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Surface wave conditions at Marion Island 

M L Griindlingh 
CSIR, P 0 Box 320, Stellenbosch,7599, SouthAthca 

The surface wave climate and wave profiles in the vi
cinity ~.f Marion Island are investigated. using SWH 
(significant wave height).(rom the Geosat altimeter be
tween 1986 and 1989. The average SWH varies be
rn·een 3,2 m (summer) to 4.8 m (winte1) with a maxi
mum of 9.3 m. A wave-height Trough in the lee (i e 
east) o(Marion amounts to 0,4 to 1,8 m below rhe open
ocean-levels. The reduction SWH may influence the 
mixino characreristh·s in the lee of Marion. 0 . 

Die oppervlakgodklimaat en -golfprojfele in die 
omgev.•ing l 'an Marion-ei/and word deur middel van 
beduidende go[fhoogte (BGH) afkomstig van die Geosat 
altimeter ondersoek. Die BGH varieer tussen 3.2 m 
(some1) en 4,8 m (winter) . met 'n maksimum van 9,3 m. 
'n Trog in die ~Y (d w s oos) van Mm·ion beloop ongeveer 
0, 4 - 2, 8 m onder die diepsee-goljhoogte. Die afname 
in BGH mag 'n invloed he op die menglaag oos van 
MaJ·ion. 
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Introduction 

Marion is the larger of two islands (the other one being 
the Prince Edward Island) of an isolated volcanic fea
tttre of about 60 km diameter located at 47° S, 38° E 
(Fig 1). The two islands are about 22 km apart in a 
north-east south-westerly direction and are joined by a 
bathymetric saddle that rea~.:hes a maximum depth of 
about 240 m. 

As fa r as the environmental climate is concerned, the 
islands are wet (rainfall > 2 500 mm per year), cloudy, 
with winds mainly from the north-westerly and west
noi1h-westerly sector (I 07 days per year have gale force 
winds. Smith 1987). The dominant wind direction, re
corded at the island base, may be influenced by the to
pography of the island. 

Compared with extensive chemico-biological research 
(Allanson et a/ 1985, Cooper & Brown 1990, Gon & 
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Fig 1: Chart of the area south of Africa sho·wfng the tracks ofthe Geosat satell~te. The i~set is a.3:' ~ 3° enlarged 
area around Marion and Prince Edward l<>lands to show the location of satellite tracks m the VICrmty. 
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Fig 2: Seasonal histograms of Geosat sign~ficant wave height (SWH) in the quadrant 46° to 4tfi S, 36° to 4fJ! E. 
(a) summer (Jan-Feb-Mar), (b) autumn (Apr-May-Jun), (c) winter (Jul-Aug-Sept), (d) spring (Oct-Nov.Dec). The 
ordinate is the number of observations, and the abscissa is the SWH at 0,5 m intervals ( e g the bar at "2" m is 
applicable to the interval 1.5 to 2 m) 
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Glages 1988, Siegfried et al 1979) investigations into 
the physical oceanography of the region have been sparse 
(Boden 1988, Duncombe Rae 1989, Perissinotto & 
Duncombe Rae 1990). During the past eight years the 
results of dedicated cruises to the area (Marion Offshore 
Ecological Survey J, II and m, Duncombe Rae 1989, 
Van Ballegooyen et aL 1989) have contributed to insight 
into the marine physics of the islands. The mean flow in 
the vicinity of the islands is of the order of 50 cm/s 
(Parker 1984, Lu~jeharms et a/ 1988) and there seems 
to be a weakly defined, mainly anticyclonic eddy located 
on the saddle between the islands. 

The tmderstanding of the physical oceanographic 
processes has additional relevance. The pristine envi
ronment ofMarion, a relatively isolated microcosm and 
natt1re reserve, requires judicial study of its ecosystem 
and its interaction with the broader marine envirorunent 
within which it resides. In addition, the Prince Edward 
Islands form part of the Southern Ocean and are ex
posed to and interact with the Antarctic Circumpolar 
Current (McCartney 1976), the Antarctic Polar Front 
Zone is located in the vicinity of the Islands (Lutjeharms 
& Valentine 1984) and the islands are situated in the 
broad region of stormy weather (Taljaard 1972) and high 
waves (Griindlingh 1993). An investigation of the local 
envirorunent therefore forms part of and contributes to 
the knowledge of the wider climatic realm. 

The wave climate at the islands forms the focus of 
the present brief survey. Apart from their direct impact 
on the existence and behaviour of marine fauna and flora, 
waves contribute to the mixing ofterrigenous material 
(such as the freshwater run-off from Marion) and the 
shaping of the ocean mixed layer. Knowledge of the 
wave climate could also assist in the location of marine 
surveys, placing of equipment moorings, etc. 

It appears that there is no reported information on 
the mesoscale wave climate in the vicinity of the islands 
(apart from semi-global maps of wave heights, Mognard 
et a/1983, Challenor et a/1990, Griindlingh 1993). It 
is sunnised that the only direct observations of local 
wave conditions may be the visual, unpublished sightings 
made by officers on vessels occasionally visiting the is
lands (the islands are remote from any shipping lanes). 

Satellite altimetric data contain information on wave 
heights and could fiJJ a gap in the islands' environmen
tal infom1ation. It was therefore considered appropriate 
that some features of the wave field be briefly eluci
dated. 

Data 

The Geosat satellite was launched in March 1 985 and 
initially surveyed the sea surface for geodetic purposes. 
In November 1986 the orbit pattern of the satellite was 
changed to repeat exactly every 17,05 days (referred to 
as a cycle, Cherney et al 1991 ), resulting in a grid of 
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lines about 110 km apart at 40°S (Fig 1 ). Geosat oper
ated continuously until January 1990, but the data cov
erage declined rapidly after March 1989. Only the data 
collected between November 1986 and February 1989 
are used in the present analysis. 

Along each track the satellite rapidly emitted short 
radar signals that, on reflection from the sea surface, 
provided information on the surface roughness and hence 
the significant wave height (SWH). The SWH reported 
here was derived from one-second averages covering 
about seven kilometres along the satellite track. The 
satellite SWH probably underestimated the true SWH 
by about 0,4 m, with an accuracy of about 0,36 m 
(Dobson et a! 1988, Toumadre & Ezraty 1990). 

The radius of the satellite footprint (area covered by 
one reflection) is a function ofthe satellite height and 
speed and the mechanism whereby the return echo is 
sampled (Chelton et a/1989, Brooks et al 1990). For 
Geosat the footprint radius was nominally 4,7 km, but it 
increased with SWH from 2 to 8 km. No information 
was available on the wave direction. 

The SWH data were employed in two modes. Firstly 
the measurements were binned into 2° x 2° blocks on a 
cycle-by-cycle basis and statistical information (aver
age, maxima, histograms, etc) derived for each block. 
This allowed the creation of temporal and geographic 
composites (Griindlingh 1993) which were used to pro
vide seasonal and annual "background" SWH levels in 
the vicinity ofMarion. 

Secondly, SWH profiles along the satellite track were 
inspected for in situ information on the SWH at Marion. 
Only one satellite ground track (Al86) fortuitously 
passed close enough to (in fact, in between) the islands 
(Fig 1 ). Brooks et al ( I 990) investigated the effect of 
islands on the Geosat footprint and found that the clos
est that the footprint approached an island before al
ways being affected was 1 km, and the furthest before it 
was never affected was 6,2 km. In the present case, 
Geosat did not pass within 5 km of Prince Edward and 
8 km of Marion, so it would be unlikely that the data 
would be affected. Nevertheless, the effect of an island 
on altimetric SWH was to increase SWH by typically 
12 m (Brooks et al J 990), a phenomenon that never oc
curred in this study of Marion and Prince Edward Is
lands (see below). It is therefore assumed that the satel
lite data along track A 186 were not contaminated by the 
proximity of the land. The duration of the SWH transect 
over 3° oflatitude (the size of the inset Fig 1) was less 
than one minute, providing a unique and synoptic in
sight into the wave conditions in close proximity to the 
island. 

Results and discussion 

(a) Wave climate 
It has been shown (Griindlingh 1993) that Marion is 
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Fig 3. Examples o,( significant wave height (SWH) profiles, with satellite pass !Ds, along the line running between 
the Prince Edward Islands (see Fig 1 for location). The dips in SWH in the vicinity of the islands between 46° and 
47° S are clearly evident 
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situated within the zonal belt of high waves in the South
em Ocean. The seasonal histograms ofthe satellite SW H 
data in the bin formed by 461>to 48° S, 36°to 40° E, (Fig 
2) sharpened in summer and spring and broadened in 
winter and autumn. The average SWH varied between 
3,2 m (smruner) to 4,8 m (wil1ter), white the maximum 
mnged :fi:om 8,6 m (summer) to 9,3 m (spring). 

(b) Wave height in tbe lee ofMarion 
Geosat collected 36 profiles of SWH along the track 
running between Marion and Prince Edward during the 
period of the investigation. Thirty four, or 94%, of these 
profiles revealed a conspicuous trough east ofMarion, 
examples of which are given in f ig 3. 

The satellite-derived profiles of SWH in most patts 
of the Southern Ocean reveal variations on a geographic 
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Fig 4. Quantification of the characteristics of the sig
n(ficant wave height trough (SWH, ordinate in m). Plot~ 
ted are the SWH departures from the line fitted over 
450 to 49° S (e.xcluding the trough iTself) The remain
ing "background" SWH level is represented by line a
a while the "reference " level. offset by 0,25 m below 
the the background. is indicated by b-b. The northerly 
and southerly limits of the trough are designated by c 
and d, respectively, while the magnitudes o.f the trough 
are indicated by e to f 
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scale ofhtmdreds to thousands of kilometres. These vari
ations are associated \v;th storm fields moving mainly 
from west to east in these latitudes (GriincUingh 1994). 
To remove this large-scale signal and thus isolate the 
local from the far-field wave tendency, SWH profiles in 
the vicinity of Marion were linearly dett·ended by fitting 
a line to tbe profi les over the latitude interval45° to 49° 
S afte r visually excluding the n·ough itself. The result
ing proJ.iles revealed the scale of each trough more clearly 
(f ig 4). To quantify the dimensions of each trough. the 
trend line over the interval46° to 48° S (linea-a, exam
ples in Fig 4) was offset by 0,25 m (I jpe b-b, Fig 4) and 
the limits, (c, d) of the trough derived at this level. The 
geographic position of the SWH trough centre (taken as 
the nadir) and the magnitude ( e-f) of the attenuation rela
tive to the background level were also noted. The indi
vidual positions of the li mits and the centres of the 
troughs, as wel l as the average position of those troughs 
exceeding 1,25 m, are given in Fig 5 (a) to (c). 

Whereas both the average position of the southerly 
limits (Fig 5c} as well as that of the nadirs (Fig 5b) 
seemed to retlect Marion Island's shielding effect to storm 
conditions approaching fi·om the west, the average of 
the northerly limits was located surprisingly far in lhe 
north (Fig 5a). It is notable that whereas the n01them 
and southern limits of the troughs had north-south de
viations of about 12 to 15 km, the standard deviation of 
the nadir was only 7 km. This suggested that the posi
tion of the trough was either independent of the incident 
wave direction, or that the wave direction was invariant. 

Ot1 avetage the attenuation (depth of the centres of 
the SWH depressions below the far-field level) was 
1,2 m, although it varied from 0,4 to 2,8 m. Compared 
with the far-field climatic average SWH of about 4 m 
derived above, the mean relative attenuation was about 
30%. 

The SWH along the next satellite line approximately 
50 km east of the islands (see Fig 1) was investigated to 
determine whether the lee effect ofMarion extended that 
far. No clear evidence (comparable to that found closer 
to Marion) could be found of any attenuation, although 
it was obvious a priori that the attenuation could not be 
expected to be as patent as it was closer to the islands. It 
was therefore concluded that the discernible effect is 
mostly confined to within about 50 km east of the is
lands. 

The reduction in SWH found in the _present investi
gation will reduce the turbulence required for ve1tical 
mixing and thereby affect the thermal stratification in 
the upper layer in the lee of the islands. For this reason, 
the relation between the wave climate in the proximity 
of the islands and the vertical stmcture should be inves
tigated as a possible contributing mech;mism to observed 
features of the flow at the islands (Perissinotto & 
Duncombe Rae 1990). 

99 



~ 

w 

coOl 
1'0(1) 

""0 ....__ 

(l) -C,) 
""0 -:J 
-+-' 

CJ'I 
c 
0 
_j 

,....... 

1'0 

~ 

w 

coOl 
1'0(1) 

""0 ....__ -Q) .0 
""0 -:J 
-+-' 

CJ'I 
c 
0 
_j 

~ L----L----~--~-----L----~--~-----L----~--~ 

r<')c.D 

~ 
1'0 

""" 

.,---.._ 
w 

coCJ"l 
r<')Q) 

""0 
...___; 

Q) -cd 
""0 -:J 
-+-' 

CJ"l 
c 
0 
_j 

~ 
1'0 

100 S. Afr. J. Antarct. Res .. Vol 24 No l & 2: 1994 

Acknowledgements 

The assistance of Louise Watt in archiving, processing 
allll plotting the satellite data is gratefully acknowledged. 

References 

ALLANSON BR. BODE. BP. PARKFR LD & 
DU~COMBE RAE CM 1985. A contribution ro thi.! ocea
nolof:.'Y of the Prince Edward Island. In: Antarctic 11111rient 
cycles andji>od webs. eds WR SiegfrieJ. PR Condy & Rll 
Laws. Springer V. Berlin: 38~5 
BODE\J BP 1988. Observations of the isla:ntl mass elfect in 
1 he Prince b.lward An:hipelago. Pol. Bioi. 9:61-68 
BROOKS Rt. LOCK WOOD DW & IIANCOCK DW 1990. 
Effect of ts.lnnds in the Geosat footprint. J geoplrys. Res. 
95: 2ll49-2855 
CIIALLENOR PG. FOALES S & WEBB DJ 1990. Sea
sonal changes in the global wave climate measured by !he 
Gcosat altimeter. lnr. J. Rem01e Sens. 11: 2205-2513 
CHELTON DB. WALSII [J & T\lAC.-\KI IILR .IL 1989. 
Pulse compres~ion and sea le\'el tracking in satellite 
altimetry. J utmos. ocean. Technol. 6: 407-438 
CHENEY RE. DOYLE NS. DOUGLAS BC. AGREEN RW. 
~tiLLER LL, TIMt\IERM.AN EL & \lcADOO DC 1991. 
The complete Geosat altimeter geophysical data record 
handbook. NOAA Manual NOS NGS 7, 79 pp 
COOPf R J & BROWN CR 1990. Ornithological research 
at the sub-Antarctic Prince Edward Islands: a review of 
achievements. S. .~fi: J Antarct. Res. 20: 40-57 
DOBSON EB, WILKERSON J.AGREEN R & DOUGLAS 
B 1988. Geosa1 allimerer wind and waw data record user 
handbook. Johns Hopkins University Report .IHU/ A PL 
SIRt\llU-009, 27 pp 
DUNCOMBE RAE C~1 1989. Physical and chemical ma
rine cnviromncnt of the prince Edward Islands (southem 
ocean) during Aprii/May 1987. S. Aft: J mm: Res. 8: 301-
311 
GON 0 & KLAGES NT 1988. The marine fish fauna of the 
sub-Antarctic Prince EJward Islands S . . !fi: J Antarct. Res. 
18: 32-54 
(, RONDLfNGI I ML. 1993. On the satellite-derived wave 
climate off southern Afiica. S. Afr. J mm: Res. 13: 223-235 
GRUNDLfNGH ML, 1994. Some characteristics of satel
lite-derived wave heights in the South Atlantic Ocean. Deep
Sea Res. -11: 4 13-428 
LL TJEILARMS JRE & VALENTINE HR 1984. Sowhern 
Ocean themtal fronts south of Africa. Deep-Sea Res. 31: 
1461-1475 
LUTJEIIARMS JRE, SHANNON LV & BEEKMAN LJ 
1 988. On the surface drift of the Southern Ocean. J 11101: 

Res. 46: 267-279 
f\1c CAR fNEY MS 1976. The interaction of zonal currents 
with topograrhy with applications to the Southern Ocean. 
Deep-Sea Res. 23:413-427 
MOGNARD N!lvf, CAMPBELL WJ, CHENEY RE & 
MARSH JG 1983. Southern Ocean meao monthly waves 
and ~tu·face winds for winter 1978 by Scasat radar altimeter. 
J. geophys. Res. 88: 1736-1744 
PARKER LD 1984. I contribution to 1he oceanology oft/re 

S. Afr. J. Antarct. Res .. Vol 24 No I & 2. 1994 

Prince Echvard Islands. Unpublished MSc thesis, Rhodes 
University, Grahamstown. 97 pp 
PI RISSfNOTTO R& DUNCOMBE RAE CM 1990. Oc
currence of anticyclonic eddies on the Prince Edward Pla
teau (Southern Ocean): effects on phytoplankton biomass 
:mJ proJuctlon. Deep~Sea Res. 37: 777-793 
SIEGFRI!- D WR. FORBES PF & CO~DY PR 1979. Sci
entific research at the Prince Edward Islands, 1847-1979: 
a bibliography. S. Afi: J Antarct. Res. 9: 35-41 
\\11 rH \ R 1987. The environment and biota of Marion 
Island. S .. ~fi: J Sci. 83· 21 1-220 
f\UAAR D .1.1 1972. S~noptic meteorology of the solllh
crn hemt:-phere. In: Meteorology of the southern hemi
sphere. ed W Newton. Meteorological monographs 13, 
American Meteorological Society. Boston. 262 pp 
TOURNADRE J & EZRATY R 1990. Local climatology 
or wtnJ and sea state by means of satellite altimeter meas
urements. J. geoplm~. Res. 95: 18255- 18268 
VAN UALLEGOOYEN RC, PERISSINOTTO R, ISMAEL 
11, BODEN B, ALLANSON B, LUCAS M & 
I U"I.IEHARMS JRE 1989. Data report of the second cruise 
of the Mm·ion Qtfshore Ecological Study (MOES If). CSlR 
Report EMA-D8910. Ematek, Stellenbosch, South Africa 

101 


	sajar_24_1994_Page_50
	sajar_24_1994_Page_51
	sajar_24_1994_Page_52
	sajar_24_1994_Page_53

