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ABSTRACT 
During two measurement ca~npaigns in 1997 and 1998, the Danish airborne Synthedc Aperture Radar 

(SAR) system, EMISAR, mapped a total of about 16,000 km' along the Northern and Eastern rift zones in 
Iceland. Although not specifically targeted, Surtsey was i~lcluded in the mapping of the Eastern rift zone o n  
Allgust 13, 1998. The  acquired SAR data have been used to generate a Digital Elevation Model (DEM) of 
Surtsey with a spatial resolutio~l of 5 111 and a polarirnetric LBand SAR image with a resolutio~l of 5 In. The  
po1a1-imetric SAR image shows cliffel-ences in surface morphology between the geologic units on  Surbey. 

INTRODUCTION 
I11 the early 1990s, tlie utilizatioil of satellite 

radar interferometry to measure the Earth's 
topography and changes of the Earth's surface 
became a widespread technique in geophysical 
research. In topographic mapping, tlie advan- 
tages of radar iilterferometry over coiiveiitiollal 
pl~otograinmetric techniques are the rapid data 
collection, lligli vertical resolution, and tlie abil- 
ity to collect globally coiisistei~t elevatioii data. 
Surface displaceineilts call be measured with 
competitive precision, but with a inucli larger 
spatial sainpliilg density coinpared to in-sit~u 
techniques. A coinpreheiisive summary of geo- 
physical applications of radar interferolnetry 
can be fo~uiid in Massoilnet & Feigl (1998). 

The utilization of radar images in classification 
of lava units and quantitative cliaracteiizatioii of 
lava surface morphology has been discussed in 
valious papers (e.g., Dierkiilg 1999, Campbell & 
Sliepard 1996, Farr 1992, Gaddis 1992, van Zyl et 
nl. 1990). The roughness scales typically observed 
on the surface of lava flows are of magnitudes to 
which radar sensol-s operatilig at frequency bands 
between Gbaild (wavelength about 0.05 m) and 

P-band (about 0.7 m) are very sensitive. Hence, 
the intensity of the radar signal, wliich is scattered 
back from the flow surface to the radar sensoi-, is 
in many cases comparatively large. 

A major advantage of airborne or satellite 
radar systems is that large areas (such as tlie 
Northern and Eastern rift zones on Iceland) call 
be imaged in a rather short time indepeiideilt of 
light and cloud conditions. The ERS satellites 
acq~ii-e several sets of images pel- month and 
airborne systems call perform regioilal mapping 
at a much higher rate tliail aerial photography 
(2.5 km2/s for the EMISAR). 

The Northern aiid Easterii rift zoiles in 
Icelaiid were mapped with the Danish airborile 
EMISAR system in the summers of 1997 and 
1998 with a two-fold purpose. Firstly, the data 
were combiiled with radar data fi-om the 
European Remote Sensing Satellites ERS-1 and 
ERS-2 acquired between 1991 and 1997 to study 
tectoilic movements and iiiflation/deflation 
events of tlie magma chambers i11 the area. 
Secondly, polari~neti-ic SAR iinages were used to 
study aspects of the geology in tlie area utiliziilg 
the fact that tlie radar sigiiature is related to the 



morphology of the surface (Dierking & Haack 
1998). 

SAR studies of terrestrial basaltic lava flows, 
like those in the active volcanic zones of Iceland 
are also useful in terms of interpreting the radar 
signatures of basaltic lava flows on Venus for 
which the only source of data are the Magellan 
SAR images (Johnson 1991). 

Principles of SAR mapping 
The EMISAR is an airborne radar system, 

which transmits and receives radar pulses per- 
pendicular to the flight track. During operation 
the radar pulses illuminate a strip parallel to the 

flight track. The width of the strip measured by 
the EMISAR is usually about 12 krn and the alti- 
tude of the airplane during mapping is between 
7 and 13 km. In a conventional radar the spatial 
resolution parallel to the flight direction is pro- 
portional to the antenna beam width that is 
smaller for long antennas and larger for short 
antennas. Due to the limited size of an antenna 
which can be mounted on an aircraft or a satel- 
lite the antenna beam is typically several degrees 
wide. The resolution is significantly better in the 
SAR system. Due to the relatively large beam 
width of the antenna the radar receives many 
pulses from a particular position on the ground as 

figure 1. Polarimetric EMISAR image of Surtsey. HV-red, HH-green, and W-blue. The units shorn1 are described in Table 1. 


















