100 km. Small eddies c. 
10 km in diameter have also been observed. Smaller, ubi
quitous, transient eddies of diameter 10-40 km are genera
ted in the MIZ (Johannessen et al., 1983). 

CONCLUSIONS 

Satellite data can provide an insight into the mesoscale and 
large-scale physical and biological processes of the 
Greenland Sea to a spatial and temporal resolution which 
cannot be met by traditional shipboard oceanography. 
Despite the problems associated with ocean colour measu
rements in high latitudes CZCS data can be used to monitor 
the variations in the physical oceanography of the 
Greenland Sea. lee edge blooms, eddy formation, circula
tion patterns and fronts between water masses can ali be 
identified in the imagery. The interleaving of the Polar and 
Atlantic Water masses produces distinct eddies and mean
ders along the EGPF and the Jan Mayen Polar Front. 

The images confmn that mesoscale activity is ubiquitous in 
the open ocean and in ice edge regions (Manley, 1987). 
The brash-ice of the MIZ, especially at the ice-ocean inter-



face, reflects the underlying ocean movements with ice 
edge meanders and eddies forming during light winds. In 
light and moderate winds the ribbons of broken ice depict 
the variation in the underlying currents. 

The majority of pigment concentrations for May-June 
1981, derived from CZCS data using the standard algo
rithms, are comparable with the values found during seve
rai sea truth experiments at the same time of year but in dif
ferent years. Although sorne patches of higher concentra
tions were found in the imagery, no such discrete patches 
were observed in the sea truth data. Sea truth data are nee
ded to enable the remotely-sensed data to be interpreted 
fully. More research is required in developing high latitude 
algorithms to derive reliable estimates of pigment concen-
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trations, from ocean colour satellite data, for the assess
ment of large-scale biological productivity patterns of 
remote areas (Müller-Karger et al., 1990). With the perio

. die inaccessibility and high frequency of cloud cover of the 
Greenland Sea more satellite overpasses by future satellites 
must be a priority to enable ongoing monitoring of this area 
(Mitchell et al., 1991). 
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