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Correspondence 

SIR, 

.\Iert;: and Nillll is Glacier tongues IIw/J/Hdfro m satellite mdar 
a/limeler data 

7\Jertz a nd Kinnis Glac ie rs a rc two glac iers in E as t Anta rc
ti ca (I\Iert z: 1+5 E,67 S; Ninnis: 147.5 E, 68 ° S ) with long 
tong ues exte nding into the so uthernmost India n O cea n. A 
contributio n in a recent iss ue of theJ oll mal of Clacio/ug)' by 
Wendkr a nd others (1996) is concerned with ad\'a nce and 
retreat of these tongues a nd with the desc ription of their sur
face fea tures based on satell it e synthetic ape rture rada r 
(SAR ) d a ta fromJERS-l. 

In thi s leller, wc note that accurate surfa ce e!c\'a tion and 
extent o f these Eas t Anta rc tic ice tongues a re now a\'a ilablc 
fi'om an e \ 'a l ua ti on of G c os a t G eodetic l\li ss io n (Gl\ f) rada r 
a ltimete r (RA) data. A topog raphic map o f the Ninnis and 
l\fcrt z Glac ie r a rea is provided ( Fig. I), in a ddition to en
la rged ve rsions of7\fertz Gl ac ie r (Fig. 2) a nd :'\innis Glac ier 
(Fig. 3). Th ese maps \\'ere expa nded from o ur a tl as oftopo
g raphic te rra in models of Anta rctica. deri\'ed from Geosa t 
Gl\[ RA d a ta of 1985 86 using geosta ti stica l method s 
(H erzfe ld a nd 7\latassa, in press a ). 

In ge nera l, RA and SAR d a ta can be combined to study 
changes in position, surface morph ology a nd e le\'a ti on of 
Anta rcti c ice streams a nd g laciers. The a dva ntage of RA 
data over SAR data is the i r longer reco rd in time (since 
1978), mo re frequ elll repeat, a nd lesser da ta \ 'olume, which 
fac ilita tes frequent co llecti o n a nd rapid eva lua ti on fo r la rge 
a reas. 

DATA ACQUISITION, PROCESSING AND GEO
STATISTICAL EVALUATION 

The ach-a ntage of Geosat d a ta fi'om th e G eod e tic ~ fi ss ion 
(1985- 86) is their dense r g round-track pa tte rn resulta lll 
from the fac t that th e sa tel li te was all o\\'ed to drirt instead 
of being fo rced to repea t wide r spaced orbits exac tl y (as in 
the Exact Rcpeat ~liss ion 1987- 89). Da ta processing, pro
j ecti on, th e a tl as-mapping problem and geosta ti st ical eva
lu ation a re treated in Herz lC ld a nd :-Iatassa (in press a ). \Ve 
acquired d a ta from the Ice Shee t Altimetr ), Gro up at ~ASA 
Godda rd Space Flight Cente r (H . .]. Zwa ll y, J. Dil\Ia rzio 
and co-worke rs), Data process ing at NASA GSFC included 
retrac king, reduction using G odd ard Ea rth ?\lodel (GEl\ f ) 
T 2 orbits, correcti on for a tmospheric cfTcClS, wa ter \'apour 
a nd solid Earth tides, and slop e co rrec ti ons ( for me thods sce 
Herzfcld a nd I\lat assa, in press a ). Only points with re
tracked a nd slope-co rrected d a ta a re lIsed in m apping. Geo
graphic coordina tes of d a ta locati ons a rc cOI1\ 'C rted to 

Universa l Tra ns\'erse ~rcrcato r (UTI\I ) coo rdina tes to fa cil
ita te rapid interpolati on a nd to reduce di sto rti o n (Snyder, 
1987; H erzfCld and ~latassa, in press b). 

Grid values a rc ca lculated using ordinary kri g ing with 
search a lgo rithms de\'C loped ro r geophysica l trac k-lin e dat a. 
Ordina ry kri g ing is a least-sC[u a res-based optimum interpo
la ti on technique from geosta ti stics, the theory of'regiona
li zed va ri ab les, a nd proceed s in two steps, spatial anal ysis 
(\'ari og ra phy ) a nd estim a ti o n. The rela tive ly hi g h error in 

rada r a ltime te r d a ta owr ice surfaces requires sp ecia l pre
cauti ons in the \'a ri ography (see H erzfeld a nd ?\1atassa, in 
press a ). A g rid sp acing of 3 km is used; el eva tions are above 
the \\'orld G eod e ti c System 198+ (WGS8..J.) ellipsoid . 

MERTZ AND NINNIS GLACIER MAPS: PRESENTA
TION AND INTERPRETATION 

The resultant topographi c m ap of thc Mertz a nd Ninn is 
Glacier a rea (14-2.0- 148.5° E, 66.5-68.5 S) is g i\'Cn in Fig ure 
l. The map is b ased on a dig ita l te rra in model (DTI\I ) \\ith 
3 km grid spac ing. Surface el e\ 'ati ons are in me te rs abO\'C 
WGS84. Isohy pses a re drawn for 0, 10,20, ... , 140 m (in steps 
o f' 10 m) and fo r 200, +00, ... , 14-00 m (in steps of 200 m ). 

10 enha nce th e deta il s in the g lac iers and ice to ng ues, 
enl a rged, indi\ 'idual topog raphic m aps of M ertz Glac ier 
(I ..J.3.5- 1-l 6.0° E, 67.0- 68.0 S ) a nd .\Tinnis Glac ie r (1+7.0-
1+8.5 E,68.0 6H.5 S) a re gi\'en in Figures 2 a nd 3. In both 
maps, isohypscs a re drawn for 0, 10,20, ... , 140 m (in steps of 
10 Ill ), fo r 140, 160, .. . , 400m (in steps of 20 m ) a nd fo r ..J.OO, 
600, 800 m ( i n steps or 200 m ). A 20111 spac i ng is used 
betwee n 1+0 a nd +00 m to m ap th e transition be tween th e 
level of th e ice cap a nd th e level o f the ice tong ues. 

;. [ertz Gl ac ier is at UT;"I 360000 HO 000 E, 7 525 000-
7 4 ..J.0 000 S. [t s d ra i nage is a broad \ 'a lley th at is di sting u ish
a ble at the so uthe rn map boundary. The sides o rthe western 
va ll ey a re tra nsl'c ted by eros io nal realures. At its head , th e 
g lac ier is fed by a na rro\\' \ 'a lley, a pproximate ly -I· km ",ide. 
Thc di stance rro lll th e 80 m contour line at th e head to th e 
ice fi'ont is 85 km . In the easte rn a rm of]\[crtz Gl ac ie r th ere 

is a 20 m o\'e rdcc pening, centered a t ("H5 000, 751000). This 
is loca ted below the steepes t pa rt o rthe \'a ll ey wa ll s. It is not 
a n interpola ti o n error, since the contours a re rea ll y sm oo th. 

l\iertz G lac ier is about 27 km wide. The g lac ier to ng ue 
a ppea rs to exte nd about +5 km seawa rd of th e coastline 

Mertz Glacier - GEOSAT GM DATA, 1985-86 
,-----
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Fig. /. Topographic map qf ,I lert;: alld . \ IlZn is Glacier area, 
East Alltarrtica (J42.0 N8.5- E , 665- 68.5 S ). SznJace 
elez'ation ill melers abol'e r I 'GS8..J., cOlltouredfrom 3 km grids 
calculaled ji'DIn retracked alld sLope-rorrected Ceosat C.11 
da ta (J985- 86) using ordilla~y kriging u'illt a Gallssiall val'
iograll1; L 'T111 coordinates. centmL meridian J..J.7 E majJjJed 
to 500 000. 
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Merlz Glacier - GEOSAT GM DATA, 1985-86 
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Fig. 2. Topographic map qf l\;ferl;:. Glacier area, Easl Anlarc
liea (143.5- 146.0° E, 670- 68.0° S). SUljace elevation in 
melers above T VGS8';', ronloured/ram 3 km grids calculaled 
from rei racked and slo/Je-correcled Geosal GJJ dala (1985-
86) using ordinal] kriging with a Gaussiall variogram; 
UTNJ coordinates, centml meridian 1-17° E mapped 10 

500000. "Jert:::; Glacier is al UTM 360000- ';'';'0000 E, 
7525 000- 7440 000 S. 
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(see discuss ion bclovv ). The grounding line of ~ferlz G lacier 
is probably located in the \" icinity of the 40 50 m conto ur. 
The 60 m contour still ex hibits th e indentati on of the va ll ey 
tha t continues subglac ia ll y from the vall ey leading to the 
head of the glacier, whilc the 50 111 contour does not. The 
4·0 a nd 50 111 como urs show the signs of the eastern side va l
ley. At 30 m, the tongue is definit ely fl oating. 

Ninn is Gla ci er - GEO SAT GM DATA, 19 8 5-86 
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Fig. 3. Topographic map qf, Vinnis Glacier area. Easl Antarc
tica (!.f7D--148.SO E, 68.0c- 68.S S). Sll1jace elevalion in 
meters above r I "GS8';', contollred Jrom 3 km grids calculated 
from retracked and slo/Je-corrected Ceosat GM data (1985-
86) using o rdium)1 kriging wilh a Gallssian [lariogram; 
UTi\! coordinates, central meridian J..J. 7" E mapped to 
500000. Nirlllis Glacier is at UTM. 500000- 540000 E, 
7550000- 7580 000 S. This map is qf same scale as M erl;:. 
Glacier map ( Fig. 2). 
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Th e fo llowing surface slopes lVe re ca lculated a long loca l 
gradie11ls of the i\lcr tz G lacier map: 0.049°( = 8.57E-4) 
between the 30 and 0 111. conlOurs for the floating tongue; 
0.078° in th e direct ion of th e head vallcy a nd 0.143 ° fa rther 
east (= 1.36E-3 and 2.5E-3, respectively ) between the 40 
and 70 m contours on the grounded ice; 0.286 (5E-3) 
be t wee n the 80 and 140 m contours in t he head va lley. The 
westem side of the M ertz G lac ier \'a ll ey has a slope of 
0.573 °( = lE-2) between 80 and I-tO m, a nd a slope of 
0.8275°( = 1.4E-2) between 140 and 400 m; abm'e that, the 
slope inc reases with inc reas ing elevati on. T h e steepest area 
in the Oa nks of Mertz Glac ier is located southeast of the 
o\'erdeepeni ng; it is inelined 2.0045°( = 3.5E-2) on ave rage 
be tween 50 and 400 m , with a steeper section (2.0617°= 
2.6E-2) between 50 and 140 m, and a sha ll ower secti on 
(1.2412° = 2.1 6E-2) between 140 and 400 m . In this region, 
the slop e lessens above 400 m ele\·ation. 

Ninn is Glac ier IS a t UT M 500 000- 540000 E, 
7550 000 7580000 S. The glac ier tongue appears to ex tend 
about 10 15 km seaward from the coas tline ( the coastline 
being identifi ed by the steep gradient of contours ). Ninnis 
Glacier li es below a steep clifT, at 90 m above WGS84 a nd 
101Ver. The entire ex tensio n from the break in slope at the 
foot of the e1 ifT lo the 0 m. contour line is 20 km. ()Jotice tha t 
the 0 111 contour does no t co incide with sea level, because the 
reference level is the ellipso id.) Ni nni s Glacier is about 
35 km w ide. It does not rea ll y ha\'e a "tong ue" anymore (as 
opposed to 1913), as no ted by Wendler and o thers (1996). 

DISCUSSION ON ACCURACY AND RELIABILITY 

~fapping of atlas type a nd ca reful ana lysis of the spa ti a l 
structure a nd the di stribution of noise levels in RA data 
allows us to ex tend th e limits of use of a ltimeter data fo r 
mapping. Bamber (1994) produced a map of Antarctica 
(from ERS-I altimeter d a ta ) with 20 km g rids, re li able onl y 
in a reas with a slope of less than 0.65 ° according to the 
autho r. Th e drainages of NIertz Glac ier a nd the Mertz and 
Ninnis G lacier area a re considerably steeper than that. Ac
curacy depends on topographic relief, as calculated in H er z
feld and others (1993, 1994), with sub-meter acc uracy on ice 
stream s. H owever, the acc uracy of a kriged m ap in areas of 
high topographic rel ief refers to the pointwise error rather 
than to the error of the "mean" surface elevati on mapped. 
The "p oi ntwise error" is the probablc difference between a 
point on the map (es tim.ated surface eleva tion ) a nd a rada r
aiLimetry-deri\'ed surface elevation; it depends on the aver
aging process of kriging. Shape and elevati on of the surface 
at the M ertz Glacier d rainage and on the g lacier itself, how
e\"er, a re more acc urate th an inferred from the noise ca lcu
lati on, which is best conceived from inspection of the maps. 
The contour lines a re sm ooth on the resolu tion of the 3 km 
grid. Sm ooth cot1lour lines indicate a continuous or diffe r
entiable surface fu nc tion with 1011" error; little islands a nd 
edging contour lines indicate a rougher surface function 
with hig her errors. T ha t means the maps a re reli able also 
in areas of steep terra in. A n a rea with high reli ef is located 
on the western side of M ertz Glacier. Notice that the g rid 
spacing of the suba rea enla rgements is the same 3 km as [o r 
the la rge map, and tha t a wealth of informati on onl y 
becom es available in th e en largement. M ertz Glacier ton
gue appears to extend abo ut 40 km seawa rd of the coastline, 
J\"innis G lacier tongue a bo ut 20 km. 
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Neither satellite altime try nor kriging is a too l des igned 
l O track the location of an ice c liff. Because of the effect des
cribed in Thomas and others (1983) and Pa rting ton and 
others (1987) (snagging of altimeter), the location of the ice 
edge is sys tem a tica ll y wrong, differentl y so in descending 
and ascending orbits. Thomas a nd others (1983) a ttempted 
to trace th e ice edge from altimeter data, desig ning a tech
nique not used here. In the Ice D ata Record the ice edge is in 
the middle of both errors. Krig ing employs a m m'ing win
doll' ave raging procedure, which results in smoothing of 
steep edges. Consequentl y, th e exact locati on of the ice edge 
cannot be inferred from altime try, but the cliffs m ay be iden
tifi able as a sequence of dense contours. C ompa ring our 
map with the images in \Vendler and others (1996), however, 
wc note tha t the results ofkri g ing altimeter da ta a re surpri s
ingly good . On their map in fi g ure 2, ~Ie rtz Glacier tongue 
extends abo ut 80 km off the (averaged ) coastline, Ninnis 
Glac ier tong ue 20- 30 km. (Also, 1993 85 = 8 yea rs, 0.9 km 
yea r I for 1962- 93; 8 x 0.9 km = 7.2 km o r 8 x 1.2 km = 
9.6 km adva nce since 1983- 86, according to \ Vendler and 
others (1996), ass uming consta nt rate of adva nce.) 

This indicates that, while SAR images a re superior to 
altimetry-based maps for loca tion of the ice edge, changes 
in ad va nce/re treat ca n still be monitored from satellite
a ltimeter d e rived digital-terra in model s (DTM ), which 
a re a\'a il a bl e for a longer time-span (since 1978; Seasat 
miss ion ). SAR imagery shows surface features in the 
noa ting ice tongue. Th e slope a nd elevatio n of the g lac ier 
surface a rc los t in the g rey-sh aded image. Additional in
formati on o n ice nux ca n b e d eri\ 'ed from the surface ele
vati on in th e a ltimetry-based DTf-.ls, ca lculated for th e 
drainage b asins. 

Another advantage of RA data o\"(r SAR d a ta is that 
reco rds have been a\'a il able since the 1978 Seasat mi ssion. 
A maxim a l a mount of info rm a tion may be exp ec ted from 
a qua ntita ti ve combinati on o f SAR and RA da ta . 

Her;;.Jeld alld !\ lalassa: CorresjJondence 
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