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Two RADARSAT SAR images with different modes were acquired by Canadian Space Agency to test the
effectiveness of geological lineament extraction and spring water detection over the Cheju Island. Geological
lineaments are poorly developed this basalt dominant volcanic island, but more linear features can be extracted
when SAR and TM images are simultaneously analyzed than when TM image alone is used. This results mainly
owe to the facts that RADARSAT SAR systems are able to provide data with different frequencies, azimuth, and
incidence angles. Distribution of spring water along coast is poorly correlated with geological lineaments or
drainage pattern, but those in middle range of mountain region are developed along geological lineaments.
Detection of spring water using remotely sensed images are turned out to be very difficult to achieve. Radial
shaped sea surface temperature anomaly derived from TM thermal band should be the best candidate for spring
water, but the resolution is not high enough. We also investigate the normalized radar cross section (or sigma
naught) converted from RADARSAT and ERS-1 SAR data but to fail to discriminate the spring water effectively
except where relatively large water mass is observed on land side. Speckle noise and irregularity in physical sea
surface condition are the serious obstacles for this application.

ERS-1 SAR image acquired in low incidence angle was more useful for geological lineament estimation
and water body study than RADARSAT SAR images with high incidence angles. Therefore the selection of
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incidence angle is critical in geological and spring water applications of SAR images, and low incidence angles

less than about 30° are recommended to monitor the Cheju volcanic island.

g

AFE NG A7z 2 £HATE A3 RADARSAT SARY &4 34 HE w7t
Canadain Space Agency? =802 dojz 227 t}E HEF 7t SAR AR E o8-8l 3
th AFEs 9ol $AF o s NAEH Arxe] wdo] v moksht, & ArAdF /)
Foll Landat TM the o) &3le] dojzl HyxHT B2 N7xE 2T & At ol 53] ™™
3 e BEweks YAZHS zZHE RADARSAT SAR GARIEE 84 ALL3o2A, B opars
4}1&34 a&réﬁéﬁﬂ 4% 4 e BHE T T 5 dE ALE Ag"ET E AGdA At
I A3Z FL pANe 32 A fE AR AR, FAE Ao W
Apzeh ddso gt A8 ALRET SAR B FUAYA AEE ol T
Hobe 3 APAFE YR YE AR deyrh o|F Y8 dAgH BZARE
o PEEXS #5F SAR ARENE Htsd doltdus ol&d FAlo] AAHIA
th o] SR AFEY 2k ORIV MR usius Ae 7P £319 A9 A8

2 Hu Sdest F8eHA Xah, SARS 4 s del el sk speckle &9 FF

AT dqtre AFAst desA] ge A4E Addie &3 JAg gt
a#Hol] R AL et

T SAR At# 9 speckle B FAEA S Az wig ®IZHate), 58] 22 YAz}

g
i
o
o
2
o
r{o Hﬂ

g
rok
il

€ b= ERS-19] A97h vind & YAHE HE RADARSAT SAR FAAET W& speckle FH&H]
o 724 53& & wdadnh wekM FF AFE A Ao thE RADARSAT SAR 94 85&
ABAE oF 30°0)3ke] W At zhe REE ojdsle Aol vt ¥ Jlow dddn

1. Introduction

1) RADARSAT SAR

Canada’s RADARSAT is a civilian Earth observation satellite equipped with C-band HH-
polarization synthetic aperture radar (SAR) system. SAR has been proven to be an effective
remote sensing instrument because of 1) day/night and weather-independent imaging
capabilities; 2) high resolution regardless of antenna altitude; 3) signal data characteristics unique
to the microwave region of the EM spectrum. The RADARSAT SAR is the only one civilian SAR
system capable of offering a wide range of selectable imaging modes with different swath widths,

resolutions, and incidence angles among current satellite-borne SAR systems. This flexibility in the

-326-



RADARSAT SAR Investigations of Lineament and Spring Water in Cheju sland

RADARSAT SAR operations has improved the potential range of SAR applications in Earth
sciences.

Although the radar imaging techniques have been dramatically developed in the last
decades, the application techniques of SAR are fairly primitive stage because of relatively short
history of development compared with optical remote sensing. The application of SAR has been
focused on military purpose owing to the ability of night coverage since early 1950’s. The first
civilian application of SAR was a geological survey over Panama(MacDonald, 1969). Since then,
the SAR images have been utilized to extract geological lineaments, for instances Elachi(1980),
Harris(1984), Lowman et. al(1987). Harris(1984) showed that more geological lineaments could be
detected in the Seasat SAR image than in the Landsat MSS image. Lowman(1987), however,
pointed out the radar look-direction bias should be taken into account when one does geological
lineament studies using a SAR image. To reduce the radar look-direction bias, Lowman(1987)
suggested to use more than two SAR data sets acquired in different look directions. In geological
application of the RADARSAT SAR, the selection of incidence angle in addition to look direction
is reported to be critical (Singhroy, 1997). Another important characteristic of SAR is that the radar
cross section is sensitive to the moisture contents in soil, which encourages the potential
applications of SAR data to hydrogeology including water resource management (Martin, 1998),
flooding, river discharge (Hockey, 1998), and so on.

In this study, we will focus on two topics: 1) the effectiveness of geological lineament studies
using RADARSAT SAR images in comparison with ERS-1 SAR and Landsat TM images over the
Cheju Island; and ii) the feasibility study of RADARSAT SAR in detection of spring water in the
coastal region of the Cheju Island. It is already well known that the SAR is very useful to delineate
geological lineaments in the rugged area where the geological lineaments are expressed in
topographic relief. However, geological lineament studies in the volcanic area like the Cheju
Island are not popular. Therefore, we will investigate the effectiveness of the RADARSAT SAR
image to study the geological lineaments in the study area. The boundary of fresh water and sea
water mixing process is also reported to be observable in a SAR image at the estuary of a large
river system. The mechanism of the detection is based upon the difference in surface roughness of
fresh water discharged from a river and the sea water controlled by waves. The target we are
focusing here is the boundary between sea water and spring water which is much smaller scale
than a river system. Therefore, we will estimate the sigma naught from ERS-1 SAR image (the
resolution of 25m) and the fine beam mode RADARSAT SAR image (the resolution of 8m with
3.125m pixel size) which is the best resolution provided by current satellite SAR system. Using the
sigma naught obtained from the SAR images, we will discuss the potential and problems for the
natural spring detection using SAR in the future.
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2) Regional Characteristics

The Cheju Island is a volcanic island formed by a series of more than twenty volcanic
eruptions from late Tertiary to early Quaternarly. The most recent volcanic activities were also
reported in 1002 A.D. and 1007 A.D. The general shape of the island is elliptic and about three
hundred and sixty parasitic cones are developed roughly along the ENE-WSW directional axis of
the island. The Cheju Island is composed mainly of olivine basalt with small amount of trachyte,
trachyandesite, tuff and pyrocistics, and sediments. Cheju Island has 44% high groundwater
recharge ratio because of porous lava-flow with good permeability so that its large-scale stream
network is relatively poor. Linear features associated with geological structures in the Cheju Island
are poorly developed, although the elongated shape of the island, gravity and magnetic anomaly in
the northeastern region suggest the possible faults or fracture zones(Kwon and Lee, 1997).
Consequently, the relationship between geologic linear features and groundwater is not clearly
defined. Only a few studies using remotely sensed data to evaluate the geological lineaments over
the Cheju Island have been carried out, for instance Korea Water Resource Cooperation(1993). This
study is the first to use SAR images for geological applications in this area.

Water resource in the Cheju Island largely depends on groundwater developed around
coastal area. Groundwater filling effective porosity of rocks or layers is controlled by geological
conditions, characteristics of natural resources and yielding conditions. Spring water in the Cheju
island developed in volcanic terrain has been regarded as important drinking water resources for
a long times. There are 403 spring waters in the Cheju island to yield 1,110,000m3 per day. Spring
water is divided into upper and lower(coastal) according to its location. It is difficult to find out
location of spring water using ships owing to mixing of spring and sea water.

In this research, we will focus on applications of remote sensing techniques specifically for
the studies of geological lineaments and spring water sites using SAR and optic sensor data.
Although few studies using Landsat TM or Landsat MSS have been conducted previously to
investigate the geological characteristics over the Cheju Island, SAR data has never been utilized
in this region. Since SAR antenna uses microwave instead of visible or infra-red spectra, the SAR

data could compensate for the optic data.

2. Methodology and Data

The RADARSAT SAR data sets used in this research were provided by Canadian Space
Agency as a part of ADRO program (ADRO #338). Two sets of RADARSAT SAR data were
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acquired over the study area by one set of standard 5 beam mode and the other of fine 2 beam
mode. One ERS-1 SAR data was also acquired in the southwest part of the island. Although the
ERS-1 SAR data used in this study was obtained mainly not for the geological analysis but for sea
surface wave pattern, it was also found to be useful for this study. The characteristics of the SAR
data sets used in this study are summarized as in Table 1. In addition to three SAR data sets, two
Landsat TM data were also utilized for comparison. The TM data are mainly used to estimate sea
surface water temperature in coastal area.

The approaches we have adopted include: i) geological lineament analysis using SAR and
TM data; i) evaluating sigma naught from SAR data to detect fresh water input in coastal area; and

iif) estimating sea surface water temperature from TM data. Details of each method are as follows.

1) Geological Lineament Analysis

Geological lineaments are important to infer the structural features in regional geology, and
it also serves as main passageways of groundwater. Geologists identify structures and landforms
from variations in topography and textural patterns in remotely sensed images. Drainage pattern
is also valuable clue to delineate geological lineaments because drainage system is often
developed along structural weak lines. Geological lineaments can effectively be estimated by
applying an automatic lineament extraction algorithm, for instance Won et. al(1998a), if relief
variations are prominent. The topographic patterns in this volcanic island, however, are smooth
lack of distinctive lineaments associated with faults or fracture zones. Drainage system in this
island is poorly developed due to high permeability of volcanic rocks. Thus we did estimate
lineaments via visual investigation of SAR images rather than automatic lineament extraction
approaches. We have also referred to Korea Water Resources Corporation’s(1993) results obtained
by analyzing a TM image.

Surface roughness is an another important factor governing the radar backscattering. In
volcanic area, surface materials and rock types are often identified by their surface roughness
characteristics. Therefore, we also take some distinctive features affecting surface roughness
including the distribution of parasitic cones, lithologic boundaries, and types of vegetation cover
into account when we discriminate geological lineaments.

For geological applications of RADARSAT images, the selection of incidence angle as well as
appropriate resolution is critical (Singhroy, 1997). Singhroy(1997) suggested that higher incidence
angles ranging from 40 to 60 degrees are suitable in mountainous terrains, while lower incidence
angles ranging from 25 to 45 degrees are recommended in flat or prairies. The fine 3 and standard

7 beam mode used in this study were acquired with a central incidence angle of 42.5 and 47.0
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Table 1. Summary of SAR data sets used in this study.

Satell Acquisition  Orbit Mode / Band/  Incidence Angle(deg.) No. Pixel Resol-
atellite date  Look Directon Polizaton (beam mode) of looks size ution
1996.8. 15, °nding/ o WHH  42.5(fine 3) ! 3125m  8m

starboard

RADARSAT G

1996.8.8,  Ascending/ o WHH  47.0(standard 7) 3 8m  25m

starboard
ERS-1 1994.10.11, decending’ - dvy 230 4 125m  30m

starboard

degrees respectively as shown in Table 1. The geomorphology of the Cheju Island is characterized
as gentle slope with rare topographic breaks. In this case, lower incidence angles are better off and

the data we are using may not be the optimal viewing geometry.

2) Sea Surface Temperature

Sea surface temperature from thermal infra-red observation is already well established and a
commonly used technique for water body studies in coastal and open ocean. If the spring water
discharging to coastal sea is large enough, the temperature boundary between fresh water and sea
water can possibly be discriminated from a remotely sensed image.

In this study, we estimated sea surface temperature from two sets of Landsat TM band 6:
one winter scene and the other summer scene. Although the temperature difference between
spring water and sea water is not as big as that in discharging system of a power plant, spring
water should be discernible if the amount of input is large enough. The Landsat TM data were
received and pre-processed by RESTEC, and consequently we applied the conversion equation
suggested by RESTEC. The radiance (R) of the thermal band can be estimated by

R= ‘EDSISL(RmM_Rmin)'*'Rmin ............................................................................................. (0

where Rpin =0.1534, Ry = 1.896

The estimated radiance in Eq.(1) is then divided by the thermal band width 2.1{(um). Once the
radiance is estimated, the absolute temperature (T) is to be obtained by the following Eq.(2)

R=5.1202 X 10-5 T2 17651 X 10-2 T4 16023 rvrerrremrsrereseeresrmremmsssesaressssermsssmsessessssncees )
More accurate results can be achieved when an appropriate atmospheric correction is

applied. The thermal band, however, is less sensitive to atmospheric conditions than visible or
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near infra-red bands. The atmospheric effect to the Landsat TM band 6 data is known to be
negligible under favorable weather conditions (Bartolucci et. al, 1988). Since our data were
apparently acquired in one of the finest days, we did not conduct atmospheric correction.

The Earth thermal radiation is also detectable in microwave spectrum region, although the
signal of microwave temperature is very weak compared with thermal infra red region.
Microwave radiometer is recently getting popular for low resolution sea surface temperature
observation. The sea surface temperature is theoretically recoverable from SAR data with high
resolution. Sigma naught of SAR is correlated with wind speed, friction velocity, wave height and
slope. However, air-sea interaction seems more critical factor on radar imaging over ocean surface
than sea surface temperature (Kozai, 1998; personal communication). Consequently, it is possible
to estimate sea surface temperature from SAR data only if precise information on air temperature
and wind speed as well as an accurate wind vector retrieval model are given. RADARSAT
Narrow ScanSAR mode may be favorable candidate for the purpose, but a precise model for the
mode is yet to be developed and verified. This application was not included in this study, but it

should be worth while to try in the future.

3) Normalized Radar Cross Section (090)

Radar backscattering in ocean can be modelled by Bragg’s scaitering of small-scale surface
topography, short gravity and capillary waves, and tilting by long waves or swell effect (Elachi,
1980). Mixing process of fresh water and sea water is sometimes observable in a SAR image due to
the difference in surface roughnesses and salinities of the two water body.

Such subtle changes in radar backscattering can possibly be detected by normalized radar
cross section (NRCS or sigma naught). The sigma naught defined by the ratio of incidence power
to the backscattered power in normal direction to the horizontal surface. One can estimate sigma
naught from SAR image if precise antenna-scatterer geometry is known. The relationship between

sigma naught and SAR image is generally given by

gloc DN2 ﬂl— POWEFLOSS ..ot sass st r e 3
sin

where [, I, are respectively the incidence angle of a target and the reference, and “PowerlLoss™ is
the analogue to digital convertor(ADC) power loss. To estimate the incidence angles, auxiliary
information on the radius of the Earth and altitude of satellite are also required. We have
estimated the sigma naught from RADARSAT and ERS-1 SAR image data through the processing
based respectively upon the guidelines of RADARSAT calibration and ERS SAR calibration as

summarized in Figure 1. One have to estimate beta naught which is radar brightness in the
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direction of incidence beam first, and then convert it into sigma naught using radar incidence
angle in the image swath. “A2" and “A3" in the flowchart in Figure 1. are a scaling gain value and
fixed offset, respectively, and they are recorded in the header file.

DN,

L A3 (fixed offset) & A2 (scaling gain)

Linear interpolation to setimate A2;
from scaling gain LUT

I Beta Naught /J’,('): 10 x )ogm(e%ﬁ) .
-/

l

r Estimate r(earth radius) & h(satellite altitude)

[ dR(ground range increment) = pixel spacing ]
Estimate RS(slant range) from
SGRG coefficient & dR,

. h2-(RS:242rh
Incidenc le:fj=cos! | 1 77
l ncidence angle : /;=cos ! | ARS)r ]

[ Elevation angle : 0; = sin-1 [ sin(/;) X ,‘_Cﬁ] J

[ sigma naught : J? = A(,-) +10 X log o(sin/)) ]

Fig. 1. The block diagram for derivation of sigma naught from RADARSAT SAR image.
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The estimate of sigma naught is used to evaluate the coastal water body characteristics
around spring water sites. If the discharge of fresh water from land is large enough with respect to
radar resolution, discrimination of fresh water input from sea water may be possible in a certain
coastal region. The relative soil moisture contents may be another clue to detect spring water sites

and also can be evaluated qualitatively from sigma naught.

3. Results and Discussions

1) Geologic Features and Lineaments

The standard beam mode image of RADARSAT SAR is shown in the Figure 2. Although
lithologic boundaries in the SAR image are not as clear as in a TM image, linear features and
cinder cones are extremely well imaged by RADARSAT SAR. Vegetation cover as well as
geomorphologic characteristics is found to be important factor affecting on the radar
backscattering in this area. The boundary between low and high radar brightness in northern

parts is a combined effect of changes in topographic slope and vegetation cover, and it coincides

Fig. 2. RADARSAT SAR standard beam 7 image acquired for this study overlaid with the estimated geologic
lineaments: the solid lines are the lineament estimated in this study; and the dashed lines from the
result of Korea Water Resources Cooperation(1993).
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with lithologic boundary. Some typical trachyte or trachyandesite bodies can also be
discriminated in the SAR image due to distinctive geomorphological features, for instance
Sambangsan trachyte. The speckle noise, however, is serious in this volcanic island than in other
sites in the main land. It can be explained by geology, soil, and vegetation: the surface of basaltic
flows which is most abundant in this island causes speckle than other rocks; the soil profile is also
not fully developed duc to relatively young age of the island, and the grain size of soil is irregular;
the short shrubs are typical in this area, and consequently backscattering from on top of trees and
from surface of soil are randomly mixed. The speckle noise in the RADARSAT fine beam mode

image is too serious to discriminate certain geologic features or types of land cover as in Figure 3.

Fig. 3. RADARSAT SAR fine beam 3 image acquired for this study: speckle noise is very
serious specifically over relatively flat basaltic layer.
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The RADARSAT fine beam mode is generally considered as one of most useful beam mode for
investigating features on land surface (Luscombe et. al, 1997). However, we suggest that the
RADARSAT standard beam mode is more favorable than the fine beam mode in this region.

The radar backscattering generally depends on target parameters including local slope,
surface roughness, and dielectric constant(or moisture content) as well as system parameters such
as frequency, polarization, and viewing angles. In relatively flat region such as coastal area in this
island, the surface roughness and lithologic components are important factors. To discriminate
lithologic boundaries or types of land cover in this coastal region, the radar observation with high
local incidence angle may be preferred as Singhroy(1997) pointed out. The high incidence angle in
this area, however, causes more speckle noise. This effect is clearly seen in the fine beam mode
image as shown in Figure 3. The speckle noise in the fine beam mode gradually increases from the
topographic high in central parts of the island to the relatively flat coastal area. The incidence
angles of the RADARSAT SAR data used in this study are relatively high with 47° for standard 7
beam mode and 42.5° for fine 3 beam mode as listed in Table 1, while that of ERS-1 is a fixed angle
of 23.0°. The linear features and drainage pattern are better detectable in the ERS-1 SAR image
than in the RADARSAT SAR images used in this study. In short, we conclude that low incidence
angles, for instance Standard 1 or 2 beam mode of RADARSAT SAR, could be more effective to
monitor geological features of Cheju Island.

The estimated geological lineaments from RADARSAT SAR, ERS-1 SAR, and Landsat TM
images are shown solid lines in Figure 2. The points marked by blue square in Figure 2. are the
location of spring water sites. To reduce bias, all possible lincaments were first obtained by two
specialists independently. And then we selected only common lineaments in Figure 2. out of two
results. The N-S trending drainage system are typically in RADARSAT SAR and TM images as
seen in Figure 2 and Figure 4 (a). N20° E-trending drainage systems are also well observed in ERS-
1 SAR image as shown in Figure 4 (b). These effects must arise from look-direction bias. Antenna
look direction is very important in geologic application of SAR. Linear feature within 20 normal
to azimuth is much less distinguishable, while lineament parallel to azimuth is remarkably
enhanced (Lowman, 1987). Therefore, at least two looks are recommended in geologic study using
SAR. In our case, the ERS-1 SAR image was used as an auxiliary image for lineament study. Two
RADARSAT SAR images were acquired by ascending orbit with starboard look direction, while
ERS-1 was acquired by descending orbit with starboard look. Therefore the orbit is crossing and
the look directions are opposite each other. Unfortunately, the ERS-1 image used here only covers
southern parts of the island. Although basalt is impervious, well developed joint and fracture
system allows the basaltic layer to have relatively high permeability. Owing to high permeability

layers with gentle topographic slope, a coarse parallel drainage pattern is typically developed. The
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(a)

(b)

Fig. 4. (a) RADARSAT SAR image and (b) ERS-1 SAR image in the southwest parts of the island: rendition
of drainage pattern and trachytic rock bodies in two images are quite different due to opposite look-
direction and different incidence angles.

drainage system in the Cheju Island, however, has very low correlation with geologic lineament
or spring water site as shown in Figure 2.

Trachyte or trachyandesite composed of more SiO; content than basaltic rocks generally
forms domal structure in this island (Lee, 1985). These domal structures are well observed in both
RADARSAT and ERS-1 SAR images. The topographic and geologic expression of such domal
structures and parasitic cones are quite different in two images because opposite look direction
and different incidence angles produces different degree of foreshorting and layover effect.

Figure 5. is produced by applying IHS transform to SAR and Landsat TM data. The intensity
of TM 1HS image is replaced by RADARSAT standard beam mode SAR to obtain the intensity

stretched imaged in Figure 5. Through this image merging technique, we can enhance both

-336-



RADARSAT SAR Investigations of Lineament and Spring Water in Cheju lsland

2 2

Fig. 5. Color composite image obtained by applying a data fusion technigue through IHS transform to TM and
RADARSAT SAR image.

lithologic and topographic features. For instance, the radial distribution of basaltic lava flow in the
eastern region can clearly traceable. The rendition of land cover and topographic expression are
also enhanced in the merged image. This merged image was also utilized to estimated geologic
lineaments finalized in Figure 2.

Spring water sites are almost evenly distributed along coastal line as shown in Figure 2, and
thus any systematic relationship between geologic lincament and spring water site is hardly
depicted. However, spring water sites developed in middle to high altitude are closely matched
with the estimated lineament (Figure 2). The N-S trending geologic lineament in northeastern part
suggested by Kwon and Lee(1997) based upon gravity and magnetic anomaly is also detected in
this study. In summary, geologic lincaments in Cheju Island are poorly developed and only few
typical lineaments are detected in remotely sensed images. When we estimate geologic lineament
using SAR in addition to TM image, we can detect more lincaments. Those estimated geologic
lineaments do not show any systematic relationship with spring water sites in coastal area or
drainage pattern in overall. However, spring water in the middle range of Halla Mountain is

developed along a possible geologic lincament.
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2) Sea Surface Temperature

The sea surface temperature estimated from a TM summer scene acquired on August 3,
1988, ranges from 22°C to 28°C as shown in Figure 6. This range of the estimated sea surface
temperature coincides with the in-situ observation(22°C to 26°C) at near shore in August of 1987
by Choi et. al(1989). We are specifically interested in regions with low temperature anomalies near
shore line. In Figure 6. there exist two low temperature region: one in southwest and the other in
northeast area. The most conspicious low temperature anomaly in southwest region with a range
of 22°C to 23°C in Figure 6. corresponds to the Ilkwa-ri. A weak and elongated anomaly is also
observed around Youngsoo-ri in the west part of the island. In the northen coast, a low
temperature anomaly are located near to Konae-ri. Some other small scaled low temperature
anomalies are also scattered at Samyang-ri, Shinheung-ri, Dongbuk-ri, and Youngdam-ri. The
estimated anomalies are generally matched with the results reported by Choi et. al’s (1989). In this
study, we, however, are focused on pin-pointing scattered small but distinctive anomalies with
typically radial distribution.

Due to mixing of various warm and cold currents, the general aspect of water temperature

distribution around Cheju Island is complicated (Choi et. al, 1989). Therefore the low temperature

E126° 1y E126°2(y E126° 3y E126° 40 E126° 50
i | J |

N33° 30"

N33° 20"

N33° 10"

7 0 7 14 1988. 8. 3.

Kilometers

Fig. 6. Sea surface temperature estimated from Landsat TM image.
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anomaly, specially large ones, may not always be formed by spring water. However, a number of
low temperature anomalies match extremely well with the locations of spring water sites in Figure
2. Specially, some small anomalies with a typical shape of radial distribution near coast line

accounts certainly for spring water with every respects.

3) Sigma Naught along Coastal Region

We have estimated sigma naught from RADARSAT SAR standard beam mode image and
ERS-1 SAR image over a selected region. We selected the sub-region as in Figure 7. based upon
sea surface temperature anomalies in the previous section. Kozai(1998) recently attempted to

derive sea surface temperature from RADARSAT ScanSAR data. The sigma naught, however,

Fig. 7. Sigma naught images of (a) RADARSAT SAR standard beam mode and (b) ERS-1 SAR data.
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depends more or less on physical sea surface condition such as wave height and slope, internal
waves, wind speed, and friction velocity. The frontal locations where the maximum sea surface
temperature, and gradients of salinity and density are reported to coincide with the maximum
sigma naught gradient (Kozai, 1998; personal communication). Therefore, physical sea surface
condition should be calm to maximize the effect of sea surface temperature. The phenomenon we
are seeking for here is the difference in physical condition and temperature of two water bodies:
discharged spring water and sea water. The scale of discharged water is very small compared
with wave fronts. Thus high resolution is mandatory to be successful. Although we can find out
internal waves, the speckle noise in the RADARSAT fine beam mode image acquired for this
study as in Figure 3. is too serious to observe small features.

Figure 7 (a) and (b) are the sigma naught images of RADARSAT standard beam mode and
ERS-1 SAR, respectively. The sigma naught derived from RADARSAT SAR data in Figure (a)
shows high values along coast. The potential boundary of fresh water and sea water could not be
defined in this sigma naught image. Only water reservoir on land can be detected as low sigma
naught. ERS-1 SAR, principally designed for oceanographic study, seems to be the best among
three data sets to observe such delicate changes in water body. The wind speed at the moment of
ERS-1 SAR observation was retrieved from SAR image itself to be about 11 m/sec (Won et. al,
1998b). Under such strong wind condition, the sea state was unfortunately very rough. Even in
such unfavorable sea surface condition, some unusual features are observed in the area "A” and
"B". While features in “B” may be the result of wind front, the low sigma naught in area "A"
could possibly be related to the fresh water discharge. Evidence is nevertheless inconclusive
because the resolution of the ERS-1 SAR is simply not high enough especially under such rough
sea state. RADARSAT fine beam mode should be the best candidate for this application. Speckle
noise as shown in Figure 3. is a serious obstacle. Effective speckle reduction without trading-off

resolution, for instance Won et. al(1997), will play an important role.

4. Conclusions

RADARSAT SAR images were acquired to evaluate the effectiveness for geological
lineament study and spring water detection over the Cheju Island. Utilizing the RADARSAT SAR
images with optic data in the analysis, we did successfully detect more geological lineaments than
when TM image alone was used. Although the geological lineaments in the Cheju Island are
poorly developed, certain linear features in SAR and TM images can be defined as geological

lineaments. The estimated geological lineaments, however, are hardly correlated with location of
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spring water sites or drainage pattern except springs developed middle range of the Halla
Mountain. Landsat TM thermal band could be useful to detect location of spring water discharge
near coast if the sea surface condition is favorable. We failed to delineate the boundary between
fresh water and sea water using estimated sigma naught from SAR images. For this application,
high resolution SAR data with much reduced speckle should be required.

ERS-1 SAR image was very useful for geological lineament estimation and water body study
using sigma naught. Meanwhile speckle noise is serious in RADARSAT SAR images observed
with standard 7 beam mode and fine 3 beam mode over the Cheju Island. Therefore it is apparent
that the selection of incidence angle is critical in geological and spring water applications of SAR
images, and low incidence angles less than about 30”are recommended to monitor the Cheju

volcanic island.
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