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ABSTRACT 
The volumetric evolution of Surtsey has been estimated on the basis of digital elevation models derived 

from NASA scanning airborne laser altimeter surveys (20 July 1998), as well as digitized 1:5,000-scale topo- 
graphic maps produced by the National Land Survey of Iceland and by Norrman. Subaerial volumes have 
been computed from co-registered digital elevation models (DEM's) from 6 July 1968, 11 July 1975, 16 July 
1993, and 20 July 1998 (scanning airborne laser altimetry), as well as true surface area (above mean sea level). 
Our analysis suggests that the subaerial volume of Surtsey has been reduced from nearly 0.100 kmJ on G July 
1968 to 0.075 km' on 20 July 1998. Linear regression analysis of the temporal evolution of Surtsey's subaerial 
volume indicates that most of its subaerial surface will be at or below mean sea-level by approximately 2100. 
This assumes a conservahve estimate of continuation of the current pace of marine erosion and mass-wasting 
on the island, including the indurated core of the conduits of the Surtur I and Surtur I1 eruptive vents. If the 
conduits are relatively resistant to marine erosion they will become sea stacks after the rest of the island has 
become a submarine shoal, and some portions of the island could survive for centuries. The 20 July 1998 scan- 
ning laser altimeter surveys f ~ ~ r t h e r  indicate rapid enlargement of erosional canyons in the northeastern por- 
tion of the partial tephra ring associated with Surtur I. Continued airborne and eventually spaceborne topo- 
graphic surveys of Surtsey are planned to refine the inter-annual change of its subaerial volume. 

INTRODUCTION AND BACKGROUND 
The topographic evolution of isolated vol- 

canic islands has been uniquely observed at 
Surtsey, classified geomorphologically as a table 
mountain (e.g., Williams et al. 1983). Aerial 
photography acquired during the volcanic con- 
structional phase of island development (15 
November 1963 through 5 June 1967) (Th6r- 
arinsson 1965, 1967, 1968) has continued on a 
near-annual basis until present, thanks to the 
efforts of the Surtsey Research Society and the 
National Land Survey of Iceland. While quali- 
tatitive assessment of the subaerial landscape 
evolution of Surtsey has been described by 
Norrman and associates (e.g. Norrman 1980, 
Calles et.al., 1982 and Norrman & Erlingsson 

1992), it has previously been difficult to estimate 
quantitatively the change in subaerial island vol- 
ume. A number of studies have estimated the 
rate of erosion by area (Th6rarinsson 1965, 
1968, Calles et al. 1982, Jakobsson et al. 1998). 
Because Surtsey represents an unprecedented 
opportunity to evaluate the volumetric evolution 
of a recently formed volcano in an isolated, 
marine setting, we have focused on measuring 
its volumetric change using newly available re- 
mote-sensing methods. Here we present the first 
high-resolution digital elevation model (DEM) 
of Surtsey acquired exclusively by means of 
NASA-based scanning airborne laser altimetry 
(SALA). The laser-altimeter-based DEM provides 
- 20 cm vertical accuracy across all of the sub- 
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Figul-c 1 .  Digital Elcvatio~l hlotlel (DEh4) o S  Srll-tbcy acclr~iretl 2O.Jul:. 1998 via sc;~nning ;ii~.l,ol.~lc laser altimetry using thc NASA ArhI  
sensor. (:olo~-s ~ - e p ~ - c s c ~ l t  clcvalion I-elalive lo  Incan sc;i le\.cl. Sli;~tling is I,asc~tl Lipon local t o p o g r ; ~ l ~ l ~ i c  glxtlie~lt coml~l~ lc t l  li-onl the DLh4. 
T h c  spatial ~.rsolution ol' lllis im;~gr  is 3 m, ~vhile  tlrc vc~.ticnl ac-c11racy is - 'LO cm Rh4S. Colors m n g r  [I-om nC;w srn-level ( I ~ L I c )  to - 150 
m (~.ecl). C ~ I - n c l -  coor t l i~~a tcs  nl-c ;IS in Jnkol~sson (I!)!)$). Nortll is u p  in this i ~ n ; ~ g e .  Mean sca level col-respontls to ;In cllipsoiclal ele\.;r- 
lion of 66 nl. 














