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Abstract

Offshore emergencies such as oil spill present a serious threat to the
coastal environment. Consequently, response teams need to act fast in
order to minimize the damage done to the environment in the vent of
accidental oil spills. This study proposes to use spatial decision support
system (SDSS) in assisting decision makers and response teams in their
plan to effectively handle offshore emergency and mitigate potential
effects. A structured GIS-based multi criteria decision making
(MCDM) model is implemented by combining the analytical hierarchy
process (AHP) with GIS to develop an emergency offshore hazard map
and risk indices. The coastal area of East Malaysia was used as the study
area to test the SDSS. A sensitivity index of five categories (very high,
high, medium, low, and very low) were produced for the coastline of
East Malaysia. The produced map will be useful in offshore emergency
such as oil spill to help response team develop and implementing a

successful response plan.
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CHAPTER 1

Introduction

1.1  Background of Study

Accidents occur because of human negligence or mistakes. Accident means an
incident that occurs unexpectedly which normally result in injury or damage.
Accidents could happen at anywhere. The same thing could be happening in the open
sea. The ocean is very vast and so does the variations of the accidents that could
occurred. For example, offshore oil rig mishaps, over turn cruise ship, accident on oil
crude tanks ship and etc. These incidents do not only affect humans but also the marine
creatures and the marine environment (NOAA, 2017; Chiau, 2005; Singkran, 2003).

Offshore disaster regarding oil spill are labelled as the worst offshore disaster. Let us
take the example of BP oil spill in 2010 in the Gulf Mexico. The US government
estimate around 4.9 million barrels were spilt into the ocean (NOAA, 2017). This

incident had done extensive damage to the marine environment (Laura, 2010).

When accidents such as oil spill occur offshore, the response team could not
afford in to waste their time in planning their response plan. With so many
complexities in info and factors to decide, it would take time to have an effective
response planned (Erman & Dilek, 2011). One of the solution is implementing Spatial
Decision Support System (SDSS) into part of the decision making in response team.
SDSS is a support system that provides computerized support for the decision making
where there is a geographic or spatial component to the decision. In this case we are
using SDSS to help the response team to decide which area of affected ocean are the
most vulnerable and have the highest priority to be secured in order of significance.
SDSS would use GIS to help get accurate info on geographical data of the affected
offshore area and then would rank it which the index/factors to determined which area
are more critical. This is important in minimizing an offshore emergency effect on the

marine environment and saving life.



1.2 Problem Statement

Determining an appropriate response plan during an offshore emergency such as
oil spill is usually a challenging risk. For example, the response team may have no
access to accurate information about the incidents. They may also have conflicting

opinion from everyone involve in the response plan.

Determining priority areas in forms of sensitivity and exposure to oil spill during
offshore disaster is essential in planning an appropriate response strategy. This is
because delayed emergency response or lack of clarity on the level of priority of the
various factors lead to more live lost and environmental damage. Being unable to come
out with a priorities list fast enough often lead to delayed emergency response. This is
a very deadly mistake as in offshore emergency which often involve big disaster such
as oil spill, every seconds there could be hundreds or thousands of oil barrels leaking
into the ocean causing massive damage to the environment (The International Tanker
Owners Pollution Federation Limited, 2011). Therefore, it is necessary to develop a
reliable offshore hazard map capable of guiding rescue teams during offshore

emergency.

1.3 Objective
This study aims to develop an offshore hazard map through spatial decision

support system (SDSS). The objectives of this research are as follows:

e To identify the important factors that are likely to be affected when an
emergency situation occurs offshore such as oil spill.

e To Rank the factors in-order to identify their level of importance using

the AHP MCDM model.

e Develop a risk-susceptibility map using SDSS



1.4 Scope of study
This project uses an offshore study area in order to provide timely information

and guidance to offshore emergency response teams. The project will help them in
making decision and planning out their response plan by ranking the affected area in
order of importance and sensitivity. This is done by combining usage of geographic
information system (GIS) along with a decision support system (DSS). GIS allows
user to visualize, query, analyse and interpret data to understand relationship between
spatial entities. This project focuses on entities within the ocean environment. While
the DSS is a system which helps user in making decision. The core of DSS is multi-
criteria decision analysis. This project will be focusing on the analytic hierarchy
process (AHP) which is among the many ways of MCDA. AHP is used in the process
of ranking the factors/index that should be taken into account in case of an offshore
emergency. In an emergency response, there should be a few number of factors to be
considered such as property damage, lives and environment. However, in this project

we will focus on the environment effect of marine disaster.



Chapter 2

Literature review

2.1 Literature Review

When it comes to offshore disaster, it involves everything that unexpectedly
happen at the open sea. These disasters range from heli-crash, shipwreck and platform
failure. It is very often linked to oil spill as oil spill would have far more devastating
impact to both human and environment (Gabrielle et al, 2017).

For example, let us look back at the Exxon Valdez oil spill incident. It occurred in
Prince William Sound, Alaska in March 24, 1989. This incident involved an oil tanker
owned by Exxon Shipping Company that struck the reef and spilled 10.8 million US
gallons of crude oil to the sea over the next few days. While this catastrophic event
might not be the biggest oil spilt spill in history, it is considered to be one of the most
devastating oil spill incidence due to the severe environmental damage it caused. This
incident underscored the significance and sensitivity of environmental factors to
offshore oil spill. There were many factors that complicate the response team plan such
as the volume of oil spill or the incident occur at a remote area where accessibility is
limited. It is stated that in “The Exxon Valdez oil spill: A report to the President
(1989)” that both Exxon company and Alyeska (federal government) are not ready for
the seriousness of this oil spill. They didn’t have the enough resources to contain the
oil spill at initial stage. This eventually cause the coastal environment at Prince
William Sound had a serious damage. The oil slick spread over a total of 1990 km
shoreline thus contaminating them. It was known that around 2000 sea otters, 302
harbor seals and about 250000 seabirds died in the next day following the oil spill.
This is only the immediate effects of oil spills (Sarah Graham, 2003). Twenty five
years after the incident, there was only 13 out of 32 monitored wildlife population,

habitats and resources services that were initially affected being categorized as
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“recovered” and “very likely to recover” (Marybeth, 2014). The other species such as
orcas are predicted to go extinct as they are not reproducing overs the years and there
only left one female orcas. The focus of this incidents is that how a simple act of
delayed or insufficient respond plan could bring a devastating effect on the
environment. Therefore, it is very crucial to respond quickly and with the right

response plan in an offshore emergency.

2.2 Emergency Management.

Emergency Management has been studied and categorized into four phases:

2.2.1) Mitigation
It is described as a process of preventing future emergencies that prevent
an emergency, reduce percentage of an emergency occurring or even
reducing the damage done by an emergency. For example having a better

safety rules or a better response plan.

2.2.2) Preparedness
It is described as plans or preparation made to save lives and help response
& rescue operations. For example evacuation plans and stocking food are

examples of preparedness. It takes place before an emergency.

2.2.3) Response
It is described as actions taken as soon as possible when an emergency
occurs with goals to save lives and prevent further damage. It is putting the

preparedness plan into action. It take place during an emergency.

2.2.4) Recovery
It is described as actions taken to return a normal/safer situation after an
emergency. It often include financial support to rebuild the affected part. It
takes place after an emergency (Baird, 2010; Restore Your Economy
Organisation, 2017).



2.3. Offshore emergency response

If the offshore emergency response does not involve oil spill, the focus of the
response team are narrow down to few factors only which are the property damage
(ship, helicopter, etc.) and human lives. However, if an oil spill occurs offshore, it
makes the whole situation much more complicated by having more factors to be
considered to rescue. These factors might be the condition of the environment,
sensitivity of the area to oil spill, and a lot more. A good response plan is a plan that
takes into consideration of all these factors. However to have these information fast is
an obstacle for the rescue team and might delay any response from the team. Besides,
ranking the affected areas and factors in terms of their significance after getting info
is also a very complicated process. Many people have their own opinion of importance
to each element that are affected in an emergency offshore. For example, a CEO of
company might prioritize his/her property damage while civilians may prioritize the
pollution caused. All these are obstacles/confusion faced when it comes to decide a
response plan which often lead to a delayed or a bad response plan being carried out
causing tremendous damage to human and environment due to the waste of time in
responding to the disaster. Therefore, a system which could gather all the data fast
accurately and help prioritize the affected area fast and minimal or no bias is very much
needed. A GIS based decision support system in emergency disaster situations offshore
can help solve the problem quickly and guide response teams in planning their rescue
plan accurately. It is important to highlight which areas are the more critical in order
of sensitivity and significance. This would help the response team to mobilize their
resources or equipment to the prioritized area. Having a good response plan and the
right resources in handling an offshore disaster could greatly minimize the damage
done (NOAA, 2017). Thus, this study focuses on decision making and developing a
risk-assessment index map of the affected area so that the response team can rapidly
decide how to optimize their limited resources from the most important to the least

important risk factors within the affected areas.



2.4 Geographic Information System

A geographic information system (GIS) is described as a system to capture, store,
manipulate, analyze, manage, and visualize all types of geographical data. Some
portion of the data is spatial as the essence of this system is Geography. It means that
these data would be related to real location on earth (University of Wisconsin-Madison
Libraries, 2017).

Normally come with these spatial data is usually tabular data known as attribute
data. Attribute data are data that’s further describe the spatial data such as color, size,
population and etc. (ESRI, 2017). An example of this would be village. The actual
location of the village is the spatial data.

Attribute data of this village would be the additional data that further describe
about the village such as population of the village, how many houses in village, size
of village and etc. GIS are able to be such an efficient problem solving tool in spatial

analysis due to the combination of these two data types.

GIS is more than just software. People and methods are combined with geospatial
software and tools, to enable spatial analysis, management large datasets, and the

display of information in a map/graphical form.

The coastal zone systems consist of complex dynamic and spatial nature which
made GIS particularly suitable for the job as GIS has the ability to handle and analyse
voluminous data set (Fabbri, 1998; William and Alan, 2009; Jon and Qian, 2011). GIS
also has the potential to help in coastal zone management such as handle much bigger
databases, to integrate and analyze data, collection of data, and compare alternative
management scenarios before a proposed plan is imposed on the real world
(Barlett,2000; Zahir and Abdul, 2013). Kennan (1997) discuss the role of GIS as a
DSS generator to create a spatial decision support system (SDSS).



A research done by Pincinato and his team in 2009 had proved that GIS stand a
powerful resource to fulfill the limitations of traditional environmental sensitivity
maps. The GIS software is used to assess the environmental sensitivity to oil spill in

the northern of Saopaoloy province in Brazil (Pincinato et all., 2009).

2.5 What can we do with GIS?

GIS is a very useful tools to help in problem solving and decision making processes
including visualize the data in s spatial environment. Geospatial data can be analyzed

to
2.5.1. Visualize locations.

GIS allows visualizing the data location. The spatial location of real-world features
can be mapped and visualize the spatial relationships among them. Example as
below the map show the class of land. We can visualize the different type of land

are divided to and where they are located on map.
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Figure 1: Types of Land (RMB Environmental Laboratories, 2017).
2.5.2. Visualize quantities.

Data that represent quantities could be presented in map telling us which location
has the most and the least amount of desired entities. This help user to find places
that meet their criteria or to determine the relationship in between places.

Example: Below is a map of cemetery in Wisconsin. The map contains dots which
represent cemetery locations and each county is color coded to show where the
most and least are. Darker blue represent higher number of cemeteries while the

lighter blue represent the fewer cemeteries
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Figure 2: Cemetery Map (University of Wisconsin-Madison Libraries, 2017).

2.5.3. The density of features in a given space.

GIS is able to visualize density, or a quantity normalized by area or total number
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Figure 3: People Density Map (University of Wisconsin-Madison Libraries, 2017).

2.5.4. Finding info within a specific area.

Geoprocessing tools like BUFFER enable us to find out the information we

needed within a specific area. Example: Figure below show the buffer zone
within specified radii of a simulated explosion.
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Figure 4: Buffer Map (University of Wisconsin-Madison Libraries, 2017).
2.5.5. Changes that happen over a period of time.

We can also map the changes that happen in an area over a period of time. This
allows user to have their analysis and further predict the changes are coming. It is
extremely useful for planning the resources and urban planning. Example: Below
show how the forest in certain area changes from 2006 to 2011. Using the info,
government can predict the urban development and maybe reserve the land to

ensure not too much forest are destroy.
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2.6 Analytic Hierarchy Process

When handling multiple, conflicting factors such as in a coastal environment, it is
necessary to have a system that can help response team in making their decision. This
is where multi criteria decision analysis (MCDA) are helpful. MCDA is a collection
of techniques that could take into consideration quite a number of factors and criteria
in helping the user in making their decision (Johnson et al., 2005; Marco et al., 2005;
Aris and Panos, 2017). Analytic Hierarchy Process (AHP) is one of the method use for
MCDM. It is introduced by Thomas Saaty (1980). It’s effectiveness in dealing with
complex decision making and be able to aid decision makers to set priorities and make
the best decision. AHP allow some inconsistency in judgment as human are known not

to be always consistent

AHP works by generating a weight for each evaluation criterion based on the decision
maker’s pairwise comparison of criteria. The higher the weight the more important the
criterion. A score is assign to each option according to the decision maker’s pairwise
comparisons of the options based on criterion. Lastly having combined both the criteria
weights and options scores will be determining a global score for each option and a
consequent ranking (Evangelos and Stuart, 1995; Nathasit and Dundar F., 2007; Jorge
etal., 2015).

2.7 Implementation of AHP

2.7.1 Pairwise Comparison.

In order to compute weight for different criteria/ factors, AHP started by creating a
pairwise comparison. For example, there are Factors A, Factors B, Factors C and we
need to create a pair wise comparison. Each factor are required to compare with each
other which would resulting to 3 pair wise comparison. For each pair, evaluators are
needed to give values based on their preferences. Example of intensity of importance

are given in Table 2.
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TABLE 1: Pairwise comparison

Factor A Factor B
Factor B Factor C
Factor C Factor A

Table 2: Scale of Relative Importance (according to Saaty 1980)

Intensity of

Importance

Definition

Explanation

1

Equal importance

Two activities contribute

equally to the objective

Weak importance of one over another

Experience and
judgment slightly favor

one activity over another

Essential or strong importance

Experience and
judgment strongly favor

one activity over another

Demonstrated importance

An activity is strongly
favored and its
dominance demonstrated

in practice

Absolute importance

The evidence favoring
one activity over another
is of the highest possible

order of affirmation

2.4.6.8

Intermediate values between the two

adjacent judgments

When compromise is

needed

Reciprocals of above

nonzero

If activity 1 has one of the above
nonzero numbers assigned to it when
compared with activity j. then j has
the reciprocal value when compared

with 1.

14



After comparing and giving the each pairwise combination, a matrix could be formed
as the following. For example, the criterion is to find which factor is more important.

TABLE 3: Pairwise Matrix

More important A B C
A 1 5 8
B 1/5 1 4
C 1/8 1/4 1

After having this matrix, the next step is by estimating the right principal eigenvector.
The corresponding maximum left eigenvector is approximated by using the geometric
mean of each row. That is, the elements in each row are multiplied with each other and
then the n-th root is taken (where n is the number of elements in the row). Next the
numbers are normalized by dividing them with their sum. This is known as priority
vectors. The AHP pairwise judgment are considered consistent if the consistency ratio
(CR) is less than 10%. The consistency ratio is calculated by dividing

CI [CI=(Amax - n)/(n - 1)] with RCI (given in table 4) .

n 1 2 3 4 5 6 7 8 9
RCI |0 0 058 (090 [1.12 |124 132 |141 |1.45
TABLE 4: RCI values for different n.

15



Last step is the synthesis step. Now the priority vectors become the column of the
decision matrix. Using the same pairwise comparison, the weight of each criteria is
decided. For example, if a problem has M alternatives and N criteria, then there is a
need to construct a judgment matrices of N of order MxM (one for each criterion) and
of order NxN (for N criteria). Finally, given a decision matrix the final priorities,
denoted by a,.. , of the alternatives in terms of all the criteria combined are

determined according to the following formula.

N

i .

Argp = Eaij W, fori =1, 2, ,3, ,... M.
=1

2.8 Hazard mapping.

The process of visualizing the information of a study area of varying coverage, detail
and scale is called hazard mapping. This is defined by the World Health Organization
in the Glossary of Humanitarian Term. The map could contain of a single hazard
information such as flood and firestorm, or having more than one hazard information
by combining multiple type of hazard information into one map. The benefits of having
a hazard map is that it visualized the information in map form and are easy to be
understand by the decision makers and planners. The limitation of hazard mapping is
the volume of information required for natural hazards management, often exceeds the
capacity of manual methods. This drives the usage of computer assisted system into

the mapping process (Defined Term, 2008).
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2.8.1 Significance of hazard mapping

Over the years, it is obvious that when it comes to effective disaster prevention and
mitigation, it entails two important aspect. First would be the accessibility of
accurate, readily, understandable and timely warnings. The second aspects would
be the response of people when there is a disaster warnings given. Both aspect
require a reliable hazard maps that depict the hazards in the community. It is
important that these hazard maps are up to date and accurate because even if all
plans are well executed, will fail if they were based on the wrong information
(Alfedo, 2016).

Let’s take the example of 2012 Baragay Andap disaster in New Bataan to learn the
significance of hazard mapping. The area was hit by Typhoon Pablo (International
name, Bopha) which causes a massive landslide that took away a total of 612 lives.
From the 612 lives, more than 500 were perished in the evacuation center which
located in the landslide path (NOAH, 2012). This only tells us that if there was a
hazard map used in the evacuation center planning, the map is probably very
inaccurate. Otherwise, the evacuation center would not be placed there or the
authorities would not have the refugees take shelter there. This prove that hazard
map are very important either in planning or in respond plan for a disaster. The same
lesson could be applied on coastline for oil spill disaster. The only difference is the
type of information to be consider for an oil spill disaster in order to produce a

hazard map.
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Chapter 3

Methodology

3.1. Methodology
This project is given a duration of 7 months to be completed. The methodologies for

this project are divided into two parts, which are research methodology and
development methodology.

3.2. Research methodology

This part of methodology involved the gathering and collection of relevant data to
the project. Following are the platform used:

3.2.1 Academic research materials.

By referring to the previous academic materials which are related to my projects
managed give author a basic guideline on author projects through online reference.

3.2.1.1 Advise/ Feedback from experts
The ranking and judgment done in the criteria used in AHP are all done
by experts which are related to the field. This were done by sending the
experts a form with a list of pairwise comparison of factors and they

are required to give their judgment based on their preferences.
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3.3  Project development methodology

3.3.1 Identifying study area

First step is to identify on which area we should study. This is done by looking at the
amount of information we can get on. The chosen area should have all the data needed
to carry out this project.

3.3.2 ldentifying data/ factors

This is the next phase of a project development phase. Start identifying the important
data based on the study area chosen. This paper aims at identify the type of
factors/element that are prone to damage or destruction when there is an oil spill occur

offshore.

3.3.3 Develop/ Ranking the factors
After identifying the risk factors through experts’ feedbacks and recommendation,
each factor would be ranked based on their relative level of importance using AHP

model.
3.3.4 Test run and analysis the result

Test run the project develop by using the data from the chosen study area. Analysis the

results.
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Our mapping system basically are made up of three main part. First is the input data.

This included our base map (Sabah & Sarawak) and all the different layers of the data

we could had. From all those data/shape file, I then chose only those relevant to my

project (which are the environmental factors). Below shows my study area and the

factors that | sorted out based on my study area.

Sarawak

Figure 6: Sabah & Sarawak coastline

Table 5: Type of Factors

Symbol Type of Environmental

factor

Al Aquaculture Fish

A2 Turtle nesting

A3 Coral reefs

A4 Crab fishing

A5 Crocodiles

Ab Dolphins

A7 Mangrove

A8 Prawns

A9 Shorebirds
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3.4 Sensitivity Rank Weightage Using AHP method.

Four respondent were given each an AHP survey questionnaire on the case study of

coastal area of East Malaysia. They were required to rank the factors identify from the

study area using AHP method. The respondent are chosen based on their field of

expertise which are related to offshore or coastal field. With their expertise and

experience in the field, it really helps in giving accurate ranking to the factors. Using

Microsoft Excel, | have created a template in which will analyze their ranking and

ultimately have the mean average of each factor weightage in the sensitivity risk index.

Factor

Al
A2
A3
A4
A5
AbB
A7
A8
A9
Total

Table 6: Pairwise Comparison

A2 A3 A9

1 9 8 1 8 7 7 2 2
0.11 1 1 0.14 1.00 3.00 0.33 0.14 0.13
0.13 1.00 1 0.13 0.50 1.00 0.50 0.13 0.13
1.00 7.00 8.00 1 8.00 9.00 2.00 0.50 0.50
0.13 1.00 2.00 0.13 1 2.00 0.33 0.13 0.13
0.14 0.33 1.00 0.11 0.50 1 0.25 0.11 0.13
0.14 3.00 2.00 0.50 3.00 4.00 1 1.00 1.00
0.50 7.00 8.00 2.00 8.00 9.00 1 1 1.00
0.50 8.00 8.00 2.00 8.00 8.00 1.00 1.00 1
3.65 37.33 39.00 7.00 38.00 44.00 13.42 6.00 6.00

Pair wise inputs

Normalization

This step is done by totaling the numbers in each column. Each entry is then divided

by the column sum to yield its normalized score. Noted that the sum of each vertical

column should be 1.
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Factor Al A2
Al 1l
A2

A3 0.13
A4 1.00
A5 0.13
A6 0.14
A7 0.14
A8 0.50
A9 0.50
Total

Table 7: Normalized Principal Eigen

Normalization for A2

0.11/3.65=0.03

Normalization

Factor
Al
A2
A3
Ad
A5
A6
A7
A8
A9
Total

Al A2
0.27
0.03
0.27
0.03
0.04
0.04
0.14
0.14
1.00

A3 A4
9 8
1 1
1.00 1
7.00 8.00
1.00 2.00
0.33 1.00
3.00 2.00
7.00 8.00
8.00 8.00
37.33 39.00
A3 A4
0.24 0.21 0.14
0.03 0.03 0.02
0.03 0.03 0.02
0.19 0.21 0.14
0.03 0.05 0.02
0.01 0.03 0.02
0.08 0.05 0.07
0.19 0.21 0.29
0.21 0.21 0.29
1.00 1.00 1.00

A5

1
0.14
0.13

0.13
0.11
0.50
2.00
2.00
7.00

A5
0.21
0.03
0.01
0.21
0.03
0.01
0.08
0.21
0.21
1.00

Ab

8
1.00
0.50
8.00

0.50
3.00
8.00
8.00
38.00

0.16
0.07
0.02
0.20
0.05
0.02
0.09
0.20
0.18
1.00

A6

A7

A7 A8 A9
7 7 2 2
3.00 0.33 0.14 0.13
1.00 0.50 0.13 0.13
9.00 2.00 0.50 0.50
2.00 0.33 0.13 0.13
1 0.25 0.11 0.13
4.00 1 1.00 1.00
9.00 1 1 1.00
8.00 1.00 1.00 1
44,00 13.42 6.00 6.00
Normalize Principal Eigen
= Average of the
horizontal column.

A8 A9 Total Average
0.52 0.33 0.33 2.42 0.27
0.02 0.02 0.02 0.27 0.03
0.04 0.02 0.02 0.22 0.02
0.15 0.08 0.08 1.54 0.17
0.02 0.02 0.02 0.27 0.03
0.02 0.02 0.02 0.18 0.02
0.07 0.17 0.17 0.82 0.09
0.07 0.17 0.17 1.64 0.18
0.07 0.17 0.17 1.64 0.18
1.00 1.00 1.00

From above steps we should get our normalized principal eigen which is also our

priority vectors. Then we get the percentage by converting this values into percentage.

Table 8: Converting Eigen values to Rank(%)

Eigen

0.27

0.03

0.02

0.17

0.03

0.02

0.09

0.18

0.18

Rank(%)

26.90%

2.98%

2.44%

17%

2.97%

2.04%

9.11%

18.20%

18.25%
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Then using this formula to get the consistency ratio.

Cl =22
n—1

Consistency ratio are calculated by dividing consistency ratio with Random Index (in
our case it is n, 9= 1.46). Noted that if the consistency ratio is more than 0.10, the
evaluation has to redo as it is deem not accurate and it is advisable to ask the respondent

to reevaluate the questionnaire.
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3.5 Implementing the AHP ranking into the map using GIS.

GIS is best suited for this task as coastal area. GIS are able to relate the non-spatial

data to a spatial data. In this case, | am adapting the suitability analysis into ranking

the sensitivity of the coastal area. For a most sensitive area, the rank would be given

as 1 while the least sensitive area would be given as 9. The following steps were used

to generate a risk sensitivity map:

351

Identification of data type.

Table 9: Geometry Type of Feature Class

each shapefile are shown in the table below:

Feature Class Name Geometry Type
Shrimp Point
Turtle nesting Point
Crocodiles Point
Shorebirds Point
Aguaculture Point
Crab Point
Dolphins Point
Mangrove Polygon
Coral reefs Polygon
Sabah region Polygon
Indonesia region Polygon
Brunei region Polygon
Sarawak region Polygon
Landsea polyline Line

From the data file which I acquired from UTP-Petronas collaboration, | identify
there is a total of 14 layers of shapefile which is related to my work. Seven out
of the fourteen layers are regarding the environmental factors while the rest are

to represent the map of Sabah and Sarawak. The geometry type of layers for
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Note that these data files came without any determined projection and had no
coordinate system known. In order to identify the original coordinate system
used, I implemented the “brute force method” as described by one of the GIS
user in Geographic Information System forum. (Polygeo, 2017) This is done
by taking a layer of known coordinate system from MapCruzing which is
supposed to overlay with the original data layer. Now an educated guesses is
made on what the possible coordinate system layer should be and a projection
for each guess is done until the two data layers match. The data are located at
Borneo Island and this give hint that the projection system options should be
as listed below:

-Timbalai 1948 RSO Borneo (Meters)

-Timbalai UTM Zone 49

-WGS 1984 UTM Zone 49N

Figure 7: Map Projection

As shown in figure 8 above, the map overlay correctly with the layer of
known coordinate system which is using the Timbalai 1984 RSO Borneo
(Meters) coordinate system. From these, it was correctly deduced that the
data layers are in Timbalai 1984 RSO Borneo (Meters).
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3.5.2 Buffer zone

This is done because of two reasons, to give the point a quarantine area and to

convert the point geometry file to polygon geometry file. This is required for the

next step as merge function only works on the same type of geometry type. A

2km of buffer zone is chosen so that it is easier for user when viewing the entire

map. As identified earlier, there are seven layers of feature class in point form.

The buffer function is only applied on these seven layers. Buffer function is

dragged into the model builder from Arctoolbox > Analysis Tools > Proximity >

Buffer. Figures below show the setting I used for buffer tool and the results of

this step.

~ , Buffer

Input Features

| Dolphins
@Output Feature Class

> [e]

| C:\Users\new\Documents\ArcGIS\Default.gdb\Buffer2km_Dolphins

|

Distance [value or field]
Linear unit

2

() Field

Side Type (optional)
FULL

End Type (optional)
ROUND

Method (optional)

Kilometers

| PLANAR

Dissolve Type (optional)

NONE]

Dissolve Field(s) (optional)

[ ] oBIECTID
[ ] DOLPHINS

[ IType

Select All Unselect All

Cancel

Apply

Add Field
>

<< Hide Help

Figure 8: Buffer Setting
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Figure 9: Buffer in Model Builder

27



Zonel

Zone 2

¢ a
AT
o
Ea o]
f, »
@
o
o
"i
o o
~ PN A
o '.‘..‘? .u'a'
) o} O o
02@92 2 pao g B
QAR
Figure 10: Buffer Zone 1
o]
o B
4
[ v. o) )
o -
Oé Q g o
N y B ¢
N - & .
0 “ '“'- ;‘:‘H

Figure 11: Buffer Zone 2

28



Figure 12: All 7 buffer layer presented in map

3.5.2 Merge
The seven different buffer layer created will then be merge together with coral
and mangroves layer to create one new layer in Arcmap. This step is done to
ease the management of layers for the process after this. Merge function is drag

from Arctoolbox > Data Management Tools > General > Merge into the model

builder.
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3.5.3 Rasterization of vector layers.
The output from merging process (Merge9Layers) is then converted from
vector to raster layer. This is done because the reclassify function only works
on raster format layer. The raster function is dragged from Arctoolbox >

Conversion Tools > To Raster > Feature to Raster into the model builder.

dﬂ%é

Feature to Raster

INPUT PROCESS OUTPUT

Figure 14: Rasterization in model builder
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Figure 15: Rasterization Zone 1
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Table

SRR

Merge9Layers_raster

Figure 16: Rasterization Zone 2

OBJECTID *

Value

Count

Type

Zone 2

3

722738

Dalphins

196093

Crab

84822

Aquculture

430536

Shorebird

130628

Crocodile

96716

Turtle

484105

Shrimp

214857

Mangrove

oo o afw|rof=

o|le(d|o| o sfw|n| =

185361

Coral

o 1 o [EE] Coutofsselected

Merge9layers_raster

Figure 17: Map & Attribute table after rasterization.
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3.5.4 Reclassification.
The output values rasterization (Merge9Layers_raster) are then reclassified
based on the AHP ranking data using ARCGIS reclassify function. This is done
by dragging the reclassify function from Arctoolbox > Spatial Analyst Tools >
Reclass > Reclassify. This step will order the different environmental factors

using ranking obtained from AHP process.

A\

Reclassify

INPUT PROCESS OUTPUT
Figure 18: Reclassify in model builder

“\3 Reclassify
Input raster
||Merge9Layersira5ter | IEl
Reclass field
| Type v]
Reclassification
Old values New values ~ -
Dolphins 8 Cla55|fy...
= ;
Aguculture 2 Unique
Shorebird 7
Crocodile 9 Add Entry
Turtle 3
Shrimp 4 Delete Entries
Mangrove 6 v

Reverse New\falue-;| | Precision...

&Output raster
‘ C:\Users\new\Documents\ArcGIS\Default.gdb\AHPRank_AllExperts | IEl

D Change missing values to NoData (optional)

< >

| OK | ‘ Cancel | | Apply | | << Hide Help |

Figure 19: Reclassify 1 setting
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Table

E-%8- %0
AHPRank_AllExperts

B

OBJECTID *

Value | Count

Type

185361

Coral

84822

Agquculture

96716

Turtle

484105

Shrimp

196093

Crab

214857

Mangrove

430536

Shorebird

722738

Dolphins

|| ~No| v s w N =

|| No|n| s w N =

130628

Crocodile

"o

AHPRank_AllExperts

0+ n [E]S] 0outofsselected)

Table

- [ s

Merge9layers_raster

OB.JECTID *

Value

Count

Type

722738

Dolphins

196093

Crab

84822

Aquculture

430536

Shorehird

130628

Crocodile

96716

Turtle

484105

Shrimp

214857

Mangrove

O~ || W M=

W oo |~ |||k =

185361

Coral

Merge9layers_raster

(L | 1T M E (0 cut of 9 Selected)

Before reclassification

W oo~ | ||| M=

Table

ERAERAL L

AHPRank_AllExperts

Zone 2

Figure 22: Map & Attribute table after reclassification

OBJECTID *

Value

Count

Type

185361

Coral

84822

Aquculture

96716

Turtle

484105

Shrimp

196093

Crab

214857

Mangrove

430536

Sharebird

722738

Dolphins

W oo~ ||| M=

130628

Crocadile

AHPRank_AllExperts

4 0 » M E (0 out of 9 Selected)

After reclassification
Figure 23: Attribute Table Changes

Noted from figure above, the value for each type of environmental factors have

changed. The values from one to nine after reclassification represent the

importance of each factors in a descending order i.e coral reefs(1) is considered

most sensitive by the experts while crocodile(9) is ranked the least sensitive in

the list. Then do another reclassify step. This is done to cluster the nine ranking

into five cluster of rank to produce the sensitivity index.
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2\

Reclassify (2)

PROCESS OUTPUT

Figure 24: Second reclassification in model builder

A

“\ Reclassify (2) X &_
Click error and warning icons for more information Classification X
Classification Classification Statistics
MOEI ST Method:  Natural Breaks (Jenks) v Count: 4479576
[ AHPRank AllExperts Minimum: h
lasses: 5 v —
Reclass field Maximum: 9
Value Data Exclugion Sum: 26424808
Trr) Mean: 5.898953
Reclassification i i
_ Bxclsion..._| _ sampling .| Standard Deviation: 1.73249
Old values New values " ’—‘
Classify....
; 1 5 ; L Columpfs: 100 % [ Show Std. Dev. [ Show Mean
3 3 o . . . L Bresk Vales
5.7 4 L
7-9 5 Add Entry 2000000+ 3
NoData NoData 5
Delete Entries 1500000 7
v 9
10000001
‘ Load... ‘ | Save... ‘ Reverse New Values ‘ ‘ Precision... ‘
@Outpul raster
‘ C:\Users\new\Documents\ArcGIS\Default.gdb\HazardIndex_Allexperts U% ] 13 5 I3
["]Change missing values to NoData (optional)
Snap breaks to data values

from the reclassification.
¢ Load - Loads a previously created remap

/ 500000+

table.
+ Save - Saves the specified remap table.
> « Reverse New Values—Re-sorts the New
Cancel | Apply || <<HideHep |  Tool Help

JOK

Choose 5 to group into 5 cluster

Figure 25: Reclassify 2 setting
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Figure 28: Map after reclassify to 5 rank.
[labic Table
ERAE R - B B
HazardIndex_Allexperts HazardIndex_Allexperts
OBJECTID * | Value | Count OBJECTID * | Value | Count [ Sensitivity_Index
v 1 1| 185361 v 1 1 185361 | Very High
2 2| 181538 2 2| 181538 [ High
3 3| 680198 - 3 3| 680198 | Medium
4 41 257911 4 4| 257911 |Low
5 51| 853366 5 5| 853366 |Very Low
o4 1 » E (D out of 5 Sel o W E (O out of 3 Selected)

HazardIndex_Allexperts
HazardIndex Allexperts

Figure 29: Sensitivity Index

New field named Sensitivity_Index is add to the attribute table. This is to ease future
reference to know what the values are representing. Note that there is four respondents
approached using the AHP questionnaire. Therefore all the steps mention above are
repeated for each respondents thus producing four hazard maps. Lastly it is repeated

once again for the average of all respondents AHP ranking.
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4.1 AHP analysis

Chapter 4

Result and Discussion

Below are the result got of using excel template | made to get the weightage from the

survey questionnaire:

Respondent 1

Table 10: AHP Analysis 1

Rank (%) |Rank
Turtle 28.27 1
Coral 25.41 2
Fish 10.71 3
Crab 10.35 4
Dophlins 9.03 5
Crocodile 8.02 6
Shorebird 3.26 7|CI= 0.14
Mangrove 3.14 8|RI= 1.46
Prawns 1.81 9|C.Ratio= 0.09

Respondent 2
Rank (%) |Rank

Fish 26.90 1

Shorebi 18.25 2

Prawns 18.20 3

Crab 17.12 4

Mangro 9.11 5

Crocodi 2.98 6

Turtle 2,97 7[Cl= 0.08
Coral 2.44 8[RI= 1.46
Dophlin 2.04 9|C.Ratio= 0.06

Based on diagram above Respondent 1 are very much in concern about turtle by giving

it 28.27% importance. Compared to Respondent 2, turtle has less significance concern

from his/her point of view by giving only 2.97% of importance. This mean that for

both respondent there is a difference of 6 ranking places in between their preferences

of turtle importance. However for both respondent the factor of aquaculture fish are

quite high up in the ranking. The factor fish score a top 3 rank from both point of view.
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Table 11: AHP Analysis 2

Respondent 3 Respondent 4
Rank (%) |Rank Rank (%) |Rank

Prawns 30.35 1 Coral 26.40 1

Crab 19.42 2 Mangro| 21.00, 2

Fish 16.09 3 Turtle 15.83 2

Coral 11.26 4 Fish 11.65 4

Turtle 8.25 5 Crab 7.26 5

Dophlins 5.34 6 Crocodi 6.46 6

Mangrovsg 4.11 7|Cl= 0.12 Dophlin 5.29 7|Cl= 0.08
Shorebird 3.39 8|RI= 1.46) Prawns 4,11 8|RI= 1.46
Crocodile 1.78 9[C.Ratio= 0.08 Shorebi 1 9|C.Ratio= 0.05

Based on above figure, Respondent 3 are more favorable in factor prawn by 30.35%.
Comparing to respondent 4, prawns are deem to be second least importance by giving
4.11% only. From respondent 3 point of view, he/she thinks that invertebrates are very
sensitive to water parameters so any oil spill or disaster would easily wipe out the
entire generation. Therefore in Respondent 3 ranking, it priotize the invertebrate like
crab and prawn first. However for Respondent 4 he/she just didn’t think that a damage
to prawns population would affect the ecosystem greatly. Noted for all respondent the
consistency ratio are below 0.10. Only result with less than 0.10 consistency ratio
could be accepted as it is deem to be accurate enough to further analyze. Very often
one pairwise comparison could result in higher consistency ratio are due to lack of
knowledge in the field or the pairwise comparison factors are too confusing to
respondents. From the AHP analysis above, the sensitivity index map are produced

accordingly to each respondent ranking.
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Figure 30: Respondent 1 Zone 1
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Figure 31: Respondent 1 Zone 2
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Figure 42: Respondent 4
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The map above represent the visualization of each respondent point of view in their
own ranking regarding the 9 factors. As you can see, each map are different from
each other. This is because the different opinion on the importance of each factors by
the respondent. In order to produce an overall map which are useable to response
team, the average of each factors are taken.

Table 12: Average Calculation

Respondent 1 [Respondent2 |Respondent 3 [Respondent 4

Table 13: All Experts Ranking

16.38|Coral
16.34|Fish
13.83|Turtle
13.62|Prawns
13.54|Crab
9.34|Mangrove
6.72(Shorebird
5.42|Dophlins
4.81|Crocodile

W[N] || ]|JW|N |-

The table shown above are the ranking of all experts. The ranking is calculated by
taking the percentage average for each factors and then rank the factors again using
the new percentage value. From the result coral are prioritizes first then follow by

fish, turtle, prawns, crab, mangrove, shorebird, dolphins and crocodile.
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Figure 44: All expert

The overall experts ranking are presented in the map shown above. As the legends tell,
the red zone would represent a very high sensitivity area, while yellow represent the
medium sensitivity area and dark green represent very low sensitivity area. It is shown
that the Sabah coastline are much more sensitive to oil spill compared to Sarawak
coastline. This is expected result as Sabah coastline is a well-known for its natural
beauty of the coral reefs and is among the popular tourism places for divers in Malaysia
(Wonderful Malaysia, 2017). This overall map are the final map and this is the map
that the response team should base on in making their response plan as it contain all

the experts opinions.
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Figure 45: Sabah Tourism map (Wonderful Malaysia, 2017)
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Chapter 5

Conclusion & Recommendation

5.1 Conclusion

This project focuses on helping the emergency response team to develop and
implement a successful response plan during offshore disaster such as oil spill. By
using SDSS, we manage to create an emergency offshore hazard map. This map would
provide the necessary information needed for response team to have a good plan which
normally would took longer time to get these information. The aim is to create a system
that could help quickly identify the affected areas and also give a reliable ranking of
the areas and environmental factors to the emergency response team. This would
greatly reduce the time in responding and ultimately reducing the damage done by any
human offshore mistake. This study has successfully combined MCDA method with
GIS to produce an efficient way to analyze and mitigate coastal risks due to offshore

activities.
5.2 Recommendation

This project mainly has three main component which are the input, AHP ranking and
GIS software. Their relationship are explained below:

INPUT DATA: AHP analysis:
Geographic Data Expert ranking using Sensitivity Index Map
of study area questionnaire

Attribute Data of \

the factors )
Geographic Information System (GIS)

Figure 46: Main Component

48



GIS analyzes and visualizes the data and AHP analysis into map form. Therefore the
accuracy of the map produced depends largely on the accuracy of the input data and

AHP analysis from the experts.

In future, hazard maps could be by increasing the type of factors analyzed such as
topography, wave movement, type of shoreline, current resources response team have
and etc. Another way to improve the map would be consulting a wide range of
specialists with diverse expertise in the offshore field regarding the criteria chosen
such as a bio ecologist for environment factors, a geotechnical engineering for
topography etc. This could also be done by giving another weightage list for the experts
based on their background studies. For example, experts with more years of
experience, his ranking of AHP factors would be given higher weightage values than

the experts that have lesser years of experience.
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Appendix

Survey Questionnaire

Developing an offshore emergency risk sensitivity index using SDSS

A case study of the coastal area of East Malaysia.

Introduction

This questionnaire seeks to rank the risk sensitivity of environmental factors
that will likely be affected in the event of an oil spill within the study area. Our
ongoing research to develop a spatial decision support system (SDSS) that is capable
of assisting the users to determine the most critical factors that will be affected by oil
spill thus helping them in making a better response plan which is effective and
reliable. Two models, the Geographic Information System (GIS) and a suitable
Multicriteria Decision Making (MCDM) technique, were combined to develop the
SDSS. The proposed SDSS would give a ranking of the factors and area from most
critical/sensitive to the least critical area on the risk sensitivity map. This would
further help optimize the response plan and prevent any misinformation during the
planning phase due to different opinions. Having a risk sensitivity map is crucial to
oil spill management because, any delay in response would likely cause severe
damage to the coastal environment.

In this questionnaire, various environmental factors are arranged in a comparison
matrix as shown in Figure 1 below. You are required to compare the factors in the
rows with factors in the column. After careful comparison, you will fill in the
appropriate value from the AHP scale of judgement, inside the cross cell of the
matrix. See Table 1 below for the AHP scale judgement.

For example, comparing factors A (row) and B (column) in Figure 1, if A is more
extremely important (9) than B, please fill in value “9” in the appropriate cross cell
(row 2; column 3). The reciprocal value (1/9) should be placed in the reverse
statement position i.e. row 3; column 2. Similarly, comparing factors B (row) and D
(column), if B is more strongly important (5) than D, please fill in the value “5” in
the appropriate cross cell (row 3; column 5). The reciprocal value (1/5) should be
placed in the reverse statement position i.e. row 5; column 3. All other cells should
be filled accordingly by comparing one factor (row) against another (column) i.e. A
andC,Aand D,Band C,Cand A,Cand B, Cand D, D and A, D and C.
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Please note that the value of comparing C and A (row 4; column 2) will be the
reciprocal value form the comparison of A and C (row 2; column 4). The value from
comparison of C and B (row4; column3) will be the reciprocal value from the
comparison of B and C (row3; column4). The value from the comparison of D and A
(row5; column2) will be the reciprocal value from the comparison of A and D (rowz2;
columnb). The value from the comparison of D and C (row 5; column 4) will be
reciprocal value from the comparison of C and D (row 4; column 5).

A C D
A 1
B 179 |1 5
C 1
D 1/5 1

Figure 1: Example of comparison matrix.

Table 1: Analytic Hierarchy Process Scale of judgement by Saaty 1990

Intensity of Definition Explanation
Importance
1 Equal Importance Two elements are of equal importance in the decision making
process
2 Weak or Slightly more
important
3 Moderate importance of Experience and judgement slightly favour one element over
one over another another.
4 Moderate plus
5 Strong importance Experience and judgement moderately strongly favour one
element over another.
6 Strong plus
7 Very strong importance An element is strongly favourable and its dominance is
demonstrated in practice.
8 Very, very strong
9 Extreme importance The evidence of favouring one element over another is of the

highest possible order of affirmation.
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Factors comparison using AHP.

Below are the environmental factors likely to be affected when there is an oil spill
occur in the study area.

Al. Fish Aquaculture : This region of area house consumable fresh

water fish. With oil spill, this aquaculture
would not be functioning.

A2. Turtle nesting : This area is used by turtle for their nesting.

with their population declining, it is important
to protect their nesting ground.

A3. Coral reefs : Coral reef are known to be sensitive to oil

spill and take a long time to recover.

AA4. Crab Fishing : Crabs are sensitive to chemical pollution and

it is preferable to save them.

Ab5. Crocodiles : Crocodiles are also prone to be affected by the

oil spill especially those near the mangrove
area.

A6. Dolphins : Dolphins are prone to get disease due to

contamination from the oil spill.

A7. Mangrove . Oil spill that manage to get to these area most

likely to get trap as these are low energy
environment. The oil that cover the roots will
slowly suffocate the mangrove trees.
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A8. Prawns

A9. Shorebirds

: Prawns are invertebrates of the sea and are very

sensitive to toxic from oil spill.

: Past experience showed that shore birds are to be

affected also as when they hunt for fish they tend to
get cover by black oil.

Using the table below, please rank the factors listed and fill the score in the appropriate cross

cell.

Al A2 A3

A4 A5 Ab A7 A8 A9

Al 1

A2 1

A3 1

A4

A5

A6

A7

A8

A9

To be fill with reciprocal value
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Respondent Profile

Name

Organisation/Institution/Company

Phone

Profession

Years of professional experience  :<2/3-5/5-10/10-15/>15 years *

Position

Degree : Bachelor / Master / Doctorate / Other
--------------------- *

Date

*Choose the appropriate option

General Questions

What is your opinion regarding the integration of spatial decision support system in a
response planning of an oil spill?

57



