MAPPING OIL SPILLS IN THE ASIAN SEAS USING SAR IMAG ERY AND GIS
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ABSTRACT : GIS can significantly contribute to correct interpretation of the signatures of slicks visible on
synthetic aperture radar (SAR) images, providing a basis for analysis. Proposed geoinformation approach
to oil spill mapping is presented. It includes integration of the geographical, remote sensing, oil & gas
infrastructure data and slick signatures, detected in SAR images, in GIS. Various information can be
retrieved from such system: GIS can predict locations of spills, link oil spills and offshore/onshore sources
and can be used to estimate the origin, humber, area and intensity of oil pollution. GIS can be compiled
from data of several sources including nautical maps, geographic databases, ground truth data and remote
sensing imagery. It has to include both geographical information about coastline, bathymetry, currents,
coastal hydrography, seepages and data about locations of oil fields, lease blocks, wells, platforms,
pipelines, terminals, harbors, ship lanes, etc. Combination of remote sensing and GIS technologies can
significantly improve managing oil spills and allows making the final products — oil spill distribution maps.
Analysis of presented oil spill distribution maps shows that main oil pollution in the Asian seas is due to
intensive fishery and shipping including oil transportation.

1. INTRODUCTION

The Asian seas during the last century have a unique environment with rapid economic development
and rapid population increase in the coastal areas and with rapid degradation of marine and coastal
environments. Many of them shared by many countries, and their environmental problems have
transboundary nature. These socio-economic causes are manifested in overexploitation of resources,
destruction of habitat during development and man-made waste dumping. Among them oil spills rank
one of the first places.

Satellite-based synthetic aperture radar (SAR) systems can acquire SAR images of the sea surface in
cloudy weather and night conditions providing wide coverage, low revisit time and high resolution, but
can be limited by wind and sea state (Bern et al., 1992). The use of SAR imagery in real-time oil spill
detection systems are related to attempts to more fully automate image processing and spill detection
procedure. Such integration systems combining hardware, software, remote sensing technologies,
geoinformation and communication subsystems improve detection and verification of spills and
provide key information for further analysis and decision making. A number of geoinformation
approaches has been developed, but none has now proceeded to commercial operation (RFT AMSA
Report, 2003).

Geographic Information Systems are now used for spill planning and response because they support
integration and preparation of geospatial information on the location, nature and sensitivities of
| different resources with rapid access.
SAR data and images Recent efforts in the development of
GIS systems applied to oil spills have
focused on collection and pre-coding of
information on coastal resources,
including their sensitivity to oil and the
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Figure 1. Geoinformation approach to
mapping oil spills with use of SAR images



A number of other GIS applications
have also been developed
worldwide; many of them have
more specific geographic coverage
and were developed independently.
For example, the Gulf of Mexico is
covered by a number of
independent information systems
(RFT AMSA Report, 2003). While
these systems continue to be
supported and developed with
increasingly sophisticated analysis
tools, linkages are now being
developed using state of the art
web-GIS technology to share
information and foster a more
universal approach (Harbaugh,
2003). For example, in Norway a
GIS and model-based ranking
system for environmental sensitivity
for use in contingency planning and
spill  response is developing
(Drolshammer, 2003).

Developments in geospatial and
remote sensing technologies have
also assisted improvements in GIS

systems for oil spill management, B oo condersats
planning and response (RFT AMSA
Report, 2003). Recent example
include the use of increasingly more
accurate and real-time satellite
information and development in

internet-based GIS systems, which  gigyre 2. Window of the GIS constructed for oil spill monitoring
better support sharing of GIS  inthe Caspian Sea. Displayed are: lease blocks, gas and oil
information among end users and pipelines, oil and gas fields, revealed and perspective

the public (Goto et al., 2003). structures (formations), pipelines and oil transportation routes.
Unfortunately wide use of a GIS for

characterization of oil spills in the marine environment is limited. The approach directed on
improvement oil spill detection in the sea with use of SAR images as a main source of information has
been developed. SAR images themselves and extracted oil spill signatures integrated into GIS
significantly improve possibilities of oil spill monitoring system. Moreover, the GIS as shown below, is
considered to be a core of the oil spill monitoring system allowing integration of all available data and
information and making the final product - oil spill distribution maps for end users and decision
makers.

2. GEOINFORMATION APPROACH

In our approach we consider GIS as a tool for improving oil spill detection, identification and
classification in SAR imagery. A number of limitations of SAR for oil spill detection have been
recognized. SAR system relies on the detection variations of the sea surface roughness. Oil films can
be detected as dark areas relative to the surrounding water as they dampen the wind-generated short
surface waves. Detectability of oil spills in SAR images depends on both the wind, sea state and oll
parameters (wind speed, spill age, oil type etc.) (Bern et al., 1992). Detection is also difficult because
SAR doesn’t measure any film characteristics and possible in a narrow range of wind conditions (Bern
et al.,, 1992). In spite of development of automatic and semi-automatic methods of SAR image
analysis, visual (manual) methods of analysis still predominates. The operational service provided
today also relies on visual methods (Brekke & Solberg, 2005).

Slick signatures on the SAR images of the sea surface can be created by a variety of phenomena.
So-called look-alikes include low wind areas, rain cells, upwelling, seepages, current shear, internal



waves, algae blooms, shoals, floating vegetation, biological surfactants. Their signatures can be
mixed with man-made oil spills produced by vessels, platforms or pipelines. Consideration, based on
the appearance of the slick (size and shape, etc.), its location relative to surrounding objects (rigs,
ships, etc.), its orientation relative to
prevailing wind and currents and its link
with other oceanic or atmospheric
phenomena, must eliminated these
phenomena from. A GIS and GIS-based
databases that include geographic
information on coastline, locations of
platforms, major ship lanes, etc., can
make an important aid to correctly
interpret the signatures of slicks and,
therefore, a GIS provides a firm
foundation for analysis. Geoinformation
approach to oil spill mapping is presented
on Fig. 1

A GIS database for the marine basins can
be compiled from data of several sources.
Vector shoreline data can be obtained
from the national geophysical data
centers or by digitizing small-scale
nautical maps. Bathymetric contours can
be also extracted from topographic
models, e.g., ETOPO, which data are
available in the web. Oil-and-gas
infrastructure including platform locations
can be extracted from regional/local
archives, atlases and corporative
databases; main shipping lanes can be
also obtained from nautical maps.
Fishing/aqua culture areas, coastal and
marine restricted, protected and
vulnerable zones are responsibility of

- - — - corresponding authorities. All datasets
Figure 3. GIS-based map showing distribution of multi-  5ng geographic information have to be
source oil spills in the waters surrounding Isl. Sakhalin compiled together and placed into a

(Sea of Okhotsk and Japan Sea). : L
generally used geographic projection
using ArcGIS software. Fig. 2 presents the window of the GIS constructed for the Caspian Sea.
In the Asian waters this approach has been used for mapping oil spills in the Caspian Sea (lvanov, et
al., 2004; Ivanov & Zatyagalova, 2008a] (Fig. 2,4), in the waters of Isl. Sakhalin (lvanov & Zatyagalova,
2008a) (Fig. 4), Yellow Sea and East China Sea (lvanov et al., 2004; Shi et al., 2008) (Fig. 5) and Gulf
of Thailand (lvanov & Zatyagalova, 2008a) (Fig. 6). As a particular case this approach can be used for
detection & characterization bottom oil seeps (Zatyagalova et al., 2007) and for monitoring activities
related to oil platform installation in the sea (Ilvanov & Zatyagalova, 2008b). From Figs. 3-6 it is clearly
seen that a set of specially collected information can significantly improve oil spill identification and
show up their spatial distribution and risk areas. Moreover such information on oil spills as their exact
locations, linear sizes, areas and links with a possible source can be easily extracted and studied.
Further obtained results can be easily transformed to web applications: recent examples include web-
based GIS for oil spill management in the North Caspian Sea
(http://maps.transparentworld.ru/en/caspian) and the multi-task GIS for the marine area around Isl.
Sakhalin, Far East Region of the Russian Federation (http:/maps.transparentworld.ru/en/sakhalin).
Results of analysis of oil distribution maps (Fig. 5-6) show that a main source of oil pollution in the sea
is intensive fishery and shipping including oil transportation, whereas oil production gives only 2-5 %.
Other sources of oil pollution in the Asian seas are oil seeps and river runoff.




Figure 4. GIS based map showing distribution oil slicks related to bottom seepage in the south-west
part of the Caspian Sea and its relation to revealed (light brown) and perspective (dark grey)
structures and formations.
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Figure 5. Oil spill distribution map for the Yellow and East China Sea overlapped with main
regional/international ship routes shown by red lines.
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Figure 6. Oil spill distribution map for the Gulf of Thailand (South China Sea) based on processing
and analysis of the ERS-1/ERS-2 and Envisat SAR images.



3. CONCLUSIONS

GIS to be an ideal solution to understand spatial/temporal distribution of oil spills in the marine
environment. The professional GIS for management of oil spills has to consist of the following layers
(Fig. 1) (Ivanov & Zatyagalova, 2008a): 1. coastline, 2. coastal hydrography (rivers & lakes), 3. coastal
settlements, harbors and ports,4. political and provincial boundaries (including territorial waters and
EEZ), 5. onshore and offshore gas & oil fields and oil production infrastructure (oil rigs, drilling
platforms, oil terminals, refineries, regional gas/oil pipelines etc.), 6. depth contours, 7. average/local
current field, 8. international and local ship lanes, 9. known seepage’s location, 10. fishing areas, 11.
marine restricted areas, 12. coastal and marine protected areas, etc.

In GIS information on exact locations, linear sizes and areas of oil spills can be easily extracted.
Spatial and temporal information, i.e. oil spill distribution at the sea and its evolution in time allow to
establish the reason and sources, and then outline risk areas. Finally there is an opportunity to use
such GIS system for oil spill management, planning and response.

GIS, as a data integration system, has to be open to collection and integration of those parameters,
which can be extracted from remote sensing data and satellite images; most important among them
are: wind field derived from the SAR images or from Quikscat data, SST and ocean color provided by
NOAA, Terra & Aqua satellites, rain rates by SSM/I and TMI microwave radiometers; results of ship
detection on SAR images.

The presented approach shows that it is feasible to compile oil spill distribution maps using the SAR
images and GIS. QOil spill maps clearly indicate those marine areas which are exposed to oil pollution.
It is expected this information to be very useful both for decision makers of pollution authorities and
experts of environmental protection agencies. Finally GIS approach can be applied to mapping of any
phenomena in the ocean such as internal waves, fronts etc., when information about location and
evolution is needed.

Finally, a wide use of oil spill monitoring systems based on GIS-approach is foreseen, because a GIS
as a core of a monitoring system can integrate in its envelope all possible and alternative recourses,
and add new functionality to previously developed monitoring system allowing assessment and
assistance, and becoming modeling and information tools in oil spill monitoring business. It is evident
there is a need to create a special GIS for Shi Lanka surrounding waters and Bay of Bengal.
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