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1 ABSTRACT

Natural Disasters occur frequently around the wafd their incidence and intensity seem to beeasing

in recent years. The Disasters such as cyclonedlaodis often cause significant loss of life, lagpale
economic and social impacts, and environmental damgor example, Cyclone Gonu was the strongest
tropical cyclone on record in the Arabian Sea, #ed for the strongest tropical cyclone on recardhe
northern Indian Ocean and was the strongest nagwone in this basin. On June 5 2007 it made ldhdfa

the eastern-most tip of Oman with winds of 150 krf8B@ mph). Gonu dropped heavy rainfall near the
eastern coastline, reaching up to 610 mm (24 in¢chdsch caused flooding and heavy damage. Theoogcl
caused about $4 billion in damage and nearly 5@hdeia Oman, where the cyclone was considered the
nation's worst natural disaster. Nowadays, we lagess to data and techniques provided by remoginge
and GIS that have proven their usefulness in disasianagement plan. Remote Sensing can assists in
damage assessment monitoring, providing a quawétbase for relief operations. After that, it da used

to map the new situation and update the databaed tm the reconstruction of an area. Disaster
management plan consists of two phases that tdkes pefore disaster occurs, disaster preventiah an
disaster preparedness, a three phases that hapftenghe occurrence of a disaster i.e. disastisfre
rehabilitation and reconstruction. In the disasedabilitation phase GIS is used to organize theadge
information and the post-disaster census informamd in the evaluation of sites for reconstructia this
study, two IKONOS satellite images of Muscat, Orhane been utilized; one image before the cyclomke an
one after. The two images have been geometricaliyected. Change detection has been applied taifigen
and assess the damages. The results of this styalyasize the importance of using remote sensing=48d

in damage assessment phase as part of effectisstBidManagement Plan.

2 INTRODUCTION

Cyclone Gonu, (also known as Super Cyclonic Stownu} was the strongest tropical cyclone on record i
the Arabian Sea, and tied for the strongest trogigelone on record in the northern Indian Oceath was

the strongest named cyclone in this basin (J.T.W2@07). The second named tropical cyclone of (@72
North Indian Ocean cyclone season, Gonu developmd & persistent area of convection in the eastern
Arabian Sea on June 1. With a favorable upper-lemeironment and warm sea surface temperatures, it
rapidly intensified to attain peak winds of 240 km{150 mph) on June 3, according to the India
Meteorological Department. Gonu weakened after emesing dry air and cooler waters, and late oreJun

it made landfall on the eastern-most tip of Omathwiinds of 150 km/h (90 mph), becoming the strahge
tropical cyclone to hit the Arabian Peninsulahin turned northward into the Gulf of Oman, andigeted
after moving ashore along southern Iran on Junaténse cyclones like Gonu have been extremely rare
over the Arabian Sea, as most storms in this aed to be small and dissipate quickly (NASA, 2007).
About seven hours before passing near the nortir@a®man coastline, Cyclone Gonu began affectieg th
country with rough winds and heavy precipitatioraitlya et al, 2007) with rainfall totals reachindd@hm

(24 in) near the coast (Daily News, 2007), figure (vhich caused flooding and heavy damage.
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Fig. 1: Map showing rainfall totals around the GafifOman between May 31 and June 7, 2007. Therezs ahow where rainfall
exceeded 200 mm (8 inches)

The name Gonu was contributed by the Maldives, ingabbag made from palm leaves' in Dhivehi, the
Maldivian language. Officials recommended citizém®vacuate from potentially affected areas, aralib
7,000 people were forced to leave Masirah Islarel tduthe threat of high surf and strong winds (Beyt
2007). Overall, more than 20,000 people evacuatedniergency shelters (A.P., 2007). A state of eararg
was declared for the nation (Reuters, 2007). Thieoma weather service in Oman warned that theangl
was expected to be worse than the destructive rgolchich hit Masirah Island in 1977 (Agencies, 2007
The Mina al Fahal oil terminal closed for over #hdays due to the threat of the storm (Noueihe@70
Omani officials closed government offices for twayd, and declared a 5-day long national holidaytdue
the threat of the cyclone. Most businesses nearctfastline were closed prior to the announcement.
Authorities at the Seeb International Airport deldyall flights after 2000 UTC on June 5 due to the
cyclone(Vaidya, 2007).

Gonu produced strong waves along much of the ¢oagtVaidya et al, 2007), leaving many coastal soad
flooded (Al-Nahdy, 2007). Strong winds knocked patver and telephone lines across the eastern reflion
the country, leaving thousands isolated until tmed were repaired hours later. The cyclone caused
extensive damage along the coastline, includinthencity of Sur and the village of Ras al Haddha t
easternmost point of the Omani mainland (Vaidyd@720In Muscat, winds reached 100 km/h (62 mph),
leaving the capital city without power. Strong wavand heavy rainfall flooded streets and some imgjid

In effort to prevent electrocutions, police workessnt text messages to residents which recommended
residents away from certain streets. Little damage reported to the oil fields of the nation (A.Z0Q7) .

The liquefied natural gas terminal in Sur, whicmdiias 10 million tonnes of gas each year, was baitllyy

the storm and could not be operated. AccordingnégoQman News Agency, the cyclone killed 49 peaple i
the country, with an additional 27 reported misdiygfour days after it struck the country. The dgmin

the country was estimated at around $4 billion 208D), ranking it as the worst natural disasteremord

in Oman.

3 AREA OF STUDY

Oman is located in the southeastern quarter ofAtabian Peninsula and, covers a total land area of
approximately 300,000 square kilometers. MuscHtescapital and largest city of Oman; it is alse seat of
government and the centre of Commercial activitie®man. The city gave its name to the countrylunti
1970, which was called Muscat and Oman. Muscaidatéd in northeast Oman, at 24N®7°00E / 24°N
57°E / 24; 57. The Tropic of Cancer passes southeérea. It is bordered to its west by the plainthe Al
Batinah Region and to its east by Ash ShargiyahidRed he interior plains of the Ad Dakhiliyah Regio
border Muscat to the south, while the Sea of Oroamg the northern and western periphery of the Titye
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water along to coast of Muscat runs deep, formimg batural harbours, in Muttrah and Muscat. The
Western Al Hajar Mountains run through the northeoastline of the city. The city is situated onave
surrounded by volcanic mountains, and it is corggedty road to the west and the south. The Al Sultan
Qaboos Street forms the main artery of Muscat, ingwwest-to-east through the city. The street ayaliyt
becomes Al Nahdah Street near Al Wattayah. Sewetail-city roads such as Nizwa Road and Al Amrat
Road intersect with Al Sultan Qaboos Road (in Rusal Ruwi, respectively).

The metropolitan area spans approximately 1500aad?includes six wilayats; Muttrah, Bawshar, Sedb,
Amrat, Muscat and Qurayyat (figure 2). Accordingttte 2003 census conducted by the Oman Ministry of
National Economy, the population of Muscat is 633,0M.N.E, 2003) Muscat formed the second largest
governorate in the country, after Al Batinah, aadmg for 27% of the total population of Oman. Al o
2009, the population of the Muscat metropolitaraamas 855,507 (World Gazeteer, 2009).The population
density of the city was 162.
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Fig. 2: Area of study (Al-Awadhi, 2009)

Since the ascension of Qaboos bin Said as Sulta@mén in 1970, Muscat has experienced rapid
infrastructural development that has led to theuginaof a vibrant economy and continuous urban esioan
The city’s unusual architecture shows Arab, Porésgy Persian, Indian, African, and modern Western
influences. Annual rainfall in Muscat averages &®(d in), falling mostly in January. The climatengeally

is very hot, with temperatures reaching 54°C (12%iFhe hot season, from May to September.

4 GISAND REMOTE SENSING FOR DAMAGAE ASSESSMENT

4.1 GI S and damage assessment

A Geographical Information System (GIS) has a giaplatabase of geo-referenced or spatial informatio
which is linked to the descriptive database. A @$8s high-powered graphic and processing toolsatieat
equipped with procedures and applications for ipgit storing, analyzing and visualizing geo-refered
information. A GIS’s capacity for data integratiorakes it possible to look at and analyze data mepful
new ways. A GIS is useful mainly because of itsacity to build models or representations of thé weald
from information in databases. It achieves thisrbglementing a series of specific procedures teakegte
still more information for spatial analysis and dige assist in problem - solving and planning. @GS
therefore important for aiding hazard preventiod &r simulating the damage that would be causetien
event of a natural disaster. GIS can also be useddrpret information by creating thematic matet show
the spatial distribution of the information. Thasaps show spatial patterns, trends or relationshipging

it easier to analyze the information. This is tlasec in the various successive stages of the prafess
assessing the damage caused by a disaster.
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4.2 Remote sensing and damage assessment
Damage assessment by remote sensing can be cagegrithe following phases:

4.2.1 Assessment of Flood Damage (immediately duringdhloo

During floods, Remote sensing data provide timehg aletailed information that are required by the
authorities to locate and identify the affectedaarand to implement corresponding damage mitigatioa
essential that information be accurate and timelyorder to address emergency situations (for ex@amp
dealing with diversion of flood water, evacuatioescue, resettlement, water pollution, health fisgaand
handling the interruption of utilities etc.). Soimgportant spatial outputs produced and analyzedahtime.
For example, flood extent maps, real time monitplbiy remote sensing data and of damage to buildings
infrastructure Maps. Moreover, meteorological répbrased on real-time remote sensing data areregpa
show intensity/estimates, movement, and expectedtida of rainfall for the next 3 hours. Evaluatioh
secondary disasters, such as waste pollution caleteeted and assessed during the crisis by reseateng
data as well. (Jeyaseelan, 1999)

4.2.2 Relief (after the Flood)

In this stage, re-building destroyed or damageditias and adjustments of the existing infrastuuet will
occur. At the same time, insurance companies reayofto-date information to settle claims. The tiiaetor

IS not as critical as in the last stage. Nevergglboth medium and high-resolution remote sensnages,
together with an operational geographic informatayistem, can help to plan many tasks. The medium
resolution data can establish the extent of thedfldamages and can be used to establish new flood
boundaries. They can also locate landslides andtpol due to discharge and sediments. High-reswiut
data are suitable for pinpointing locations and diegree of damages. They can also be used asnedere
maps to rebuild bridges, washed-out roads, homgt $aailities (Jeyaseelan, 1999).

5 OBJECTIVES
5.1 ldentifying the damaged sites and its extent.
5.2 Assessment of the damaged sites.

5.3 Measurement the impact of disasters on the geographical environment of the affected
areas.

6 METHODOLOGY

6.1 Data

In this study, two IKONOS satellite images of Musda@man have been utilized; one image before the
cyclone (8th January 2006) (Figure 3) and one éft2th June 2007) (Figure4). IKONOS is the worfa'st
commercial satellite able to collect black-and-whijpanchromatic) images with 82-centimeter reswtuti
and multispectral imagery with 4-meter resolutibmagery from both sensors can be merged to create 1
meter color imagery (pan-sharpened). Table 1 shiogvsharacteristics of IKONOS system.
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IKONOS SPECIFICATIONS

Spatial Resolution

0.82 meter x 3.2 meters

Spectral Range

526-929

632698 nm
757-853 nm (near IR)

nnp
445-516 nm (blug
506-595 nm (greem)

(red

Swath Width

11.3 km

Revisit Time

Approximately 3 days

Orbital Altitude

681 km

Table 1: Characteristics of IKONOS (Geo-Eye 2009)

)
)

o KM

Fig. 3: Area of study before Gonu

Fig. 4: Area of study after Gonu
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6.2 Methods

Figure (5) summarizes the phases and methods ngbd istudy. The two images have been geometyicall
corrected. Then, Areas Of Interests (AOIs) havenlmdracted from the images using (Subset funciion)
ERDAS Imagine 8.6 using visual observations depandin cyclone impacts from the recent image (after
event image). Change detection technique usedtberempare (AOIs) from (after event image) withithe
counterparts in the old image (before event imagehg (Geolink function) in ERDAS Imagine. This
technique can be included within "Visual Analysisthniques where visual interpretation is usedéntify

the change by on-screen digitizing from imagesifieint dates (LU et.al, 2004). This technique btan
called "Geo-linking change detection" as the congparbetween the images is based on their geog@phi
locations. Areas of change were extracted and nthppg "Map Composition" tool. At the end, theaare
and perimeter of affected areas were calculategyUsileasurement" tool in the same program.

Assessment
I

[GIS and RS for Damage]

Data Data
Processing Analysis

Geographical
— Link
Between Images

Data Collection

Geometric
Correction

Extraction
Areas of
Change

IKONOS
Sat.

Images

Image
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Attribute
Data

Map' i

Composition

Final

Outputs

Fig. 5: The methodology used in this study

7 RESULTS

Many areas of interest (AOIs) have been extraateuh the two images. However, only some of thesasare
will be presented on this study. Figure (6) andtplfd) illustrate a damaged part of a bridge onufiq area
(after event image). On the second part of therdigthe bridge before the cyclone.
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Fig. 6: a damaged part of a bridge on Alqurm areddgr(left), the bridge before the cyclone (right)

Photo 1: the damaged part of the bridge
Figure (7) and Photo 2 show one of significant dgesaon Alqurm beach

D:_gl Meters

Fig. 7: significant damages on Alqurm beach
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Photo (2) damages on Alqurm beach

Figure (8) shows inundated areas behind Sultan aBoand Mosque (Alghubra area).

0 200 Meters

[ S—— S

Fig. 8: Inundated areas behind Sultan Qaboos Gviosdjue (Alghubra area)

Figure (9) shows another coastal area in Muscat

| o m m

Fig. :9 Ezibah Coast
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Moreover, the perimeter and total affected areawatculated as shown in table (2)

Area Name Perimeter Total affected Area Hectare/
(Square Meter)

Part of a danaged Bridge 163.43 0.0746 (745.70)

Algurm Beach 1468.35 4.7285 (47285)

Behind Sultan Qaboos Mosque 1920.44 10.5153(105153)

Ezaiba Coast 383.63 0.7019 (7018.8)

Table (2) the perimeter and total area of affettedtions

These quantiataive information can assist in danesgessment monitoring and it can be used to nep th
new situation and update the database used foetio@struction of an area.

8 CONCLUSION

In this study, remote sensing data and techniquagded by GIS have proven their usefulness indlesa
management plan especially in mapping the new tgituafter the disaster which help in updating the
geographical database. This can be used for tlmstraction of the damaged area. GIS helped toprde
information by creating satellite based thematigpsnthat show the spatial diminsion of the effecieshs.

This will ease information analysis for successtages of the process of assessing the damageddayise
the disaster especially re-building damaged faesliand infrastructure. Insurance companies sisallthis
updated spatial information to settle claims. IKOBInages with its high-resolution proved usefulrfess
pinpointing locations and the degree of damagesedMar, IKONOS images can be used as reference maps
to rebuild bridges, washedout roads, homes antitiegi
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