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ABSTRACT 
 

 

A major challenge in flood risk management and assessment is limited data availability because 

of the cost of collecting and analyzing data. This study project was therefore developed to offer 

an alternative technique for assessing flood risk. A flood risk assessment was conducted by 

deploying the analytic hierarchy process (AHP) to build a flood risk model in order to explore and 

incorporate the perceptions of individual people and communities as its main data sources, where 

their experiences, knowledge, educational background, and intuitions are considered valuable 

and accurate information on how to deal with living in a disaster prone area. The developed 

model was built with four main hierarchy levels in order to capture the flood hazard probabilities, 

their consequences, and alternative actions for dealing with floods. The model was applied in 

Makassar City as a case study, where the relative flood risk was measured for each of four 

proposed zones by eliciting six respondent groups’ (expert, institutional, zones A, B, C, and D) 

judgments on pairwise comparisons of each component in the model. The model shows that the 

average relative probability of flood to no flood occurrence is 59.0%; among the proposed zones, 

zone A has the highest average relative flood probability, which is 0.175, or 17.5%; the most likely 

impact to occur during the flood is from dirt and debris carried by the flood and leading to the 

need for “house cleaning”; and flood control is the most favorable alternative action for the 

respondents, with a priority level of 0.306, or 30.6%. Furthermore, these results show the model’s 

ability to incorporate people’s opinions into flood assessment, as the public opinions collected 

showed high consistency in how they measured the flood risk in Makassar City and high levels of 

detail in assessing the flood risk in each zone, as well as providing several alternative actions.  
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CHAPTER 1. INTRODUCTION 
	  

1.1 Background  

Flooding in the global context has a dramatic impact on the world’s population; it has 

affected more than one-third of the world’s land area, occupied by 82% of the world’s population. 

Some of the world’s most flood-prone regions such as Bangladesh, India, China, Indonesia, and 

the Philippines undergo especially high intensity flooding events, reflecting the impact of tropical 

storms, which is worsened by the lack of flood hazard identification, prediction, and mitigation 

action by the local governments. Moreover, these critical regions (flood-prone areas) most likely 

are also areas with high population, high economic activity, and high agricultural production 

(Dilley et al., 2005). Specifically in Indonesia, which is my area of research interest, flood 

management has become an important issue and agenda in major coastal cities such as Jakarta, 

Makassar, Surabaya, Samarinda, and Gorontalo. The need for better flood management is rising 

along with urban development. Rapid population growth in coastal cities has become a generator 

for rapid economic development, urbanization, peri-urbanization, and city expansion. Growth also 

has increased the cities’ exposure to flood hazards, which occur almost every year during the 

rainy season. Increased yearly economic loss due to building damage, disrupted economic 

activity, and potential loss of life has made flood management a high priority. 

One key element in flood management is flood risk assessment, which is a useful tool to 

analyze the probability and consequences of floods. This is because risk assessment can provide 

good information for decision makers who must plan their responses to flood hazards. Moreover, 

flood risk assessment has been broadly studied in multiple fields of science. There are many 

methods and models that can be used to assess flood risk, both quantitative, which are mostly 

based on biophysical parameters, and qualitative, which are based on people’s or communities’ 

perspectives. The general quantitative approach to assessing flood risk is to assess the 

hydrological and meteorological aspects of flooding. These methods mostly rely on long-term 

spatio-temporal field observation and data, and can be useful for capturing and explaining 

physical phenomena of the environment related to flooding. However, a challenge for this method 

is the scale of data and interpretation (e.g., how detailed or how accurate it aims to be, and how 

large of an area it seeks to cover). Other challenges include uneven availability of data (some 

types of data might not be available for certain times and geographic areas due to a variety of 

limitations, such as lack of observation instruments or skilled labor, limited budgets, field 

obstacles, instrument failure, etc.) and limits to how much people or 

governments/institutions/companies want to spend for assessing and managing the risk. In some 

developing countries, particularly in coastal cities, data availability has become a major challenge 

for flood hazard management. 
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Another approach to assessing flood risk is qualitative assessment using community 

perceptions. This method has not been much explored in terms of flood management, especially 

flood risk assessment. The approach looks into the resiliency of the community to flooding events 

in a certain location, how the community perceives their flooding knowledge, what the community 

perceives their flooding knowledge to be, how they deal with or adapt to floods, and many more 

unexplored types of knowledge that might contribute to assessing the probability of flooding. 

Further, community experiences of flooding may provide very good and detailed information that 

captures a valuable understanding of flooding’s consequences. The diversity of reasoning in how 

a community reacts to flooding also could provide comprehensive information to the decision 

makers who plan for flood management. Here are some examples of community perceptions that 

center on what people are concerned about during flooding. These comments are from people 

talking about flooding in Makassar City, as they discuss elements that shape their decisions 

during flood events. 

“I would rather not evacuate myself when flooding comes, because I will lose more due to 

looters when we are abandoning our houses.” Arisandi (2013)1 

Arisandi’s main concern was the security of his house and not the flood itself. In other words, 

the indirect impact of floods has become more important to him to deal with, leading him to 

not wish to evacuate himself and his family during floods. 

“When the rainy season comes, especially December to January, I have anxiety about 

flooding, every time we have continuous rain for more than three days, I am always 

checking the street and the drainage to see whether it is overrunning or not. My 

neighborhood had not been flooded for several years since they built the new canal 

system, but last January my house got flooded up to my calf.” Naufal (2013)2  

Naufal always feels threatened because of his past experiences of living in a flood zone, so 

being aware by monitoring the drainage system becomes his priority during the rainy season.  

“I lived in Bung Complex – Tamalanrea, this is one of the worst flooding areas in the city, 

usually we had around 1.5 meters of inundation around December to January, so I need 

to be at home during this period to move stuff (rice, mattresses, and clothing) to the 

ceilings and move my motorcycle to my family house. However, one time I got back from 

another town, and I found my house already inundated.” Erwin (2013)3  

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Arisandi lives in the kelurahan (“village”) of Ballaparang community in Makassar City; this area usually gets 
flooded twice every year with 20–30 cm inundation. 
2 Naufal is a member of  the CV Dewi Community, an old settlement block in the Kelurahan Panaikang of 
Makassar City, where it is located close to the Panaikang River. 
3 Erwin’s community is the Bung settlement block, Tamalanrea-Makassar City, a relatively new settlement 
that used to be a swamp area, and floods every year.	  
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Population affected by flood events in 2009–2013 

	  540	  	   	  470	  	   	  2,058	  	   	  2,397	  	  

	  47,028	  	  

2009	   2010	   2011	   2012	   2013	  
Years	  

people	  affected	  

 

Erwin’s comment also shows how people think in terms of their awareness about the flood 

risk, as well as how they proceed and what kinds of action they prioritize when dealing with a 

flooding event. This example also shows their willingness to accept living in a flood risk area 

and to try to adapt to it, although it is not always clear whether taking such risks is voluntary 

or involuntary. These are only a few examples of the diversity of community perception in 

dealing with flooding events. All of the examples are from people who live in the same 

geographical context, which is Makassar City, yet each shows different perceptions of levels 

of flood risk, and each also reveals different types of vulnerability. Such perceptions can also 

identify other types of indirect problems that result from flooding, such as theft. In a risk 

assessment context, these perceptions can be explored to model some important factors in 

risk assessment such as hazard probability and flood impact.  

 The main focus of this study is to analyze a specific tool that could be used to explore 

people’s perceptions for the purpose of assessing flood risks. In order to provide background 

for this study, Section 1.2 describes the local contexts of flooding conditions in Makassar 

City.  

1.2 Makassar Flooding  

This section briefly describes Makassar City’s flooding problem, which motivated this study. 

Makassar has seen an increase in flooding impacts, not only on humans but also on their 

property. This situation can be seen in a 2013 report of the Makassar City Board for Disaster 

Management (BPBD-Makassar). Figure 1 1 displays some information on the population affected 

by flooding events between 2009 and early 2013 in Makassar City (Jusman, 2013). 

 

 

 

 

 

 

 

 

 

Figure 1. Number of people affected by flooding events 2009–2013, Makassar City  
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The figure shows a trend of increasing affected population from 2009 to 2012 with a significant 

jump in the early part of 2013, when the number reached 47,028 people or 12,251 households. At 

the same time, accounted losses or damages to private property (houses) rose to 10,879 units. 

Other impacts that have been observed by the board include dysfunctions of public property such 

as roads, school buildings, and offices; power outages; disturbance of daily economic activities; 

increasing environmental problems due to the suspended material in the flood waters, and 

increases in related health problems (scarlet fever, flu or fever, respiratory and throat infections, 

skin problems, etc.).  

 Flooding events in Makassar occur during the rainy season, which usually runs from 

November to February, but sometimes extends into March or early April. The rainy season has a 

significant increase in rainfall intensity and duration compared to the dry season. The dramatic 

increase of rainfall during the rainy season in Makassar City is shown in Figure 1.2 below. The 

data come from the Indonesian Meteorological, Climatological, and Geophysical Agency (BMKG, 

2013) for Makassar City rainfall in the 12 years from 1997 to 2009. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Monthly rainfall averages for Makassar City, 1997–2009 

The figure shows that the monthly rainfall average varies greatly, from 5.2 mm to 692.1 

mm/month. Moreover, the data also show a significant increase of rainfall in December to 

February, months with a high intensity of rainfall. During the peak of the rainy season, the rain 

may fall intensely for three days, or even up to one week without stopping. This peak usually 

begins at the end of December to mid-January, and flooding events usually occur during this 

period.  
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 Besides the high intensity of rainfall, two major rivers affect flooding in Makassar. The city 

stretches between two watersheds that accommodate two major rivers, Je’ne Berang River and 

Tallo River. Both of the rivers cut across the city from the northern part and the southern part to 

the east, and end in the Makassar Straits. In the rainy season, both of the rivers frequently 

overrun their banks and inundate some areas along the riversides. According to Jusman (2013), 

some areas that are frequently flooded are Antang-Manggala, Panakukkang, Tamalanrea, 

Biringkanaya, Minasa Upa, and several other spots. Besides the high intensity of rainfall and 

these two rivers, drainage system problems are another contributing factor. Jams caused by city 

garbage can block drainage, and the drainage system is inadequate to serve the whole city, as it 

is only able to capture around 56% of the city’s runoff water.  

 The national government of Indonesia has already addressed flood management in 

Indonesian Law No. 24, 2007, which is about the need for disaster management action, and 

Indonesian Government Regulation No. 21, 2007, which is about the implementation of disaster 

management. Nevertheless, there is still no national standard for assessing the general risk or 

more specific risks due to floods. So every province or kabupaten has its own method and 

standards, mostly developed in response to the regional characteristics, data availability, and 

available government funding, including expert availability. Because of such obstacles, I would 

like to make my small contribution to the Makassar City government in particular and, more 

generally, at the national level, through this study on the application of a method to measure flood 

risk. This study, therefore, is aimed at analyzing a method that may be able to make use of “non-

mainstream” data sources. Mainstream data are the types of data that are usually needed for 

hydrological analysis such as data on land geomorphology, topography, slopes, watershed, 

climate, and so forth. The non-mainstream data that this study is built on are people’s perceptions 

of flooding, which I hope can serve as an alternative method or technique in measuring flood risk.  

 Flooding itself is a complex phenomenon because it is the result of combinations of 

multiple factors such as environmental properties (hydrology, geology, and meteorology) and 

human activities in a particular geographic location. One approach that allows us to deal with 

complex problems with multiple parameters or where there are limitations on statistical 

measurement – such as when dealing with the diversity of perception – is the analytic hierarchy 

process (AHP). The AHP works by converting qualitative values (subjective measurements) into 

relative values (Olson, 1995). This AHP approach first was introduced by (Saaty, 1977), in the 

Journal of Mathematical Psychology, and followed by various publication later (Saaty, 1987, 

2001a, 2001b; Saaty & Vargas, 2012) who proposed three main principles in applying AHP as a 

new approach to making decisions in a complex world: hierarchy construction, priorities 

establishment, and logical consistency. 
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1.3 General Framework 
The main objective of this research is to apply the AHP technique to use people’s 

perceptions to measure the flood risk in Makassar City, where it could serve as an alternative 

model for assessing the probability and consequences of flooding, and perhaps suggest 

alternative actions for reducing the flood risk. 

The second objective is to evaluate the alternative model in terms of how it works and how it 

will address the diversity of perception, but the study is not intended to provide a typical or 

representative description of community perception. 

Chapter 1   Introduction. This chapter describes the logical framework, including why I am 

doing this research, what the research objectives are and what the research 

questions are and also provides some important definitions that used and applied in 

the study.   

Chapter 2  Risk Assessment. This chapter is a literature review on risk assessment, which 

describes various techniques for assessing risk in general, and flood risk in 

particular. This chapter also includes the concept of risk adopted in this research 

and applied in the hierarchy model. 

Chapter 3 Methods and Data. This chapter discusses the general methods for assessing 

flood risk, as well as introducing the AHP methodology and describing it step-by-

step. The chapter also introduces the concepts of relative measurement, pair-wise 

comparison, the fundamental scale 1–9, and multiplication up to hierarchy.  

Chapter 4 Flood Risk Assessment Model. This chapter describes the flood risk model that 

has been developed using the AHP including all the elements, how to feed the 

model with data and information, instructions for capturing informant information 

(pair-wise comparison), as well as guidelines on how to elicit the informants’ 

responses. 

Chapter 5  Results and Discussion. Chapter 5 is a discussion of the findings of the applied 

model (which is described in Chapter 4). The discussion explores the diversity of the 

respondents’ responses and includes some analysis to investigate why those 

responses are different.  

Chapter 6  Conclusion & Discussion. The final chapter of the dissertation addresses some 

issues related to the stages of this research, particularly addressing the research 

questions. 

1.4 Basic Definitions  
In general, terms such as “risk,” “floods,” and “hazard” that are intensively used in this 

research have been widely used in many scientific fields and literature. However, many such 

terms have different definitions and reflect different concepts depending on the approach and the 
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global view of each field. Therefore, it is important to define all of the basic terms that are used in 

this research to clarify the concepts that this research refers to. The following sections provide my 

definitions of “floods,” “hazard,” “risks and flood risks,” and “vulnerability” for the purposes of this 

study. 

1.4.1 Floods 

Most scientists define floods or flooding as a natural phenomenon of the environment 

leading toward equilibrium. One of the earliest modern scientists and widely known geographers 

(White, 1942) describes floods as hydrological phenomena of rivers, and defines flooding as the 

mean of any stream flow that surpasses the average stream flow, even if the water does not 

overflow the river banks. Similarly, more recent scholars such asKeith Smith and Petley (2004) 

describe all floods as a temporary condition when land that is not normally submerged gets 

inundated due to an increase in a body of water. Hyndman and Hyndman (2011) define floods as 

a state of water that enters a stream and causes the stream to overload its channel capacity. The 

Indonesian National Agency on Disaster Management (BNPB, 2012) defines floods as an event 

or situation where an area or land gets inundated because of an increase of water volume. 

A flood, in this research, is defined as a condition in which water inundates a land area 

(normally not inundated) for a certain period of time and to a certain depth. Mostly, the 

floods that this study looks at are caused by the inability of drainage systems (rivers, canals, 

conduits, or water channels) to drain the area when heavy rain occurs.  

1.4.2 Hazard 

While a hazard is widely known as a phenomenon dangerous to human populations, a 

more detailed definition was provided by the United Nations: “A dangerous phenomenon, 

substance, human activity or condition that may cause loss of life, injury or other health 
impacts, property damage, loss of livelihoods and services, social and economic 

disruption, or environmental damage” (ISDR, 2009, p. 25). A hazard is usually measured in 

terms of quantity, such as frequency and intensity. Pine (2008) describes hazards as potential 

threats to various aspects of human populations and their environments, including economies, 

social aspects, and property (natural capital), in a spatial/geographic scale (e.g., a region or 

country). Cutter (2001, p. 2) proposed a wider meaning of hazard when she defined it as “a threat 

to people and the things they value.” The hazard itself consists of two major elements: the 

potential and the impact on people and places. All of these definitions usually divide hazard into 

three major categories, which are natural hazard, human-induced hazard (technological hazard), 

and a combination or interaction between natural hazard and human-induced activities. Adapting 

these concepts, then, flood hazard in this research is defined as a flooding event that threatens 

human populations and their property. 



	   8	  

1.4.3 Risk and Flood Risk 

Risk in this context is defined as hazard probability and its negative consequences, and 

as a mathematical function as: 

R = Ph x Cn                    (eq. 1) 

Where: 

R = Risk 

Ph = Probability of the hazard 

Cn = Negative consequences 

 

Keith Smith and Petley (2004) describe risk as the function of hazard probability with elements at 

risk and vulnerability, using two factors to develop the hazard consequences: the elements at risk 

and their vulnerability. Currently, the concept of risk as widely used by international non-

governmental organizations (NGOs) or international consultants to develop risk reduction projects 

in developing countries mostly focuses on reducing vulnerability by increasing community 

capacity. 

Therefore, in this study, flood risk is defined as the probability of flooding events and 

their negative consequences for human populations and their property. The term “risk 

assessment” in this research is used to describe the process of evaluating responses and 

measuring responses of the community to determine the flood risk level in the study sites.   

1.5 Research Questions 
Starting with my thinking about community or public perceptions of risk, which is that it could 

become an alternative source of data and analysis for assessing natural hazards, particularly the 

flood hazard, I developed the main question that has shaped my research: 

“How can people’s perceptions (individual, community, or public perceptions) of risk be 

explored scientifically as an alternative method for managing and assessing the flood 

hazard?” 

To answer this main question, then, I chose an analytic method that could incorporate qualitative 

and quantitative measurements, which is the analytic hierarchy process (AHP). The AHP is the 

main analysis platform I use to assess the flood risk based on a general definition of risk (risk 

equal to hazard probability and negative consequences). 

In order to study people’s perceptions with the AHP model, I developed several working 

questions: 

• How can the AHP be used in measuring the flood risk? Can the AHP model the flood risk? 

How could a flood risk model be developed with AHP?  

• How can the AHP use/incorporate people’s perceptions in the assessment of risk? 
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• How consistent and accurate are people’s perceptions of flood risk? How can the level of 

consistency and accuracy be taken into account in flood risk measurement? 

To address these questions, I began with three main assumptions:  

• People who live in hazard-prone areas have experience and knowledge that are invaluable 

information sources. Their experience and knowledge represent their resiliency, capacity, and 

vulnerability, as well as their understanding of the area’s conditions, which can be used as 

basic risk components in analyzing or measuring the actual risk. 

• One way to represent the likelihood of a risk is by using priorities, which can be elicited as 

part of people’s perceptions. Moreover, the general risk definition adopted in this research is 

the probability and negative consequences of a hazard, where priorities that represent the 

likelihood of a hazard in people’s judgments will be captured using pairwise comparisons of 

risk components.  

• Breaking down the flood risk problems that correspond to the general risk concept into risk 

components and restructuring them into a multiple objectives hierarchy model could help in 

understanding flood risk factors more comprehensively, which could lead to better 

assessment using people’s perceptions of risk. 

All of these assumptions, along with the main and working questions on flood risk assessment 

models, have led me to another question about the application of the AHP model to the flood 

hazard problem in my hometown of Makassar City, Sulawesi Province, Indonesia: 

  

By using the AHP to analyze the community’s and stakeholders’ perceptions of flooding events, 

what can be learned about the flood risk in Makassar City? Specifically: 

• What is the likelihood of a flooding event in Makassar City? 

• What are the impacts of floods on the community in Makassar City?  

• What is the geographical extent/spatial pattern of the flood risk in Makassar City? 

1.6 Expected Outcome 
The expected outcome of this study is a demonstration of the AHP using the community 

perception of risk applied to measuring the flood risk for an area that has many limitations on data 

availability, budgets, and human resources. In more detail, the outcome will be a flood risk 

assessment that is based on community perceptions and that can be used to measure flood risk 

and, in the long run, to mitigate the flood hazard. 
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CHAPTER 2. REVIEW ON RISK ASSESSMENT 
 

2.1 Introduction 

Evaluating the probability of the occurrence of hazards with a certain degree of 

consequences has become a major concern for many decision makers all over the globe. Risk 

assessment is the term that is widely used for this type of effort, where people are trying to 

quantify the possibility of a hazard’s occurrence to get a comprehensive and better understanding 

of the hazard, by asking questions such as: What are the major threats? When will it probably 

strike? What are the major consequences? Studies on risk have become increasingly elaborate 

along with the development of technology. New methods, concepts, and approaches have been 

interwoven with various standards and guidelines, as well as various tools and equipment, for 

assessing risk. This chapter provides a general, broad overview on risk assessment and related 

concepts before going into a more detailed review on techniques for assessing flood risk. 

2.2 What is Risk? 

Sometimes it is hard to differentiate between risk and hazard, as the terms and concepts are 

intensively used and interwoven with each other in disaster management. However, risk and 

hazard can be distinguished easily using the analogy of people who want to cross the ocean. If a 

group of people wants to cross the ocean and they have two transportation options, a small 

paddle boat or a big boat, hazard in this context will be a wave or storm that could sink the boat 

and drown them. Both types of boat will face the same hazard. However, each of the boats will 

have a different level of risk due to the boats’ different characteristics. The bigger boat is likely to 

have more stability and so reduce the risk. On the other hand, the small boat is less stable and so 

it increases the risk. Furthermore, risk in this context is the likelihood of each boat’s sinking due to 

the boat’s instability, while sinking can be consider as loss or negative impact. As this example 

shows, risk is related to the likelihood that a hazardous event will produce certain kinds of loss 

(Okrent, 1980). 

Risk and hazard have been studied broadly by various institutions, sectors, and 

academics/scholars, who have produced many risk conceptualizations and definitions. Defining 

risk is an important task in risk assessment or risk management because a clear and firm 

definition, can help lead to clear objectives, vision, and strategy in dealing with the risk itself. This 

section discusses some concepts of risk and how people define risk according to their approach, 

method, and context.  

2.2.1 General and mainstream definitions 

The first recorded use of “risk” according to the Oxford Dictionary was in the mid-17th 

century. It comes from the French word risque (noun) and from the Italian word risco, which mean 
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a situation involving exposure to danger. FEMA (2013), a federal institution that works closely 

with disaster in the US, defines risk as the likelihood of a threat that would harm humans and 

assets with a certain level of severity. The United Nations (ISDR, 2009) describes risk in a 

broader way, as a combination of the probability of an event and its negative consequences. 

Neither of these definitions take into account the underlying causes of an event, although different 

hazards and conditions will result in different risk characteristics.  

An interesting approach to risk definition was provided by Fernandez and Lutz (2010), where 

the authors divided risk into three main aspects.  

1. First, they proposed a risk aspect based on the expected value. They described how 

people define risk by their evaluation of the expected negative consequences. The main idea 

of risk in this definition is estimating what is the biggest loss for a type of hazard when it 

occurs or for a decision that will be made. This also means that risk is defined as expected 

losses. For example, Anding, Muzhuang, and Bishan (2010) defined risk from volcanic 

eruption on the basis of its impact on the community and their environment by degree of 

exposure. Alberico et al. (2011) and Yang, Ding, and Hou (2013) defined risk in the context of 

terrorism as the expected negative consequences based on a combination of threat, 

vulnerability, and possible consequences.  

2. The second aspect of risk related to probability. In this category, scholars define risk by 

considering elements of probability, initiating events or scenarios, and consequences. Here, 

the probability of a hazard’s occurrence is also interpreted as relative frequency and a 

subjective measure of uncertainty. An example of this type of definition was given by Zou, 

Zhou, Zhou, Song, and Guo (2013), where they defined risk as a measurement of probability 

and severity of effects. Another example was given by Dang, Babel, and Luong (2011), who 

defined risk as consisting of two elements, which are consequences and probability.  

3. Third, a definition of risk can be based on uncertainties, such as where Aven (2011) 

addressed uncertainty as an obvious component of the concept of risk. For example, Finan 

and Hurley (2000), acknowledging uncertainty as an underlying factor in government work (in 

the United Kingdom), defined risk as referring to uncertainty of the consequences (whether 

bad or good) of events. In another example of risk definition that highlighted uncertainty, 

Tversky, Slovic, and Kahneman (1990) defined risk as a hazard measurement with 

quantitative methods that could be expressed using conditional probabilities. The conditional 

probabilities refer to the uncertainty of consequences, either positive or negative. This type of 

definition was also adopted by IRGC (2006) when they defined risk as uncertainty about the 

impact of an event or an activity on something that is valued by humans. 

The different points of view of these three types of definition would lead to different conclusions 

about further risk measurement. This can be seen by simply analyzing the risk of traveling by 

airplane and by car, where a definition using the expected value might come up with the 
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conclusion that traveling by plane has very high risk due to the negative consequences of a plane 

crash compared to a car accident. But people using a probability based concept might conclude 

that traveling by plane has a very low risk compared to traveling by car, due to the probability of a 

plane crash compared to the probability of car accidents. On the other hand, the uncertainty 

concept would give conditional probability, referring to the uncertain factors in both methods of 

traveling. Uncertainty about the transportation mode (car and airplane condition), the weather 

conditions (a storm, rain, clouds, etc.), and other factors such as passenger behavior or other 

drivers’ behavior might contribute to the risk of either airplane or car travel. 

In a recent work, Plate (2002) defined risk in the flooding context as an index of the relation 

between hazard consequences and planning decisions, using a simple integral formula as shown 

below: 

!" ! = ! ! ! !! ! ! !"
!

!

 

where (x) is the magnitude and !(!|!)  describes the function of the consequences, which 

depend on the magnitude (x), while D is the vector of decision that affects the consequences (K) 

of the event (x). !"(!|!) represents the probability or probability density function (pdf) or 

probability of failure in controlling/mitigating the hazard. Here, Plate used two types of decisions: 

decisions that influence the consequences of flooding and decisions that modify the “pdf” of 

floods.  

Keith Smith and Petley (2004) described risk as the function of hazard probability with 

elements at risk and vulnerability. They used two factors to develop hazard consequences, which 

are the elements at risk and their vulnerability. Currently, this concept of risk is widely used by 

international NGOs or international consultants to develop risk reduction projects in developing 

countries. It is not really clear who developed this method originally, but the earliest formula for 

risk equal to probability times consequences that I can find is by (Lowrance, 1976); Zou et al. 

(2013). In a simple mathematical equation, this risk is defined as: 

!   =   !!  ×  !!  

where risk is denoted as R and hazard probability as Ph, and possible negative consequences as 

Ci. In a more complex hazard or multiple hazards, this function can be expressed as: 

! = !!"×!!"

!

!

+ !!"×!!" +⋯+    !!"×!!"  

where R is the sum of all the hazard risk factors.   

 This study will try to elaborate this risk definition for assessing the flood hazards in 

Makassar City. 
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2.2.2 Other risk perspectives 

Another perspective that seems to be a trend, especially among social workers and NGOs, 

emphasizes the social process and internal capacity, rather than the hazard probability, in 

defining and measuring risk. An example was provided in a study by environmentalists and 

geographers Wisner, Blaikie, Cannon, and Davis (2003), in which they described risk as a 

combination of the factors that determine the potential for people to be exposed to particular 

types of natural hazard, which depend fundamentally on social systems and their power 

relationship on various social group. This definition addresses risk not just in terms of probability 

and consequences, but also in light of the interactions between humans and their ecosystems or 

environments.  

Yet another view of risk was developed by Amartya Sen (1981), who introduced a new 

perspective, particularly on risks associated with natural hazards such as drought and famine. 

Sen highlighted the human aspect, rather than just physical conditions or statistical probability, by 

bringing his concept of entitlement to approaches to famines and poverty. Sen described a lesson 

to be learned from famine events by showing that such disasters (famines) are not caused 

directly by nature itself. For example, a long drought or floods may cause crop failure or loss of 

livestock and might become a catastrophe if the community does not have the ability to cope with 

the hazard. This ability is related to direct or indirect access to critical goods and services (food, 

healthcare, sanitation, water, etc.). Coping ability is also related to external factors such as 

governments, markets, and other communities’ intervention. Sen describes coping ability and 

access as types of entitlements such as direct entitlement, exchange entitlement, and social or 

political entitlement; disaster or catastrophe is the failure of those entitlements. This view is 

noteworthy in the world of risk assessment, particularly for natural cataclysms, where most 

people consider only the biophysical environment in identifying, describing, and quantifying risks 

faced in a specific area; very few risk assessment models for natural hazards incorporate global 

politics, social aspects, or human vulnerability.  

2.3 Measuring Risk 

Risk assessments have been developed with various approaches and methods, and even 

more with many types of instruments to capture the element of risk as accurately as possible. In 

general, the measurement of risk is an act or process to evaluate and determine the likelihood of 

a single or multiple hazards and the possible consequences, either negative or positive, to the 

community that is exposed to the hazard. Conceptually, in assessing risk, one starts by 

identifying the hazards or threats that might occur, analyzing their cause or root cause, counting 

the possible consequences or impacts, and finally combining all the results into a risk index.  
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The various methods of measuring hazard risks mostly depend on the types of hazard and 

the risk concepts that are being applied. However, in general, most of the methods and 

approaches can be categorized as either quantitative or qualitative. 

 

a. Quantitative measurements 

Quantitative measurement of risk is a process to measure the level of risk on a numerical 

basis constructed from statistical measurements or quantified risk elements. Quantitative risk 

assessments also use certain measureable indicators and are mostly based on biophysical 

data for natural hazard analysis. The objective is to try to characterize the hazard and 

impacts, estimate the acceptable or tolerable risk level, and select efficient and effective 

policies to reduce the possible risk (Fernandez & Lutz, 2010). Moreover, in quantitative 

measurement, frequency become a probability or likelihood indicator; it is usually represented 

as the number of times of a hazard’s occurrence in a particular time frame. It also may be 

presented as a percentage of probability of occurrence (Saaty & Vargas, 2012). Keith Smith 

and Petley (2004) described quantitative risk assessment in general as based on hazard 

probability and its magnitude for calculation.  

 

b. Qualitative measurements 

Qualitative risk measurement refers to methods of measuring or assessing risk based on 

non-numerical values, where likelihood is usually described as high, medium, low, or 

intermediate. The consequences may be characterized as unacceptable, undesirable, or 

nothing/none (Ostrom & Wilhelmsen, 2012). Qualitative risk assessment also may use 

various indices such as historical occurrences/incidents and indices of external and internal 

risk factors. The overall risk is calculated using weighting techniques, where the weight of 

each of the indices will represent the contribution level of each risk element to the overall risk 

(Han & Weng, 2010).  

Moreover, there are many more risk assessment methods that have been developed and used in 

many fields of study. Which should be used is really dependent on the objectives, what the target 

is, who wants to perform the risk assessment, by whom it will be needed, and what accuracy level 

is needed. Even more, some institutions, governments, or companies have their own standard 

methods. Table 1 below shows the major risk assessment methods being applied by many 

institutions in various fields.  
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2.4 Risk Perception 

Long before the theory of risk was defined, humans already lived with danger, and they 

got used to measuring it and being aware of it. It is basic to living things to sense and avoid 

harmful environments or develop fundamental functions to survive in them, and humans have 

their own abilities to modify their environments (Slovic, 1987). Human experiences in various 

hazard exposures have evolved our ways of thinking on how to identify risk factors, and how to 

mitigate them. Past disaster experiences combine with human knowledge, continuing to shape 

human understanding of risk, and this becomes an element of culture and behavior in human 

development.  

Measuring risk is already embedded in human genetics; our brains will calculate every 

condition based on instinct, intuition, experience, and knowledge. Upon deciding whether a 

condition is safe or risky, people can take any decision necessary. How our brains approach risk 

is divided into two concepts: risk as feelings and risk as analysis. Risk as a feeling is based on 

our reaction to danger by instinctive, intuitive, or fast reactions. Risk as analysis is based on the 

application of logical thinking, reasoning, and scientific consideration of how to manage hazards 

(Slovic, Finucane, Peters, & MacGregor, 2004). Most people, when it comes to taking an action 

or making any decisions related to hazards, will base their responses on their personal 

experiences and perceptions of the hazards (Keith Smith & Petley, 2004).  

Today, billions of dollars have been put into developing knowledge and technology to 

apply to predicting the probability of hazards, and even more investment has gone into mitigating 

hazard risks. However, many risk analysis and risk management applications focus only on 

physical technology development that uses various sophisticated tools to sense the environment. 

Not so many explore the natural abilities of humans to sense, adapt, or modify their environment 

to avoid danger, that is, the human perception of risk as individuals and the public perception of 

risk as communities or groups. One big problem is that not every nation, company, or community 

group can afford a high investment in technology to measure and manage risk. There is a 

question of how much a society wants to spend its money on managing risk. On the other hand, 

because communities exist within risk areas where they have been able to adapt and survive, 

past experiences of various disasters such as tsunamis, volcanoes, floods, and earthquakes have 

made societies resilient to such hazardous events. Unfortunately, this knowledge is rarely 

explored as a tool for assessing and managing hazard risks. People argue over whether 

perception of risk is a scientifically acceptable way to assess risk. Starr (1967) is one of the 

earliest modern scholars to have shown that perceived risk can be quantified, which he did in a 

comparison between technological risk and its social benefits. Slovic (1987) introduced a 

technique called the psychometric paradigm in which risk was quantified by people’s judgments 

on the state of the risk and the desired riskiness of various hazards as well as the desired action 

level for each hazard. One recent study in risk perception showed a good correlation between 
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experts’ risk assessments and public perceptions of the risk of flooding on the coast of Belgium 

(Kellens, Zaalberg, Neutens, Vanneuville, & Maeyer, 2011). The researchers first used experts’ 

risk assessments on flooding to select the areas of study, and then they captured public 

perceptions in each area using a proposed scaled perception scenario. Another method was 

introduced by Saaty (2001a), using his analytic hierarchy process (AHP) with pairwise 

comparisons to measure and quantify perceived risk to decide among alternative actions to 

reduce the hazard risk. 

2.5 Risk: Uncertainty, Probability, and Priority 

 One challenge in assessing hazard risks is real world complexity, which always involves 

uncertainty. We may think that we have already counted every component that might be involved 

in a hazard; however, there are always intangible situations or conditions that contribute to any 

risk prediction or risk assessment. One contributing factor is that, because most of the risk 

assessments rely on past events to predict the probability of hazards in the future, there are often 

insufficient data to represent the hazard risk and take any surprising factors into account. Another 

contributing factor is the lack of understanding of interdependency or interaction between factors 

or events, because people usually deal with one factor of complexity at a time. Assumptions 

about probability also might contribute to the uncertainty in a risk analysis, because we might 

think that we already understand an overall condition based on analogy with things that we really 

understand. Such a situation can be worsened by lack of knowledge on an event that prevents us 

from simulating it or determining probability properly (Saaty, 1987). A better judgment method to 

understand the complexity of the real world is needed. 

 Lack of data or information in risk assessment will lead to uncertainty and, even worse, 

could produce flaws in predictions of potential risk. Analyzing uncertainty in risk assessment, 

then, can help our understanding by characterizing the possible risk from any possible exposure, 

and it also can help in determining the range of potential risks that could result from a judgment or 

a decision. In public policy, incorporating uncertainty analysis into a decision making process 

sometimes will increase the decision’s credibility and transparency, enhancing public trust in the 

decision making process and results (NRC, 1994). Moreover, according to Saaty (1987), in risk 

assessment models that are based on the probability concept, uncertainty usually is divided into 

two types, uncertainty about the event’s occurrence and uncertainty about our judgment’s range. 

We can definitely measure or control the second factor because it is related to ourselves, while 

the first type of uncertainty is beyond our control.  

Probability in risk assessment usually means either absolute probability – a condition 

where all variation of event likelihood is included, even if the probability is almost zero – or 

relative probability – probability from comparison of various risk levels or the probability of a 

hazard risk relative to another hazard risk. Most risk assessments will produce relative probability 
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unless one of the factors is an absolute probability. However, these two types of probability in risk 

may produce confusion in risk interpretation, especially when comparing a high probability but low 

impact event with a low probability but high impact event. Baron (1997) claimed that people tend 

to have under sensitive judgments when the assessment yields relative probability of risk. His 

study on how people react to relative risk and absolute risk in term of national budgets for risk 

reduction showed that people respond more strongly to a fixed number of lives to be saved than 

they respond to the same number of lives represented as percentages, and this tendency can 

lead to excessive amounts of budget allocation for small risks.  

Yet, in modern risk analysis, it is necessary not only to analyze the event likelihood or 

impact likelihood, but also to determine what is critical or important if the event does occur, in 

order to make decisions about whether to take a risk or not and to make any necessary 

preparation. This is where the element of priority comes into risk assessment, because people 

can decide which factor would have more influence than other factors when they are analyzing a 

risk. The concept of priority may give a better understanding of the real problem of complexity, 

because it can describe the risk factors’ interdependency more comprehensively than just relying 

on probability alone (Saaty, 1987). 

2.6 The Analytic of Hierarchy Process 

 Using people’s perceptions in an analysis, particularly in assessing hazard risk, is a 

challenge due to conceptual and technical issues such as the consistency of people’s 

perceptions, how to judge or measure a perception of risk, how to incorporate the perception itself 

into an assessment method, and many more, as described above. Saaty (1987, 2001) developed 

a tool to support decision-making processes by breaking down complex problems into 

components and placing them into a hierarchical structure according to their objectives. In order 

to see interconnections between each parameter or component and the main goal, or among the 

components themselves, pairwise comparison was deployed. He later called this method the 

analytic hierarchy process (AHP). Furthermore, the AHP can be considered a general 

measurement technique; it uses either absolute measurement or relative measurement 

techniques in its analysis. Absolute measurement, or scoring/rating, is a technique for making 

comparisons between things and our standard memory (experiences), and it is applied to rank 

components according to their rating. Relative measurement is pair comparison between 

components according to a common attribute or property that both paired components have in 

common in the hierarchy. The AHP also generates ratio scales from comparing paired elements 

in a hierarchical structure (Saaty, 2001b).  

Since then, the AHP has been widely studied and used in various applications, sectors, 

or fields such as economics, health, engineering, public policy, environment, conflict resolution, 

and also in disaster mitigation and management, as described by Zahedi (1986), Olson (1995), 
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and Saaty and Vargas (2012). Recently, people have started to categorize the AHP into decision 

analysis tools and have been using it for analyzing multiple criteria and complex issues/problems 

or multiple objectives, and to deal with uncertainty as well. In more detail, the AHP has been 

applied in flood risk management and assessment, especially in order to derive weight and rank 

of risk components. This has been done either by using just the AHP analysis (Dang et al., 2011) 

or by combining the AHP with another analysis method such as geographical information systems 

(GIS) (Anding et al., 2010; Fernandez & Lutz, 2010), or AHP and fuzzy analysis (Yang et al., 

2013; Zou et al., 2013). Studies on flood risk using the AHP have mostly involved bio-geophysical 

data components such as topography, climatology, geology, and population numbers, 

distributions, and densities. It is hard to find any study that has used human perception as a 

valuable source of data/information to assess flood risk. 
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CHAPTER 3.   METHODS AND DATA 
	  

3.1 Introduction 

One of the biggest problems in understanding risk and hazard is the complexity of real 

world systems. More advanced devices, tools, and techniques have been constantly developed in 

order to capture any phenomenon in this world and to record it as data in various types and 

format. Statistics are usually used to capture the natural rhythm of phenomena, yet the available 

and captured events are always inadequate to represent the real world, which contributes to the 

lack of accuracy of any prediction or assessment. Another obstacle in assessing the place that 

we call home (the world environment) is that there is no general method; different variables use 

different measurement techniques and will produce various measurement units that sometimes 

are hard to compare or to combine to get a comprehensive overview of the place, phenomena, or 

issue being studied. 	  
Fortunately, finding solutions or better ways to understand an issue or problem is human 

nature, and this yields a lot of methods, techniques, or approaches, particularly for analyzing the 

nature of a complex situation. The analytic hierarchy process (AHP) is an example of a tool to 

deal with the complexity of producing decisions in complex situations. The AHP is a method that 

attempts to imitate human rationality for decision making. It offers organization of knowledge, 

simplified structures for understanding the issue, and consistency, and it involves human logic 

and intuition as well as experience. The analytic hierarchy process (AHP) is a framework that can 

help to break down the complexity of an issue into elements, and structure all the elements into a 

hierarchical order that models the complex system. Each element also has a certain value that 

represents a judgment of the likelihood of its level of importance to others, which characterizes 

the element’s influence over other elements in a system (Saaty, 2001). The ability of the AHP to 

analyze, structure, and prioritize a complex problem is the reason that I chose this method as the 

main framework to measure the flood risk in a coastal and urbanized area in Indonesia.	  
This chapter describes the general approach of this research. It provides information about 

the study area, and then discusses the general framework and introduces the AHP, along with an 

explanation of how to develop the AHP model and how it can be used to analyze the flood risk 

problem. In more detail, this chapter deals with the basic steps of the hierarchy process, 

establishment of priorities in dealing with the flooding problems, how to synthesize the judgments, 

and the process of estimating flood risk.   

3.2 General Approach	  

To address all the research questions in Chapter 1, I propose an approach to assessing the 

flood risk that is described in this section.	  
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3.2.1 Study sites 	  
This section is a brief description of Makassar City, South Sulawesi Province, Indonesia, as 

the study site, where the main research was conducted. Geographically, Makassar City is located 

at 119º24'17'38” East and 5º8'6'19” South with an area coverage of 175.77 km2. Administratively, 

it consists of 14 kecamatan (administrative regions at the subdistrict level) and 143 kelurahan 

(village-level administrative regions) (PEMKOT-Makassar, 2009).	  
Makassar City also serves as the capital city of South Sulawesi province. The northern part 

and the eastern part of Makassar City are bordered by Kabupaten (district-level administrative 

region) Maros, while the south shares a border with Kabupaten Gowa. On the west side is the 

Makassar Straits, as shown in Figure 3 below.	  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Makassar City maps 

Makassar is one of the five biggest cities in Indonesia, with 1,272,349 inhabitants and a 

density of 7,238 people/km2. The economy of the city is mostly based on business, hotels and 

restaurants, processing industries, transportation, and communication. 	  
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For the purposes of this research, the study area is divided into four (4) proposed zones, 

based on geographical setting and flood characteristics, as shown in Figure 4 below. 	  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Proposed zones for study area in Makassar City maps 

The proposed zones are:	  
• Zone A is the area located within 150 meters of the main two rivers. The area is mostly 

flat and some spots are below sea level. Usually, this area is exposed to high flood 

inundation (above 1 meter, which is higher than an adult’s waist). The area includes 

ANTANG, BTP, and Perumahan Bung (heavy and dense population). 

• Zone B is an area that is located between 150 to 300 meters from the main bodies of the 

rivers/canal or lakes/ponds. The area includes housing blocks ANTARA, HAMSI, 

Asalmula, CV Dewi, and Andi Tondro St. Zone B usually is exposed to medium floods 

(between 30 cm to 1 meters).  
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•  Zone C is located between 300 to 500 meters from the main rivers, especially Je’ne 

Berang and Tallo Rivers. The area includes Yos Sudarso St., Erintis Kemerdekaan St., 

Pelita Raya St., Racing Center St., and Ap. Pettarani St. This area faces floods with low 

inundation of around 30 cm, but with high intensity. 

• Zone D is the area adjacent to the sea and around 500 meters from the shoreline. The 

area spreads over the west part of the city from the southern to the northern tip of the 

city. It includes Nusantara St., Penghibur St, Ujung Tanah, and Tanjung Bunga sectors. 

3.2.2 General framework 	  
This study was developed in a general framework as described below, in order to help the 

researcher in organizing and managing the study. The general framework of this research 

consists of two major elements, which are: 

1. Model building	  
In this step, the researcher develop the model based on the AHP concept, which includes 

identifying the main goal and the hierarchy elements, defining the questions, and 

definitions, as well as structuring the hierarchy. 

2. Model application	  
In this second step, the researcher brought the model to the community to capture their 

perception. This means that the community (called as participants/respondents) will be 

interviewed and asked for their perceptions of flood risk. The respondents will be led by 

direct questions to make a pairwise comparison between each element in the model. The 

aim is to collect a diversity of perceptions for valuing the flood risk in their area.  

The two elements are described in more detail in the following subsections.	  

3.2.2.1 Model building 	  
The initial phase of this research is to develop a risk assessment model based on the risk 

definition adopted in this research, which is: 	  

Risk = Probability x Consequences	  

This means that the model will have two major elements, which are the probability of hazard 

occurring in a certain geographical context within a certain length of time, and the hazard’s 

consequences. Furthermore, the model development is based on the Analytic Hierarchy Process 

(AHP), which is divided into several phases, which are: 	  

a). Setting the goal/objectives	  
The hierarchy model must have its goal or objectives, which will be divided into several 

levels as needed, such as the overall goal and subgoals. In order to set the objectives, 

usually people make a list of objectives in which they can identify all the possible and tangible 

goals, identify the alternatives, and predict any consequences, obstacles, or shortcomings. 
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So, this phase is to identify and list all the objectives, organizing them into a structure that 

refers to the main goal, and it has a tangible product.	  
There are several steps that can help to develop the goal/objectives of the model, as 

shown in Table 1 below.	  
Table 1. Skills/techniques that are needed to develop/set the model goals/objectives.	  

Skill	   Description	  
Identifying goals and developing a 
wish list	  

Defining what will be the value of the research, what I 
want to do, how will it proceed, is it tangible?	  
What is the overall goal? What is the subgoal? etc.	  

Considering potential problems, 
obstacles, and shortcomings	  

Defining all the potential problems, obstacles, or 
shortcomings in doing this research	  

* Source: Saaty, 1987 (modified) 	  
Bodily (1985) describes a method to measure the hierarchy objectives that can be used in 

testing the set of objectives. In his description, a planner who builds an AHP model should 

aim to do the following:	  
• Make sure the objectives are complete (all the important factors are included)	  
• Minimize the redundant goals in each element	  
• Minimize ambiguity in each element (check for comprehensiveness)	  
• Make sure each element is measurable 	  

b) Structuring the hierarchy 

Once the objective list has been developed, then the next step is to develop the hierarchy 

or structure the hierarchy, which means to organize all the objectives and break them down 

into more detailed components to clarify what the achievement will be, and how the analysis 

will proceed. Here, it is also necessary to identify the fundamental objectives; that is, which of 

the objectives could lead to achieving the other objectives. Once the fundamental objectives 

are identified, the next step is to develop the main hierarchy. At the top of the hierarchy or the 

apex is the overall objective, while lower levels will describe important components of the 

upper hierarchy level. Below is a simple example that might be constructed as a flood risk 

model in an urban city.	  
- Level 1 (the top level) “reducing flash flood risk,” and 	  
- Level 2 (the lower level), with three objective components: “minimizing loss of life and 

injuries,” “minimizing property loss,” and “minimizing productivity loss.” 	  
The three components in the second level of the hierarchy are the fundamental objectives, 

which describe more specifically the meaning of “reducing flash flood risk” in the upper level 

of the hierarchy.  
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Reducing flash 
flood risk	  

Minimizing life loss 
and injuries	  

Minimizing 
property loss 	  

Minimizing 
productivity loss 	  

 

	  
 

 

 

 

Figure 5. Example of a hierarchy structure for reducing flood risk 

A more detailed technique for developing a fundamental-objectives hierarchy structure is 

to create a set of questions to work on the hierarchy, either top to bottom or bottom to top, as 

described below:	  
• “What do you mean by that?”	  
Example: “What do you mean by minimizing life loss and injuries?”	  
The question form helps the researcher to give proper, clear, and consistent definitions of 

each aspect of the variables or components in the hierarchy levels.	  
• “Why is this important?”	  
Example: “Why is minimizing the loss of life and injuries important?”	  
The second question form is to help in tracking the connections between each 

component in the hierarchy by checking their contribution to other components and to the 

overall goal. 	  
• “How could you achieve this?”	  
Example: “How could you achieve reducing minimizing life loss and injuries?”	  
This third question form helps the researcher to keep focused while dealing with the 

means of objectives in the hierarchy development.  	  
   

c) Setting the priorities 

The next step after structuring the hierarchy is setting the priorities of each component 

based on judgment, which in this research is also called perception. There are three key 

elements in structuring the priorities that need to be developed:	  

• Pairwise comparison	  

Priority setting will be based on the community perception of how they prioritize each 

element in the hierarchy model. Saaty (2001a) proposed using pairwise element 

comparison to deal with priority judgments in a complex model. This kind of comparison 

would be of help in finding essential connections between each element, so the decision 

makers or informants will have a comprehensive understanding of the complexity and will 

be able to give their own priorities/judgment based on their experience, knowledge, and 
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level of expertise, or based on data or information that they have combined with their 

logical thinking. 	  
The pairwise comparison will be started from the top of the hierarchy model and 

arrange all the elements (to be compared) into a comparison matrix, as shown in Table 2 

below. 

Table 2.  Comparison matrix sample  

Columns/
rows A B C D E F 

1 Xi /Xj X1 X2 … … Xn 
2 X1 1 X1/X2 … … X1/Xn 
3 X2 X2/X1 1 … … X2/Xn 
4 … … … 1 … … 
5 … … … … 1 … 
6 Xn Xn/X1 Xn/X1 … … 1 

 

The elements that are to be compared are represented as Xi to Xn in the table. Each 

cell represents a pair comparison judgment. Number in each cells is representing 

dominance of the row element over the column element. In the cells B2, C3, D4, E5, and 

F6, the value is equal to one (1). This is because the criterion was compared with itself, 

and 1 means the criterion has an equal likelihood or equal importance level. Other cells, 

such as C2, will represent the judgment value of X1 vs X2; cell B3 is the reverse of cell 

C2, showing X2 vs X1. For example, if X1 vs X2 in cell C2 is equal to 9, than X2 vs X1 in 

cell B3 should be 1/9.	  

• Priority questions 	  

Leading questions are needed to guide the respondents to make the pairwise 

comparisons correctly. This is important because respondents need to know in what 

manner the components or the criterion are being compared. This process also may help 

keep the judgments consistent and accurate. The leading questions’ main point is to elicit 

respondents’ perceptions of each pair of criteria in terms of which one is more likely or 

more important than the other. Therefore, these leading questions will have a very 

important role in the success of any application of the AHP model. So, it is essential to 

check all parts of the leading questions; for example, the language and terms that are 

being used need to be clearly defined; the terms should be local so everybody can 

understand them (i.e., not only experts but also people in general). 
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Urban 
Floods 

Coastal 
Floods 

• 1–9 Fundamental Scale	  

Robust and consistent judgments in the pair comparison between each element are 

fundamental. To be able to get a consistent judgment, this model is grounded on the AHP 

fundamental scale for pairwise comparison (see Table 3.3) where Table 3 below defines 

the points on the scale of 1–9 for respondents to make the pair comparison at each level 

of the hierarchy. 

Table 3. Saaty’s 1–9 fundamental scale	  
Importance level	   Definition	   Explanation	  

1	  
	  

Equal importance	  
	  

The two elements have an equal 
contribution to the objectives.	  

3	  
	  

Moderate importance	   One element has slightly more 
importance than the other element.	  

5	   Strong important	   Experience and judgment strongly 
favor one element over the other.	  

7	  
	  

Very strong or 
demonstrated importance	  

One element is favored very strongly 
(has dominance) over the other. 	  

9	   Extreme importance	   One element has the highest 
dominance or is the most important 
compared to the other element.	  

* Source: Saaty, 2001a	  
In this part, I will give an example of applying a priority question and the 1–9 fundamental 

scale to do a pairwise comparison.	  
Question:	  
“With respect to measuring the flood risk, which is more likely to occur, urban floods or 

coastal floods?” 

 

 

 

In this example, the urban flood is judged as having much higher probability compared to 

the coastal flood. The reason is because the respondent thinks that coastal flooding 

rarely occurs, as it only happened once in the last 10 years while urban floods almost 

always happen one or two times in a year.	  

d) Deriving the overall risk from the priorities 

Once the priorities have been developed by performing all the steps and feeding the model 

with the data that was captured from the interviews with the respondents, then the next step 
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is calculating the overall risk using the general risk concept formula with all of the component 

priorities. The main risk formula will be:	  
R = Ph x Cn 

where R is the risk level, Ph is the probability of the hazard, and Cn is the negative 

consequences or the flood impact. Then, the formula can be expanded according to how 

many hazards and consequences are included in the calculation. 	  

! = !!×!! 

So, for example, where there will be three types of hazard and four types of consequences 

that will be included in the risk calculation, then the formula could be broken down as:	  
Hazard risk type 1 

R! = !!×!! + !!×!! + !!×!! + !!×!!   
Hazard risk type 2 

R! = !!×!! + !!×!! + !!×!! + !!×!!   
Hazard risk type 3 

R! = !!×!! + !!×!! + !!×!! + !!×!!   
and for the overall risk is calculated by summarizing all of the three hazard risks into the 

equation : 

!!"#$%&& = !! + !! + !!    

3.2.2.2 Model application	  
All the components that go into building the flood risk assessment model were then 

tested with data from the field (study area). This section discusses the data gathering process, 

such as what kind of tools were used, and how many and what kinds of data were collected.	  

a) Data types	  
There are two types of data to feed into the AHP model, described below:	  
• Primary data for testing the main AHP model for the flood risk assessment, where the 

data were collected directly from the study area using the technique of interviewing with 

questionnaires, recorded in field notes. 	  
• Secondary data	  

Secondary data in this research is defined as data collected from any institution, such as 

government agencies, NGOs, or professional experts. Two examples of this type of data 

are the DEM (Digital Elevation Model) for Makassar City, which can be downloaded from 

the NASA website, and climate conditions now and for the past, which can be obtained 

from the National Meteorology, Climatology, and Geophysics Agency (Badan 

Meteorologi, Klimatologi dan Geofisika–BMKG). 
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b) Data collection techniques	  
In order to test the proposed AHP model for flood risk assessment, the model needs to be fed 

with the data that was collected using two types of methods: 

1. Interviews with questionnaires 	  
In order to ask respondents to make pairwise comparisons between each element in 

the model, this interview technique was performed using specific questionnaires. In order 

to minimize the risk of problems in the interviews, all the targeted respondents were 

informed in advance before the interview via email, phone calls, and texting about the 

research; those who did not have access to these methods of communication were 

informed directly, by going door to door at the study site and arranging times to conduct 

the interviews. All the respondents also were asked to read and sign (if they agreed) the 

research consent form, and if they did not agree, another respondent was chosen 

randomly from among others in a certain range of respondent criteria.	  
Because pairwise comparison is quite complicated and may look repetitive to the 

targeted respondent, the respondents needed to be trained first on how to make the 

comparisons and to become familiar with the terms and definitions. The questionnaire 

was developed using two languages (English and Bahasa Indonesia) because most of 

the respondents did not understand English at all. Furthermore, the questionnaire was 

built according to the AHP hierarchy level, and was adapted to make the comparisons 

easy for the respondents. It included term definitions and the 1–9 fundamental scale, 

both on separate sheets. The questionnaire, term definitions, and 1–9 fundamental scale 

can be found in the appendix section.	  
The interviews were not only conducted face-to–face, but also using Internet 

connections via SKYPE and LINE, or by international phone calls; in these cases, the 

questionnaire was sent through email before the interview took place. 	  
2. Role-play model	  
In the role-play model, The researcher answers the questionnaire by taking a role as a 

targeted respondent, either according to his/her expertise, experiences, or behavior and 

concerns, as a person who lived in the study sites. It also includes the reasons or 

perceptions about why he/she chose that option. The role-play model data were collected 

to serve as a comparison for the field data, mainly in case there were challenges in the 

field that could not be overcome, such as being unable to reach the respondents at the 

time, or due to a low level of consistency from the respondents.  	  
3. Secondary data	  
Secondary data, such as preliminary information about the study sites, including maps, 

topography, climate situation, population, and more related data, were collected from 

various sources such as government institutions, NGOs, newspapers, websites, blogs, 
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etc. All of these data were used to define the objectives and develop the model 

scenarios.	  

c) Respondent selection and sampling	  
The model was developed to help synthesize people’s perceptions in order to measure the 

risk. This also means that the model does not depend on the number of samples, because all 

of the priorities from the samples will be summarized to get the overall priorities. However, in 

this study, the number of samples was expanded to 30 respondents, who were grouped in 

several categories, as explained below. 	  
These categories are applied to the model to help explore the model’s capacity to address 

perception variations.	  
• Decision makers: People in the government, such as legislators or politicians at 

the local or regional level, who usually deal with the flood hazard in Makassar. They were 

identified from their role in flood hazard management. Below are listed the government 

institutions that usually are involved with flood management in Makassar City:	  
- Provincial and City Governments (PEMDA Kota Makssar dan PEMPROV Sulsel)	  
- Provincial and City Public Works (Dinas PU Provinsi dan Kota)	  
- Provincial Disaster Management Board (Badan Penanggulangan Bencana 

Daerah – Sulsel)	  
- City Social Services (Dinas Sosial)	  
- Cleanliness and Landscaping Services (Dinas Kebersihan dan Pertamanan kota 

Makassar)	  
- City Planning and Development Agency (Badan Perencanaan dan 

Pembangunan Daerah - BAPPEDA Kota)	  
- City Search and Rescue Agency (Badan SAR Kota)	  

I chose one respondent from each of the five of these institutions that have the biggest 

roles in flood risk management in Makassar City.	  
• Experts: The community or people who have professional or academic 

knowledge related to floods such as hydrologists/meteorologists, scholars, or 

practitioners. They were identified by the extent of their contributions to the study of flood 

hazard management, such as how many projects or what research they are involved in. 

Five (5) respondents were chosen from this category.	  
• Local Community: Community members who lived in the flooding area or who 

have direct interactions/connections with the flooding area, such as householders, 

farmers, businesses owners, etc. Following my preliminary observation of the city’s 

geographical condition, I divided Makassar City into four (4) zones (see Section 3.2.1). 

For each zone, five (5) respondents were selected, so a total of 20 respondents 
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represented the whole area. The respondents were randomly selected based on their 

house location.	  

d) Data Processing	  
After the field data collection was finished, there were several steps in processing the data, 

as described below:	  
- Data input	  

All of the interview questionnaires were input using a spreadsheet software. The data 

were coded one by one according to their sampling categories to build respondent 

databases to make them easier to organize for the analyses. 	  
- Data analysis	  

The interview results were first summarized to get the average perception using a 

spreadsheet software. There are four (4) types of average: an overall average, and one 

for each of the sample categories: decision makers, experts, and local community. This 

step enables later analysis by sampling category.	  
The second step is to analyze the model by using the average data and by using each of 

the sample data points. The main point of this analysis is to extract the priority level of 

each component in the hierarchy as well as to check the consistency level of each 

priority’s components. These processes were done using the AHP software, which is 

described in the next section. Once all the priorities were set, then the last step in 

analyzing the data was calculating the overall risk by formulating each of the priorities 

into a general risk formula.	  
 

e) Running the AHP Model 	  
There are two ways to process interview data in the AHP model. The first is by 

calculating manually and the second is by using any AHP software, such as Expert Choice or 

HIPRE 3+ or add-on tools that can be mounted in Excel such as Triptych. The manual 

calculation for running the AHP model is explained below, together with a more detailed 

explanation of the model sample and the analysis . 	  
Table 4 is an example of a comparison matrix that can be used to elaborate a manual 

calculation to produce the priority level of each component in the AHP model. The example is 

about people’s preferences for types of coffee. People were asked which kind of coffee they 

like more, “Kona Coffee or Ethiopian Coffee” / “Kona Coffee or Vietnamese Coffee / Ethiopian 

Coffee or Vietnamese Coffee.” 
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Table 4. Comparison matrix results	  
Criterion	   (KC)	   (AC)	   (TC)	  

Kona Coffee (KC)	   1	   1/7	   1/5	  
Ethiopian Coffee (AC)	   7	   1	   5	  
Vietnamese Coffee (TC)	   5	   1/5	   1	  

The results show that the respondent very strongly prefers Ethiopian Coffee to Vietnamese 

and Kona Coffee, but the respondent also strongly prefers Vietnamese Coffee to Kona 

Coffee.  

• To calculate the priority ranks of these compared components, the first step is to 

summarize each column. 	  

Table 5. Column summaries	  
Criterion	   (KC)	   (AC)	   (TC)	  

Kona Coffee (KC)	   1	   0.14	   0.20	  
Ethiopian Coffee (AC)	   7	   1	   5	  
Vietnamese Coffee (TC)	   5	   0.20	   1	  

Total	   13	   1.34	   6.20	  

• The second step is to divide each value in the column with its column total. This 

step will normalize the pairwise comparison. Next is to calculate the row average to 

produce the relative priority of each element that is being compared.	  

Table 6. Column summaries and row average	  
Criterion	   (KC)	   (AC)	   (TC)	   Ave	  

Kona Coffee (KC)	   0.08	   0.11	   0.03	   0.07	  
Ethiopian Coffee (AC)	   0.54	   0.74	   0.81	   0.70	  
Vietnamese Coffee (TC)	   0.38	   0.15	   0.16	   0.23	  

Total	   1	   1	   1	   1	  

The calculation above shows that the respondent’s preference for Ethiopian Coffee is 

equivalent to 70%; Vietnamese Coffee is second at 23%, and the last is Kona Coffee at 

only 7%.	  
3.3 The Analytic Hierarchy Process	  

This section introduces the AHP in more detail with an additional two sample models that 

analyze the flood risk in Makassar City. The analytic hierarchy process (AHP) is a type of 

decision analysis that was first introduced by Thomas L. Saaty in the 1980s. The AHP 

accommodates subjective judgments of relative importance and converts them into a weight 

system, or in other words, produces relative value from subjective judgments (Clemen & Reilly, 

2004; Olson, 1995). There are three fundamental steps in applying the AHP to analyze problems 

or issues: 	  
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1. Structuring a hierarchy by identifying the factors, elements, or variables. This also means 

decomposing problems into separable components. 	  
2. Setting the priorities by making simple pair comparisons between each element at all 

levels of the hierarchy. These comparisons measure the relative importance of the 

components or variables over other components/variables. 	  
3. Constructing logical consistency by grouping the elements or variables according to 

homogeneity, similarity, and relevance. This also means that the relations of each identified 

variable or component are consistent and can represent the logic of relationships between 

each element in the system (Saaty, 2001).	  

3.3.1 AHP example model 1	  
This section will describe one example of the AHP’s application to flood risk assessment. 

This first model sample will consist of three hierarchy levels. The model was developed from the 

scenario below:	  

In order to reduce flash flood impact in Makassar City, the local government needs to 
consider several actions that might help not only in reducing the flood risk but also in 
reducing a flood’s impact on the society. In order to obtain the optimum result, the local 
government assigned an expert team to analyze what options they have and which is the 
best to deal with the flash flood problems in Makassar City.	  

The way to use the AHP to approach this problem is described step-by-step below:	  
a)  Structuring the hierarchy	  

The main objective of structuring the hierarchy is to get better and more comprehensive 

understanding of the main issue or problem. Analyzing the scenario above, the first step in 

structuring the hierarchy is to define the main or overall goal of the model.	  

Based on the scenario, I develop the fundamental objectives of this model at three different 

hierarchy levels. 	  

- Level 1 (the top level): Reducing flash flood risk	  
- Level 2 (the middle level) comprises three objective components: 	  
- (i) minimizing loss of life and injuries; (ii) minimizing property loss; and (ii) minimizing 

productivity loss. 	  
- Level 3 (the lowest level) is divided into three types of alternative actions: (i) relocation 

(temporary or permanent); (ii) early warning systems; and (iii) river/watershed 

management.	  

The overall goal is positioned at the apex of the hierarchy and noted as L0. The next level, or 

level 1, would be the components that might be necessary to make the optimum contribution 
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to achieving the overall goals. Level 2, the alternatives, would address the alternative actions 

for mitigating or reducing the flash flood problem in Makassar City. 

Level 0. Flood-impact mitigation (the apex)	  
The main goal of this simple model is to find what types of action would be the best option for 

the government to reduce the flash flood risk. The best option means the most effective in 

terms of reducing damage/loss from a flash flood.	  

Level 1. Elements of consideration	  
The main consideration for flood mitigation is the potential negative consequences, or the 

likelihood of negative consequences that would occur during the event. Here, there are three 

groups of variables to consider as the risk components:	  
-‐ Death/Injuries (L1.1)	  
Death/injuries are defined as direct death or injuries because of drowning, or being hit by 

materials carried by the flood waters. The objective for the death/injuries component in 

relation to the overall goal is to minimize or reduce the loss of life as well as injuries due 

to the flash flood event in the city.	  
-‐ Property Loss (L1.2)	  
Property loss is defined as all the damage or destruction of any human property 

(individual, group, private, or public) including public infrastructure, housing/residences, 

factories, and livestock. It also includes any disruption related to access and functions of 

public property. In terms of the overall objective, which is to reduce flash flood risk in the 

city, then reducing or minimizing property loss or damage also becomes a constituent in 

the objective hierarchy. 	  
-‐ Productivity Loss (L1.3)	  
Productivity loss is defined as dysfunction of ability in productivity because of the flood 

events, such as reducing income or trade failure due to access blockage (people cannot 

access their offices, etc.). Minimizing productivity loss also becomes a major 

consideration in assessing the flash flood risk in Makassar City.	  

Level 2. Alternative options	  
Based on comprehensive study of the flood risk mitigation, there are three major alternatives 

for dealing with flash floods in Makassar City. They are:	  
-‐ Relocation (L2.1)	  
There are two meanings of relocation in this hierarchy:	  
First, relocation can be defined as permanent relocation, which means to permanently 

relocate or move the whole community from the flash flood area into new available area 

that is definitely free from flood risk, and to prevent any settlement development within 

the flood-prone area.	  
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Second, relocation can be defined as temporary relocation, which means to relocate or 

move the whole community from the flash flood area during certain seasons or times 

(only during the heaviest rainy season) and then let them all come back when it’s safe. 	  
-‐ Early warning system (EWS) (L2.2)	  
EWS can be defined as improvement or development of a system that could detect the 

flash flood hazard in the initial stage, either using any water measurement tools from 

traditional and manual to advanced hydrological equipment or by using routine human 

observation during the rainy season.	  
-‐ River management	  
River management can be defined as an active effort to control the river water movement 

to reduce or minimize the likelihood of flooding either using any engineering tools such as 

building dams, groins, or jetties; river normalization; and river dredging (flood control), or 

by conserving the upland forest area, river bank stabilization (planting), or urban 

garbage/solid waste management (flood abatement). Figure 6 below shows the whole 

hierarchy model for the flash flood impact management.	  

 

 

 

 

 
 

 

 

 

 

Figure 6.  Flash flood impact management hierarchy (example). 

b)  Setting the priorities	  
In order to set the priority level of each component in each hierarchy level to achieve the 

overall goal, we need to set the priorities using the pairwise comparison technique. In 

pairwise comparisons, people will be led to give their judgment on each comparison pair 

using leading questions; the judgment values will follow Saaty’s (2001) 1–9 fundamental 

scale. 
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Question forms for each level of comparison are shown below:	  

Level 1	  
The questions at this level are meant to capture the flash flood impact likelihood in Makassar 

City. Since there are three components in this level, there will be three comparisons, which 

also means that there will be three comparison questions at this level. An example question 

is shown below: 	  
“With respect to reducing the flash flood risk, which is more 

likely to occur during the flash flood, Death/Injuries or Property 

loss?”	  
Level 2	  
Level 2 questions will lead the respondents to give their judgment on the level of importance 

of the types of alternatives that are provided in this model. Each component in hierarchy level 

2 will have the same alternative action, where there are three types of alternatives, and this 

means that there will be nine pair comparison combinations. An example question is shown 

below:	  

“With respect to reducing Death/Injuries during the flash flood, which is 

more important, relocation or developing an early warning system?”	  
c)  Model Results	  
 Comparison matrix result	  

In order to run the model, I feed the model with numbers resulted from a role-play as a 

person who already lives in the area for more than 30 years.  

Table 7. Model 1 comparison matrix results at level 1	  
Criterion Level 1	   (D/I)	   (PL)	   (PR)	  

Death/Injuries (D/I)	   1	   1/7	   1/5	  
Property loss (PL)	   7	   1	   5	  
Productivity loss (PR)	   5	   1/5	   1	  
	  

Table 7 shows that property loss is more likely to happen during the flash flood event, while 

the likelihood of death/injuries is very low.  

Table 8. Level 2 comparison matrix results at level 2 	  
Death/Injuries (D/I)	   RL	   EW	   RM	   (PL)	   RL	   EW	   RM	    (PR)	   RL	   EW	   RM	  

Relocation (RL)	   1	   1/9	   1/5	   RL	   1	   1/9	   1/9	   RL	   1	   1/5	   1/9	  
Early Warning System (EW)	   9	   1	   5	   EW	   9	   1	   1/5	   EW	   5	   1	   1/5	  
River Management (RM)	   5	   1/5	   1	   RM	   9	   5	   1	   RM	   9	   5	   1	  

In the role-play session, the respondent chose improvement of the early warning system as 

the most important action to deal with the flash floods to reduce the probability of 
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death/injuries as well as of property loss. Relocation is not a good option for him and his 

family, because he thinks that the new area would not be better than where he lives now.	  

Priority calculations 

The priority calculations for these comparison matrix tables (Table 7 and Table 8) were 

conducted using Super Decisions software, which can be downloaded for free at 

http://www.superdecisions.com/. The initial step in Super Decisions software is developing 

the whole model by creating cluster blocks to represent each level in the hierarchy and then 

to create nodes in each level that will represent each element in each level. After creating all 

the clusters and nodes, it is necessary to develop the connections between all the clusters 

and nodes, as seen in Figure 7 below.	  

 

 

 

 

 

 

Figure 7. AHP example model: The connection between each hierarchy component 

• The final step is to do the pairwise comparison. The Super Decisions software will build a 

variable comparison interface. So it is also serves as a data input interface where we can 

feed the model with judgment values. Once the data input is completed then we can read the 

priority calculation report. Table 10 below shows the priority calculation report from the 

software.	  

Table 9. Priority rank of each variable	  
Name	   Normalized	   Limiting	  

L0. Goals	   0.000	   0.000	  
L1.1 D/I	   0.067	   0.033	  
L1.2 PL	   0.715	   0.357	  
L1.3 PR	   0.219	   0.109	  
L2.1 RL	   0.050	   0.025	  
L2.2 EWS	   0.268	   0.134	  
L2.3 RM	   0.684	   0.341	  
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A hierarchy diagram that already has the priorities in place is shown in Figure 8 below.	  

 

 

 

 

 

 

 

 

Figure 8.  The AHP diagram model with priority values 

The calculation results show that property loss has a 71.5% likelihood of occurrence, the 

highest compared to the other two flood impacts. This could also mean that the respondent is 

more concerned about property loss (PL) than about the other proposed impacts. 

Death/Injuries seems to be the worst impact of flash flooding; however, since the main 

question here is about likelihood, then the responses will depend on how many incidents over 

the past 5 to 10 years either have occurred or are remembered by the respondent. 	  

Of the alternative actions, the respondent gave the most weight to river management 

(68.4%), and the least to relocation. Here, we can see that the tendency of the respondent to 

stay or not to move from their location is very high, even though their level of exposure to 

flash flood risk is high.   	  

3.3.2 AHP example model 2: Flood risk assessment 

The second example model is an AHP model combined with a general risk concept that 

defines risk as a function of hazard probability and its consequences. It can be expressed by the 

mathematical formula: 

!   =   !!  ×  !!  
where Ph represents hazard probability and Ci represents hazard consequences.   

There are two main steps in applying the AHP model and the general risk concept. First, it is 

necessary to develop an AHP model that includes hazard probabilities and consequences or 

impacts. So, the model needs to have at least two main hierarchy levels plus one level for 

alternatives. The second step is to calculate the risk by ranking the priority of each component 

using the general risk formula. The model was developed based on the following scenario: 
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The Makassar City government wants to develop a flood management plan in an 
effort to reduce the flood risk and to create a more livable city. The government’s 
first step is to identify the risk area and assess the flood risk. To deal with the 
limited funds available and the complex problems of flood risk assessment and 
management, the government uses an analytical hierarchy process (AHP) model 
that is based on the people’s perceptions of flood risk.   
 

a)  Structuring the hierarchy 

To measure the flood risk with the AHP, I developed a hierarchical structure with four 

different levels. 

Level 1. Flood hazard probability 

At this level, the flood risk assessment model is trying to capture the likelihood of the 

occurrence of floods. Of all the floods that have ever occurred in the city, three different types 

have been identified: 

-‐ Urban Flood (L1.1) 

Urban flood (UF) is defined as a condition where the water inundates the urban area 

because of high intensity rainfall combined with low capacity city drainage systems. 

Urban flooding may also happen because of coastal flooding, river flooding, or a 

combination of the various types of flooding. 

-‐ Coastal Flood (L1.2) 

Coastal flood (CF) is defined as a condition where seawater inundates the coastal area. 

Coastal flooding mainly happens because of storm surge and/or land subsidence due to 

extensive ground water extraction in highly urbanized areas. 

-‐ Simultaneous Urban Flood and Coastal Flood (L1.3) 

Urban flood and coastal flood can occur simultaneously. This type of flood is defined as a 

condition when flooding occurs because of a combination of heavy rain in the upland 

area and severe coastal storm flooding. The location of such events is usually along the 

shorelines or the area that is adjacent to the coast with distance between 0–500m from 

the coastline. 

 

Level 2. The Negative Consequences  

In this model, all the negative consequences of flooding fall into four categories: 

-‐ Death/Injuries (L2.1 D/I) 

Death/Injuries is defined as direct loss of life or damage to human bodies because of 

flood incidents, such as drowning and wounds due to being hit by materials carried by the 

flood waters. 
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-‐ Health Problems (L2.2 HP) 

Health problems are defined as direct or indirect health problems because of the flood 

events, including skin problems, dengue, and flu.  

-‐ Property Loss (L2.3 PL) 

Property loss is defined as all the damages or losses that happen to any human property 

(individual, group, private, or public) including public infrastructure, housing/residences, 

factories, and livestock. It also includes any disruption related to access to and functions 

of public property.  

-‐ Productivity Loss (L2.4 PR) 

Productivity loss is defined as dysfunction in productive ability because of the flood 

events, such as reduced income, trade failures, and losses due to blocked access (when 

people cannot get to their workplaces, etc.) 

 

Level 3. The Alternatives 

The third level, the lowest level of the hierarchy, deals with alternative actions for overcoming 

or reducing the flood risk in the city. Here, the model tries to incorporate the priority level of 

each given alternative according to the respondents. 

-‐ Flood Control (L3.1 FC) 

Flood control (FC) is defined as an active action/effort from the government to control the 

flood and minimize its impact, such as normalizing the river, the canals, or drainage 

systems (by widening or dredging), including adding new drainage systems and building 

dikes. 

-‐ Flood Abatement (L3.2 FA) 

Flood abatement (FA) is defined as long term actions to reduce flood probability, such as 

regional policy to conserve forest area or green area (for water catchment), garbage 

management, etc. 

-‐ Mixed Methods (L3.3 MM) 

Mixed methods (MM) are defined as a combination of flood control and flood abatement 

within the study area.  
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The hierarchy diagram for this flood risk assessment is shown in Figure 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. AHP model example for measuring flood risk 

b)  Setting the priorities 

Each component in the hierarchy is defined as a criterion, and each criterion will be 

compared with every other criterion, pair by pair, using pairwise comparison. To help people 

judge the pairs according to their experience and judgment, they will be asked to assign 

values on a 1–9 fundamental scale (Starr, 1967). 

The questions for each level of comparisons are described below: 

Level 1. Flood Scenario 

This level is meant to capture the probability of each of the three types of flood hazard 

occurring, according to people’s experiences in general.  

Here is a sample of a question for pairwise comparison: 

“With respect to measuring the flood risk in Makassar City, which is more 

likely to occur, an Urban Flood (IF) or a Coastal Flood (CF)?” 

Level 2. The Area  

This level is meant to capture the probability of the different flood hazard consequences of 

the three types of flood hazard. 

Here are two sample questions for pairwise comparison: 

“With respect to measuring the flood risk, which is more likely to occur during urban 

floods, death/injuries (D/I) or property loss (PL)?” 
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“With respect to measuring the flood risk, which is more likely to occur during coastal 

floods, property loss (PL) or productivity loss (PR)?” 

Level 3. The Alternatives 

Respondents are given alternatives for dealing with floods, so they can judge which of those 

alternatives are the most important to apply in reducing the flood risk in Makassar City. 

Here is a sample question for pairwise comparison: 

“With respect to reducing the negative effects of urban floods, which is the 

alternative, flood control or flood abatement, that you think would be the 

most efficient and effective in reducing the flood risk in Makassar City?” 

c)  Flood risk calculation 

The flood risk will be calculated using the general risk formula (eq. 1), where all the values 

that will be fed into the formula are the priority values yielded by the pairwise comparisons. 

Figure 10 and risk formulas 1 to 5 below show how the risk is driven by the priority values for 

each risk element. 

 

 

 

 

 

 

 

 

 

 

Figure 10. The AHP hierarchy flow with its priority values. Note: Red font symbolizes the priority 
rank. 

The main formula to calculate the flood risk is: 

R = !!!×!!!  

where the probability of the flood will be represented at level 1 (L1) in the hierarchy and 

symbolized as PL1 while the consequences will be represented at level 2 (L2) in the hierarchy 

and symbolized as CL2. 

Because there are three types of flood hazards that will contribute to the overall flood risk in 

Makassar City, I break down the calculation of risk by each type of flood, as follows: 
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Urban flood risk 

R!" = !!"×!!/! + !!"×!!" + !!"×!!"    

Coastal flood risk 

R!" = !!"×!!/! + !!"×!!" + !!"×!!"    

Simultaneous urban flood and coastal flood risk 

R!" = !!"×!!/! + !!"×!!" + !!"×!!"   

 

Then the overall flood risk is calculated by adding all three flood risks into the equation: 

!!"#$%&& = !!" + !!" + !!"   

d)  Model Results 

Comparison Matrix 

This sample also incorporates the data resulting from the role-play, where I was played the 

role of a person who had lived in the area over the past 30 years. Table 10 below is the result 

of the role-play pair comparisons between the types of flood hazards; it describes the 

probability of the occurrence of the compared elements. 

Table 10. Comparison matrix results of model 2 at level 1 

Criterion UF CF UC 
Urban Floods UF 1 7 9 

Coastal Floods CF 1/7 1 7 
Urban Floods & Coastal Floods UC  1/9 1/7  1 

 

The comparison matrix in Table 11 shows that the respondent judged urban floods as the 

most likely to occur compared to the other flood types, with coastal floods judged as having 

the next highest probability. The combination of simultaneous urban floods and coastal floods 

was judged least likely. Table 11 displays the pair comparison results for the likelihood of the 

different impacts of the various types of flood hazards. 

Table 11. Comparison matrix results of model 2 at level 2 

Urban Floods  (UF) D/I PL PR CF D/I PL PR UC D/I PL PR 
Death/Injuries D/I 1 1/9 1/9 D/I 1 5 5 UF 1 9 5 

Property Loss PL 9 1 1/5 PL 1/5 1 1/3 CF 1/9 1 1 

Productivity Loss PR 9 5 1 PR 1/5 3 1 UC 1/5 1 1 
 

Table 11 shows that the respondent gave higher values to property loss and productivity loss 

during urban floods, which means that these two elements were judged as most likely to 

occur during urban floods. Meanwhile, during coastal floods or a combination of urban flood 
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and coastal flood, death/injuries was judged as having the highest likelihood compared to 

other elements. 

 Table 12 shows the comparison matrix results for types of alternative actions to deal with 

specific types of flood, where the respondent chose flood control as the most important 

alternative to apply to reduce the negative impact of any given flood scenario. 

Table 12. Comparison matrix results of model 2 at level 3 

Criterion for   UF   FA FC MM CF FA FC MM UC FA FC MM 
Flood Abatement FA 1 1/9 1/5 FA 1 1/7 1/5 FA 1 1/9 1/5 

Flood Control FC 9 1 5 FC 7 1 5 FC 9 1 1/5 

Mixed Methods MM 5 1/5 1 MM 5 5 1 MM 5 5 1 

 

Priority calculation 

The calculation for the priorities was done using the Super Decisions software, the same 

method used with the first sample model, as described below: 

• This model consists of four major levels including the apex, with three risk components in 

each level as well as three alternatives in the lower level. Based on this information, I 

developed four clusters with three nodes (risk elements) on each, except for the apex 

cluster, which has only one node.  

-‐ Cluster L0 (Apex) contains node L0 (the main goal/overall goal) 

-‐ Cluster L1 (Flood Hazards) contains three nodes: L1.1 UF (Urban Flood), L1.2 CF 

(Coastal Flood), and L1.3 UC (Simultaneous Urban Flood and Coastal Flood) 

-‐ Cluster L2 (Flood Consequences) contains three nodes: L2.1 D/I (Death/Injuries), 

L2.2 PL (Property Loss), and L2.3 (Productivity Loss). 

-‐ Cluster L3 (Alternative Actions) contains three nodes: L3.1 FA (Flood Abatement), 

L3.2 FC (Flood Control), and L3.3 MM (Mixed Methods). 

• The next step is to deal with the pairwise comparisons using the interactive interface 

provided by Super Decisions software to incorporate human judgment on each pair of 

components that is being compared. Table 13 shows all the computation results for the 

priority levels of each compared component. All the priorities yielded by this process are 

already normalized, which means that the total of all the components within a level is 

equal to one. 
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Table 13. Model 2 priority rank calculation results 

Components	   Normalized	  By	  Cluster	   Limiting	  
L0	  Goal	   0	   0	  
L1.1	  UF	   0.761	   0.253587	  
L1.2	  CF	   0.191	   0.06373	  
L1.3	  UC	   0.048	   0.016016	  
L2.1	  D/I	   0.206	   0.068692	  
L2.2	  PL	   0.208	   0.069498	  
L2.3	  PR	   0.585	   0.195143	  
L3.1	  FA	   0.06	   0.019974	  
L3.2	  FC	   0.731	   0.243641	  
L3.3	  MM	   0.209	   0.069718	  

 Figure 11 shows the hierarchy model for flood hazard with priority calculations. 

 

 

 

 

 

 

 

 

 

Figure 11. The AHP diagram model 2 with its priority values. 

Risk calculations 

Risk calculation was done manually by inputting all the priority rankings into the risk formula, 

as shown below: 

Urban flood risk 

R!" = !!"×!!/! + !!"×!!" + !!"×!!"    

R!" = 0.761×0.206 + 0.761×0.209 + 0.761×0.585  

R!" = 0.76 

Coastal flood risk 

R!" = !!"×!!/! + !!"×!!" + !!"×!!"    

R!" = 0.191×0.206 + 0.191×0.209 + 0.191×0.585    
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R!" = 0.19   

Simultaneous urban flood and coastal flood risk 

R!" = 0.048×0.206 + 0.048×0.209 + 0.048×0.585   

R!" = 0.06  

and the overall flood risk is calculated by adding all three flood risks into the equation: 

!!"#$%&& = !!" + !!" + !!"    

             =  1 

The risk calculation shows that urban floods have a higher risk level than the other two types 

of flood hazard in Makassar City. This is because the respondent judged this type of flood as 

having the highest probability. The urban flood risk value of 0.76 also means that this type of 

flood has a risk level of 76% higher likelihood of the occurrence of negative consequences. 

3.4 Discussion 

The first AHP model example was focused on a single hazard risk analysis, where flash 

floods were the main target. The analysis mainly focused on the likelihood of flood impacts, with 

three impact categories, which implies that almost all of the negative impacts in general might 

happen during flash floods. On the second level of the hierarchy model, there are three types of 

alternatives that are proposed to reduce the flash flood risk: early warning system, river 

management, and relocation of vital infrastructure and residences from the risky area.   

• The first level of the hierarchy shows how the model tries to incorporate people’s judgments 

in valuing the negative impacts of flash floods. Here, my basic question in the pairwise 

comparison is about the impacts’ occurrence likelihood. This model does help to capture the 

impacts’ probability according to the respondents’ perception, which is based on their past 

experience and knowledge of the area. However, in calculating the risk, the model might 

underestimate one potential risk (a high impact risk with low probability), such as 

deaths/injuries, as in the example, where property loss was rated as the highest priority, with 

71.5% of the total risk, while deaths/injuries were given a priority rating of below 1%. In 

reality, while it might be true that the numbers of casualties are very low (maybe one or two in 

the past five years), it is also still true that flash floods can destroy anything in their path.  

• This scenario might be specific to one type of flood hazard in an urban context; however, this 

situation can still be considered within a wider geographical context for flash flood hazard, 

especially if the discussion’s focus moves to types of action to reduce flash flood risk. On the 

other hand, this example model was built to give a better and clearer understanding of how 

the AHP could be used to incorporate people’s risk perceptions into an assessment of flood 

risk, so I was trying to keep the model simple and neither too general nor too specific. In my 

opinion, providing any components, especially alternatives, might be tricky in this model 

because they might not be comparable, or be rather hard to compare, and this could create 
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confusion among respondents trying to answer the comparison questions. As in the example, 

river management might overlap with the other two alternatives, because river management’s 

general definition might also include improvement of an early warning system and community 

relocation due to flood control development along the river banks. 

The second AHP model example is more complex than the first model because it is 

addressing multiple hazards: urban floods, coastal floods, and a combination of urban floods and 

coastal floods that happen simultaneously. This second example involved three different 

hierarchy levels plus one level of alternatives. The model also incorporated the general risk 

concept of hazard probability and its negative consequences by constructing the main model with 

the probability and consequence components. Summarizing all the priority calculations from the 

bottom of the hierarchy up to the top (as shown in formula 1) will produce the overall flood risk 

within the study area. 

• Again, one of the biggest challenges in building the hierarchy is how to break down the real 

world picture into constituent elements, where all the elements being compared have to be 

comparable and have a clear definition so that anybody can recognize them clearly before 

doing the pairwise comparison. Here, the third level, the alternatives, includes mixed 

methods, which would be a combination of flood control and flood abatement. In the real 

world, such mixed methods do exist, but as an alternative, it might be difficult to compare with 

flood abatement or flood control, because it overlaps with them. 

• Related to the issue above is the challenge of developing the hierarchy components not only 

to be comparable but also in terms of how well they comprehend, integrate, or represent the 

real phenomena. In the example, there are only three different types of components that are 

intended to describe all the consequences of a flooding event. Here, some consequences 

such as health problems that might happen because of water contamination following the 

flash floods are not considered, because they might have low probability. Another kind of 

consequence that is not considered is the trauma that disaster events cause.  

• In the overall risk calculation, all the priorities were calculated using the general risk concept 

formulation yielding a total equal to one (1). Moreover, actually existing priorities will give the 

same results in the risk calculation, because the sum of all priorities also is equal to one. This 

can give the impression that it is not necessary to continue the analysis to the risk calculation 

because either the priorities themselves or the risk calculation will produce the same result, 

that is, one (1). 

 

In general, both of the AHP model examples show how the AHP can be used in 

approaching flood risk problems/issues in the real world. The examples include different methods 

of dealing with flood risks, even though they have similar main objectives, which is how to reduce 

the flood risk in the study area. 
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• My analysis in both models includes no spatial components. Flood hazards are very typical 

hazards in that they usually will be affected by local characteristics such as topography, local 

climate, land-use, land cover, slope, aspect, etc. A combination of all of these factors may 

affect the probability of occurrence and the types of consequences. Adding some 

geographical context, such as administrative boundaries or watershed zones, which would 

describe general conditions of the study area, would be helpful in comparing all of the risk 

elements. For example, a comparison of types of floods would become more meaningful if 

more details about location are included, so that the respondents could give their judgments 

with more accuracy. 

• One key point that usually is not included in a risk assessment model is that the event may 

not happen. Because risk assessment involves probability either as occurrence or as 

importance, the results usually produce relative probability. It is relative probability because 

we actually do not know what really will happen; either one or more of the risk elements will 

become true as predicted, or there are other possibilities that are not included in the 

prediction. One method to approach a condition where absolute probability will equal relative 

probability is by adding a component of the event not happening, or of no occurrence, to the 

other model components. This might produce a risk calculation not equal to one, if later in the 

final risk calculation we exclude the no occurrence component.  
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CHAPTER IV.  MODEL SPECIFICATION AND TESTING 
	  

4.1 Introduction 

One way of analyzing risk is by identifying and categorizing all the factors that might be 

involved and organizing them into an advanced hierarchy or network system to develop a holistic 

approach that involves judgment, logic, and critical thinking, which is based on experience and 

knowledge. This holistic approach is a compelling technique, because it is useful and could give 

better understanding of the complexity of risk. 

This chapter will describe the AHP model that was developed for analyzing people’s 

perceptions for measuring flood risk in Makassar City. The model was developed to adopt the 

general risk definition on probability, so it will incorporate probability components and 

consequences components. Moreover, alternative actions are also provided in the hierarchy 

structure to demonstrate how the AHP analyzes not only risk components but also alternative 

solutions. 

4.2 Hierarchy Model 

This section mainly discusses the model specifications, such as the hierarchy structures, 

parameters, and pairwise comparisons, as well as testing the model with the perception data. 

4.2.1 General risk definition 

The model is mainly based on the general risk definition (see eq. 1) and developed using 

the analytic hierarchy process (AHP) to deal with the complexity of flooding events and the 

multiple aspects of flood risk. All of the flood risk elements in the model were identified from 

several sources on the area’s flooding history (newspapers, TV, magazines, webpages, and other 

materials) and from both field observation and the researcher’s experiences as a 32-year resident 

of Makassar City. Furthermore, this model consists of two major elements: the hazard probability 

and the negative consequences, plus the alternative solution elements. The detailed structure of 

the model is described in the rest of this section. 

4.2.2 Hierarchy main goal  

The main goal of this model is to assess the flood risk in Makassar City using the 

perceptions of the local people/community, and to thus demonstrate that it can serve as an 

alternative model for assessing flood probability and consequences as well as action alternatives 

for reducing the flood risk. 

4.2.3 Hierarchy structures 

The hierarchy model for the flood risk assessment for Makassar City is divided into five (5) 

levels, as described in the tables that follow. 
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a. Level 0. Flood Risk Assessment  

This level is the apex of the hierarchy model and serves as the main objective of the model. 

The main objective of this model is to assess the flood risk in Makassar City. 

b. Level 1. Flood Hazard Scenario 

This level consists of five types of flood hazard scenarios, all of which were identified from the 

flood hazard event history of Makassar City. Table 14 describes all of the flood risk elements.  

Table 14. Flood hazard scenario as the main risk component in level 1 
Flood Risk Elements Scenario Assumption 

High Inundation 
Flood: “High 

Flood” 

• Long continuously heavy rainfall (not less than 6 days of rain 
without stop) 

• On Day 3, all the drainage systems, canals, and rivers almost 
overloaded, and rain continues to fall 

• High tide on day 4, all the drainage overwhelmed, and the 
inundation starts 

• Water continues to rise until day 6, and reaches above 1 m in 
depth, in some areas up to 1.80 m, and stays for 3 days 

• Inundation level above 1 m with duration between 3 to 5 days 

Medium Inundation 
Flood: “Medium 

Flood” 

• 4–5 days continuously heavy rainfall 
• On day 3, all the drainage systems, canals, and rivers almost 

overloaded, and rain continues to fall 
• High tide on day 4, all the drainage overwhelmed, and the 

inundation starts 
• Inundation level between 30 cm to 50 cm, with inundation 

duration of 2 to 4 days 

Low Inundation 
Flood: “Low Flood” 

• 3–4 days continuous heavy rainfall 
• On day 3, all the drainage systems, canals, and rivers almost 

overloaded, and rain continues to fall 
• The inundation might start on day 3 when all the drainage is 

overwhelmed 
• Inundation level not more than 30 cm, inundation duration 

varies, up to 1 or 2 days, but mostly under 1 day in duration 

Coastal Storm 
Flood/Storm surge: 

“Coastal Storm 
Flood” 

• Heavy rainfall, strong winds, and big waves along the coastlines 
for 1 or 2 days  

• Inundation might occur because of the heavy and continuous 
wave splash (during high tide) pouring into any building in areas 
along the coast 

No Floods  
• Heavy rain up to 6 days, but there are some breaks for half a 

day, or a couple of hours, giving time for the water to drain, so 
flooding might not occur 
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c. Level 2. Flood Hazard Probability in Selected Locations 

Level 2 of the hierarchy model was developed to capture the flood occurrence probability in 

each selected location. These locations are identified as possible flood-exposed areas and 

are divided into four (4) zones. 

Table 15. Flood area scenarios as the risk component in level 2 
Flood Risk Elements Zone/Location description 

Zone A 

Areas located along rivers or canals, with distance up to 1000 m from the 
river/channel/canal or areas located within the 25 year floodplain, and 
having topography below sea level, inundated most years during the 
rainy sessions 
Location examples: Kompleks Perumahan Antang, Perumahan BTP, 
Perumahan Bung Permai 

Zone B 

Areas located along the river area or canal area, with distance between 
1000 m to 2000 m from the river/channel/canal or areas located within 
the 25 to 100 year floodplain, relatively flat area (0–15 % slope), 
inundated almost every year 
Location examples: Kompleks perumahan (BTN) ANTARA, HAMSI, Asal 
Mula, BTN CV. Dewi, Jalan Dangko area, Andi Tondro 

Zone C 

Area located more than 500 meters from rivers/canals or lakes. Mostly 
areas that are crossed by Makassar City main roads. Location examples: 
around Yos Sudarso Avenue, Perintis Kemerdekaan ST (around STIMIK 
Dipanegara), Ap. Pettarani ST, Manuruki ST, Urip SUmerharjo Ave, and 
around Taman Makam Pahwalan ST 

Zone D 

Shoreline area, all the sub-districts or villages directly adjacent to the 
coastlines/shorelines or the area from shoreline up to 150 meters inland. 
Location examples: Nusantara ST, Penghibur ST, around Ujung Tanah, 
and Tanjung Bunga area 

 

d. Level 3. Flood Consequences 

This level of the hierarchy model represents the possible consequences of flooding in 

Makassar City. The consequences are divided into six (6) groups. 

Table 16. Flood impact scenario as the risk component in level 3 
Flood Risk Elements Scenario Assumption 

Death/Injuries Direct death because of drowning, or injuries because of the storm and 
wind 

Health Problems   

Direct or indirect health problems caused by floods, such as skin 
problems, flu, fever/scarlet fever, and other health problems related to 
floods 

Private Property 
Loss/Damage 

Damage to private property of more than 50%, such as 
housing/residential damage, including transportation/car/motorcycle 
damage. Includes all livestock losses and crop failure. 

Public Property 
Loss/Damage 

All damage to public property and reduced access to all facilities such 
as offices, transportation systems, clean water supply, etc. 
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Table 16. (Continued) 

Flood Risk Elements Scenario Assumption 

Temporary Evacuation 
Problems 

All the issues that might come up when people need to evacuate from 
their houses, such as provision of food, water, and sanitation, but 
including others, such as theft in their abandoned or moved houses 

House Clean-up 
Activity to clean all the debris moved by the flood out of the houses 
and yards, along with minor repairs 

 

e. Level 4. Alternative Actions 

Five (5) action alternatives are offered in this model, including doing nothing as an option. 

Table 17. Alternative actions for reducing flood risk in level 4. 
Flood Risk Elements Scenario Assumption 

Do Nothing No need to do anything, just leave everything as it is now 
Relocation (Permanent 

& Temporary) 
Relocate all the community into new available area that is definitely 
free from flooding, permanently or only in certain seasons (temporary) 

Flood Control 

Active action/effort from the government to control flooding to minimize 
the impacts, such as normalizing all the rivers, channels, or drainage 
systems (garbage management & dredging), including adding new 
drainage systems 

Flood Abatement Action to reduce the flooding probability, such as regional policy for 
conserving forest areas and green areas (for water catchment), etc. 

Adaptation Strategy 

All the activities to adapt to the flood hazard, such as restructuring 
buildings (adding stories, improving building foundations, etc.). 
Includes flood mitigation and preparedness plans. Includes flood law 
enforcement on floodplain management, riparian policy (e.g., no 
building in high risk areas), insurance policies, etc. 
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Flood	  Risk	  
Assessment

High Inundation 
Floods

Medium Inundation 
Floods

Low Inundation 
Floods

Coastal Storm 
Floods

No 
Floods

Location A Location B Location C Location D Location A
Location B
Location C
Location D

No flood 
consequences

Do Nothing

Relocation (Permanent & Temporer)
Flood Control

Adaptation strategy 
Flood Abatement

Alternatives Alternatives Alternatives Alternatives Alternatives

Death / injuries

Evacuation problems

Health problems  

Houses Cleaning up
Private property damage
Public property loss/damage

Consequences

Death / injuries

Evacuation problems

Health problems  

Houses Cleaning up
Private property damage
Public property loss/damage

Consequences

Death / injuries

Evacuation problems

Health problems  

Houses Cleaning up
Private property damage
Public property loss/damage

Consequences

Death / injuries

Evacuation problems

Health problems  

Houses Cleaning up
Private property damage
Public property loss/damage

Consequences

Do Nothing

Relocation (Permanent & Temporer)
Flood Control

Adaptation strategy 
Flood Abatement

Do Nothing

Relocation (Permanent & Temporer)
Flood Control

Adaptation strategy 
Flood Abatement

Do Nothing

Relocation (Permanent & Temporer)
Flood Control

Adaptation strategy 
Flood Abatement

Do Nothing

Relocation (Permanent & Temporer)
Flood Control

Adaptation strategy 
Flood Abatement

Flood Risk Assessment Models 

Figure 12 below shows all the risk components and alternatives for assessing the flood risk in Makassar City in the hierarchy model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12. The hierarchy model for flood risk assessment in Makassar City 
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4.2.4 Pairwise Comparison 

This flood risk assessment model was developed using the AHP technique, where each element in 

the structure is compared to other elements in the same level and to other elements in different levels of 

the hierarchy. Pairwise comparison in the AHP is a technique to assign a priority value to each element in 

the model in relation to all other elements. Pairwise comparison also helps to reduce the complexity of a 

problem by breaking it down into single comparisons between every two elements, and thus helps 

decision makers gain a comprehensive understanding of the connections between risk elements in the 

model. Pairwise comparison will also help decision makers to give their own priorities or judgments based 

on their experience, knowledge, and level of expertise, or based on data or information that they have, 

combined with their logical thinking.  

The pairwise comparisons will be started from the top of the hierarchy model; all the elements (to be 

compared) are arranged into a comparison matrix, as shown in Tables 18–21. Using the guiding 

questions in the table, the community members (respondents) will be led to make the pair comparisons 

and fill up the entire blank matrix below. Respondents will give their judgments based on their perception 

of the importance of an element, or their concern level about an element, in relation to another using the 

1–9 fundamental scale (see Chapter 3).  

Table 18. Level 1. Pairwise Comparison 
 Pairwise comparison questions Goals 

Level 1 Hazard Types/Hazard Scenario  
Q1 “With respect to the flood risk in Makassar 

City, which of these types of flood (High, 
Medium, Low Inundation Flood or Coastal 
Storm Flood) are most likely to occur in your 
area?” 
 
 

Capturing perceptions of the flood 
hazard probabilities by analyzing 
people’s perception of types of floods 
that are more likely to occur.   
 
Notes:  
• This question is only an example for 

HF vs. CF. The comparison 
questions will vary depending on the 
flood types pair comparisons.  

• Since there are 5 components to be 
pair compared, there will be 10 types 
of comparison question, and the 
question format will follow the 
example in this box. 

Alternatives “With respect to the flood risk in Makassar City, 
which is more likely to occur, a High inundation 
flood (HF) or a Coastal Flood (CF)?” 
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Table 19. Level 2. Pairwise Comparison 
 Pairwise comparison questions Goals 

Level 2 Likelihood of hazard in each area  
Q1 “With respect to the flood risk in Makassar City, 

which of these types of flood hazard  (High, 
Medium, Low Inundation Flood or Coastal Storm 
Flood) are most likely to occur in zone A? 

This section is intended to obtain 
people’s perceptions of the 
possibility/likelihood of the flood 
hazard occurrence based on the 
proposed zones. 
 
In the level 2 hierarchy model, 
there are 4 proposed areas (see 
the area description). 

Alternative
s 

“With respect to the flood risk in Makassar City, 
which is more likely to happen/occur, High 
Inundation in zone A or Medium Inundation in 
zone B?” 
 
Notes:  
• This question is only an example for zone A 

vs. zone B. The comparison questions will 
vary depending on the flood types pair 
comparisons.  

• Since there are 4 components to be pair 
compared, there will be 6 types of comparison 
question, and the question format will follow 
the example in this box. 

 

Table 20. Level 3. Pairwise Comparison 
 Pairwise comparison questions Goals 

Level 3 Flood consequences to the communities  

Questions 

“Based on your experiences related to the flood 
risk in Makassar City, with respect to the flood risk 
in zone A, which of these consequences is more 
likely to occur during the floods, health problems 
or private property loss? 
Notes 
• This question is only an example for health 

problems vs. private property loss. The 
comparison questions will vary depending on 
the flood types pair comparisons.  

• Since there are 6 components to be pair 
compared, there will be 12 types of 
comparison question, and the question format 
will follow the example in this box. 

Capturing perceptions of the flood 
consequences’ probability by 
analyzing the flood impact 
likelihood in each proposed zone. 
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Table 21. Level 4. Pairwise Comparison 

 Pairwise comparison questions Goals 
Level 4 Flood mitigation alternatives  

 “With respect to reducing the flood risk in Zone A, 
which is more likely to apply/more important to 
apply, flood control or flood abatement?”  

Notes 
• This question is only an example for health 

problems vs. private property loss. The 
comparison questions will vary depending on 
the flood types pair comparisons.  

Since there are 5 components to be pair 
compared, there will be 10 types of comparison 
question, and the question format will follow the 
example in this box. 
 

Capturing perceptions of types of 
alternative actions that should be 
taken to minimize the flood risk in 
the study area.  
 
 
 
 
 
 
 

Questions 
 
 

 

The questionnaire was designed specifically to elicit people’s judgments in comparing each 

element in the model using the 1–9 scale. The questionnaire was bilingual (English and Indonesian) since 

most of the respondents only spoke Indonesian, and it included term definitions and the 1–9 scale (on 

separate sheets). Moreover, the questionnaire consisted of four parts based on the model hierarchy 

levels, with a total of 121 comparison questions in 24 pages. A brief description of the questionnaire can 

be seen in Table 22 below; the full questionnaire with accompanying information is in Appendix 1.   

Table 22. Questionnaire description 

Sections Description Questions Pages 

- Respondent basic information 5 2 

1 General flood hazard probability 10 2 

2 Hazard probability in each zone 6 2 

3 Negative impact probability  60 8 

4 Alternative actions  40 8 

 Total 121 24 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

4.2.6 The Priorities Derivation 

Model priorities were calculated using the given value based on the respondents’ answers for each 

pair comparison and are described in more detail below.   
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a. Comparison matrix  

The first step is to fill out the comparison matrix at each level of the hierarchy using the guided 

questions. Below is a pairwise sample question to elicit people’s perceptions. All the responses are 

recorded in Table 24 below.  

Sample Question level 1 

“Based on your experiences related to the flood risk in Makassar City, with respect to reducing the 
flood risk in Makassar City which is more likely to occur, a High Inundation Flood (HF) or a Medium 
Flood (MF)?” 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	   	  	  	  	  	  
High	  Flood	   	   	   	   	   	   	   	   	  	  	  	  	  	  	  	  	  	  Medium	  Flood	  

	  

 

The question above will vary depending on the types of flood that are being compared. Answer 

results are shown in Table 24 below. 

Table 23. Level 1 pairwise comparison example results 
Risk Components    Risk Components 

High Floods (HF) 

1 vs  5 Medium Floods  
1 vs  7 Low Floods 
7 vs  1 Coastal Storm Floods 
3 vs  1 No Floods 

Medium Floods (MF) 
1 vs  7 Low Floods 
5 vs  1 Coastal Storm Floods 
3 vs  1 No Floods 

Low Floods (LF) 
9 vs  1 Coastal Storm Floods 
3 vs  1 No Floods 

Coastal Storm Floods (CF) 1 vs  1 No Floods 

The results are then transferred into a comparison matrix as shown in Table 25 below. 

Table 24. Matrix comparison level 1 

Criterion (risk elements) HF MF LF CF NF 
High Floods HF 1 0.2 0.14 7 3 
Medium Floods MF 5 1 0.14 5 3 
Low Floods LF 7 7 1 9 3 
Coastal Storm Floods CF 0.14 0.20 0.11 1 1 
No Floods NF 0.33 0.33 0.33 1 1 

* This sample shows that the respondent has judged low flood and medium flood as the most likely to 

occur in Makassar City compared to other flood hazards.  

 

 



	   57	  

Sample Question level 2 

“Based on your experiences related to the flood risk in Makassar City, with respect to reducing the 
flood risk in Makassar City, which of these flood types is more likely to occur?” 	  	   	   	  
  
High Flood                              Medium Flood 

       in Zone A                   in Zone B        
                                                                      

Answer results are shown in Table 25 below. 

Table 25. Level 2 pairwise comparison example results  
Risk Components    Risk Components 

High Floods Zone A 

1 vs 5 Medium Floods Zone B 
1 vs 9 Low Floods Zone C 
5 vs 1 Coastal Storm Floods Zone D 
3 vs 1 No Floods in each zone 

Medium Floods Zone B 
1 vs 5 Low Floods Zone C 
7 vs 1 Coastal Storm Floods Zone D 
5 vs 1 No Floods 

Low Floods Zone C 9 vs 1 Coastal Storm Floods Zone D 
9 vs 1 No Floods 

Coastal Storm Floods Zone D 1 vs 1 No Floods 
 
The results are then transferred into a comparison matrix as shown in Table 26 below. 

Table 26. Matrix comparison level 2 

Criterion (risk elements) HF.A MF.B LF.C CF.D NF 
High Floods Zone A HF.A 1 0.2 0.11 5 3 
Medium Floods Zone B MF.B 5 1 0.2 7 5 
Low Floods Zone C LF.C 9 5 1 9 9 
Coastal Storm Floods Zone D CF.D 0.2 0.14 0.11 1 1 
No Floods in all zones NF 0.33 0.20 0.11 1 1 

* Almost the same as the sample for level 1, the respondent has judged low floods in zone C and 
medium floods in zone B as the flood hazards more likely to occur. 

 
Sample Question level 3 

“Based on your experiences related to the flood risk in Makassar City, with respect to reducing the 
flood risk in zone A, which of these consequences are more likely to occur during the floods, 
Death/Injuries or Health Problems?   
 
 
Death/                      Health    
Injuries                        Problems 
                                                                	  	  	  	  	  	  
 
 
 
 
 
 



	   58	  

Answer results are shown in Tables 27–28 below. 

Table 27. Level 3 pairwise comparison example results (zones A & B) 
            Zone A                                                        Zone B 

Death/Injuries 

1 vs 3 Health Problems 9 vs 1 

Death/Injuries 
1 vs 7 Private Property Loss 9 vs 1 
1 vs 5 Public Property Loss 5 vs 1 
1 vs 5 House Cleaning 9 vs 1 
1 vs 9 Relocation 1 vs 1 

Health Problems 

1 vs 5 Private Property Loss 5 vs 1 

Health Problems 5 vs 1 Public Property Loss 1 vs 5 
1 vs 7 House Cleaning 5 vs 1 
1 vs 5 Relocation 1 vs 9 

Private Property 
Loss 

5 vs 1 Public Property Loss 1 vs 5 
Private Property 

Loss 5 vs 1 House Cleaning 7 vs 1 
1 vs 1 Relocation 1 vs 9 

Public Property 
Loss 

1 vs 5 House Cleaning 9 vs 1 Public Property 
Loss 1 vs 3 Relocation 1 vs 3 

House Cleaning 5 vs 1 Relocation 1 vs 9 House Cleaning 
 
 

Table 28. Level 3 pairwise comparison example results (zones C & D) 
       Zone C                                  Zone D 

Death/Injuries 

1 vs 5 Health Problems 1 vs 3 

Death/Injuries 
1 vs 5 Private Property Loss 5 vs 1 
1 vs 5 Public Property Loss 5 vs 1 
1 vs 9 House Cleaning 5 vs 1 
1 vs 1 Relocation 1 vs 1 

Health Problems 

1 vs 3 Private Property Loss 3 vs 1 

Health Problems 1 vs 5 Public Property Loss 5 vs 1 
1 vs 5 House Cleaning 5 vs 1 
5 vs 1 Relocation 1 vs 5 

Private Property 
Loss 

7 vs 1 Public Property Loss 1 vs 5 
Private Property 

Loss 1 vs 7 House Cleaning 3 vs 1 
5 vs 1 Relocation 1 vs 5 

Public Property 
Loss 

1 vs 7 House Cleaning 5 vs 1 Public Property Loss 
5 vs 1 Relocation 1 vs 3 

House Cleaning 9 vs 1 Relocation 1 vs 9 House Cleaning 
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Table 29. Matrix comparison level 3 

Criterion, Zone A D/I HP PR PB HC RL 
Zone 

B D/I HP PR PB HC RL 

Death/Injuries D/I 1 0.33 0.14 0.2 0.2 0.11 D/I 1 0.11 0.11 0.2 0.11 1 

Health Problems HP 3 1 0.2 5 0.14 0.2 HP 9 1 0.2 5 0.20 9 
Private Property 
Loss PR 7 5 1 5 5 1 PR 9 5 1 5 0.14 9 
Public Property 
Loss PB 5 0.2 0.2 1 0.2 0.33 PB 5 0.2 0.2 1 0.11 3 

House Cleaning HC 5 7 0.2 5 1 5 HC 9 5 7 9 1 9 

Relocation RL 9 5 1 3 0.2 1 RL 1 0.11 0.11 
0.3
3 0.11 1 

   Table continued … 
Table 29  (Continued) 

Criterion, Zone C D/I HP PR PB HC RL 
Zone 

D D/I HP PR PB HC RL 

Death/Injuries D/I 1 0.2 0.2 0.2 0.11 1 D/I 1 3 0.2 0.2 0.2 1 

Health Problems HP 5 1 0.33 0.2 0.2 5 HP 0.33 1 0.33 0.2 0.2 5 
Private Property 
Loss PR 5 3 1 7 0.14 5 PR 5 3 1 5 0.33 5 
Public Property 
Loss PB 5 5 0.14 1 0.14 5 PB 5 5 0.2 1 0.2 3 

House Cleaning HC 9 5 7 7 1 9 HC 5 5 3 5 1 9 

Relocation RL 1 0.2 0.2 0.2 0.11 1 RL 1 0.2 0.2 0.33 0.11 1 
* These data show how the respondent judged impacts on property (property loss either private or 

public as well as the need to clean up the houses) to have more likelihood of happening during a 

flood event compared to death/injuries. 

Sample Question level 4  

“With respect to reducing the flood risk in Zone A, which is more likely to apply/more important to 
apply, Flood Control or Flood Abatement?” 
 
Flood                Flood      
Control                  Abatement 
	   	   	   	   	   	   	   	  	  	  	  	  	  	   	  	  	  	  	  	  
 

Answer results are shown in Tables 30–31 below. 

Table 30. Level 4 pairwise comparison example results (zones A & B) 
     Zone A                                                Zone B 

Flood Control 

5 vs 1 Flood Abatement 1 vs 5 

Flood Control 
5 vs 1 Adaptation Strategy 1 vs 3 

9 vs 1 
Relocation (Permanent & 

Temporary) 1 vs 9 
9 vs 1 Do Nothing 1 vs 9 

Flood Abatement 

5 vs 1 Adaptation Strategy 1 vs 5 

Flood Abatement 9 vs 1 
Relocation (Permanent & 

Temporary) 1 vs 9 
9 vs 1 Do Nothing 1 vs 9 

Adaptation Strategy 9 vs 1 
Relocation (Permanent & 

Temporary) 1 vs 9 Adaptation Strategy 
9 vs 1 Do Nothing 1 vs 9 

Relocation (Permanent 
& Temporary) 5 vs 1 Do Nothing 1 vs 3 

Relocation (Permanent & 
Temporary) 
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Table 31.  Level 4 pairwise comparison example results (zones C & D) 
   Zone C                                   Zone D 

Flood Control 

5 vs 1 Flood Abatement 1 vs 5 

Flood Control 
5 vs 1 Adaptation Strategy 1 vs 5 

9 vs 1 
Relocation (Permanent & 

Temporary) 1 vs 9 
9 vs 1 Do Nothing 1 vs 9 

Flood Abatement 

1 vs 5 Adaptation Strategy 1 vs 1 
Flood Abatement 9 vs 1 

Relocation (Permanent & 
Temporary) 1 vs 9 

9 vs 1 Do Nothing 1 vs 9 

Adaptation Strategy 9 vs 1 
Relocation (Permanent & 

Temporary) 1 vs 9 Adaptation Strategy 
9 vs 1 Do Nothing 1 vs 9 

Relocation (Permanent & 
Temporary) 1 vs 9 Do Nothing 1 vs 9 

Relocation (Permanent & 
Temporary) 

 

The results are then transferred into a comparison matrix as shown in Table 32 below. 

Table 32. Matrix comparison level 4 

Criterion, Zone A FC FA AS RL DN 
Zone 

B FC FA AS RL DN 
Flood Control FC 1 5 5 9 9 FC 1 5 3 9 9 
Flood Abatement FA 0.2 1 5 9 9 FA 0.2 1 5 9 9 
Adaptation Strategy AS 0.2 0.2 1 9 9 AS 0.33 0.2 1 9 9 
Relocation (Permanent 
& Temporary) RL 0.11 0.11 0.11 1 5 RL 0.11 0.11 0.11 1 3 
Do Nothing DN 0.11 0.11 0.11 0.2 1 DN 9 0.11 9 9 1 

  Table continued … 
Table 32  (continued). 

Criterion, Zone C FC FA AS RL DN 
Zone 

D FC FA AS RL DN 
Flood Control FC 1 5 5 9 9 FC 1 5 5 9 9 
Flood Abatement FA 0.2 1 0.2 9 9 FA 0.2 1 1 9 9 
Adaptation Strategy AS 0.2 5 1 9 9 AS 0.2 1 1 9 9 
Relocation (Permanent 
& Temporary) RL 0.11 0.11 0.11 1 

0.1
1 RL 0.11 0.11 0.11 1 9 

Do Nothing DN 0.11 0.11 0.11 9 1 DN 0.11 0.11 0.11 0.11 1 

b. Synthesize judgments   

The second step is to calculate the relative priority for each criterion with respect to the overall goal, 

where the relative priority will represent the contribution of a criterion or risk element to the overall 

flood risk. There are two major stages in the synthesis, which are: 

o Column summary  

Tables 33-34 below are shown the summarizing of all values in each column. 
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Table 33. Column summary of matrix level 1 

Criterion (risk elements) HF MF LF CF NF 
High Floods HF 1 0.2 0.14 7 3 
Medium Floods MF 5 1 0.14 5 3 
Low Floods LF 7 7 1 9 3 
Coastal Storm 
Floods CF 0.14 0.20 0.11 1 1 
No Floods NF 0.33 0.33 0.33 1 1 

Total  13.48 8.73 1.73 23.00 11.00 
 

Table 34. Column summary of matrix level 2 

Criterion (risk elements) HF.A 
MF.
B LF.C CF.D NF 

High Floods Zone A HF.A 1 0.2 0.11 5 3 
Medium Floods Zone B MF.B 5 1 0.2 7 5 
Low Floods Zone C LF.C 9 5 1 9 9 
Coastal Storm Floods 
Zone D CF.D 0.2 0.14 0.11 1 1 
No Floods in all zones NF 0.33 0.20 0.11 1 1 

Total  15.53 6.54 1.53 23.00 19.00 
 

Table 35. Column summary of matrix level 3 

Criterion, Zone A D/I HP PR PB HC RL 
Zone 

B D/I HP PR PB HC RL 
Death/Injuries D/I 1 0.33 0.14 0.2 0.2 0.11 D/I 1 0.11 0.11 0.2 0.11 1 
Health Problems HP 3 1 0.2 5 0.14 0.2 HP 9 1 0.2 5 0.20 9 
Private Property 
Loss PR 7 5 1 5 5 1 PR 9 5 1 5 0.14 9 
Public Property 
Loss PB 5 0.2 0.2 1 0.2 0.33 PB 5 0.2 0.2 1 0.11 3 

House Cleaning 
H
C 5 7 0.2 5 1 5 HC 9 5 7 9 1 9 

Relocation RL 9 5 1 3 0.2 1 RL 1 0.11 0.11 0.33 0.11 1 
  30 18.53 2.74 19.20 6.74 7.64  34 11.42 8.62 20.53 1.67 32 

Table 35. (Continued) 

Criterion, Zone C D/I HP PR PB HC RL 
Zone 

D D/I HP PR PB HC RL 
Death/Injuries D/I 1 0.2 0.2 0.2 0.11 1 D/I 1 3 0.2 0.2 0.2 1 
Health Problems HP 5 1 0.33 0.2 0.2 5 HP 0.33 1 0.33 0.2 0.2 5 
Private Property 
Loss PR 5 3 1 7 0.14 5 PR 5 3 1 5 0.33 5 
Public Property 
Loss PB 5 5 0.14 1 0.14 5 PB 5 5 0.2 1 0.2 3 

House Cleaning 
H
C 9 5 7 7 1 9 HC 5 5 3 5 1 9 

Relocation RL 1 0.2 0.2 0.2 0.11 1 RL 1 0.2 0.2 0.33 0.11 1 
  26 14.4 8.87 15.6 1.70 26  17.33 17.2 4.93 11.73 2.04 24 

* These data show how the respondent judged the flood impacts on their property, public goods 
and their own health. 
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Table 36. Column summary matrix comparison level 4 

Criterion, Zone A FC FA AS RL DN Zone B FC FA AS RL DN 
Flood Control FC 1 5 5 9 9 FC 1 5 3 9 9 
Flood Abatement FA 0.2 1 5 9 9 FA 0.2 1 5 9 9 
Adaptation Strategy AS 0.2 0.2 1 9 9 AS 0.33 0.2 1 9 9 
Relocation (Permanent 
& Temporary) RL 0.11 0.11 0.11 1 5 RL 0.11 0.11 0.11 1 3 
Do Nothing DN 0.11 0.11 0.11 0.2 1 DN 9 0.11 9 9 1 

Total  1.62 6.42 11.2 28.2 33  1.75 6.42 9.22 28.33 31 
 Table continued … 

Table 36. (Continued). 

Criterion, Zone C FC FA AS RL DN Zone D 
F
C FA AS RL DN 

Flood Control FC 1 5 5 9 9 FC 1 5 5 9 9 
Flood Abatement FA 0.2 1 0.2 9 9 FA 0.2 1 1 9 9 
Adaptation Strategy AS 0.2 5 1 9 9 AS 0.2 1 1 9 9 
Relocation 
(Permanent & 
Temporary) RL 0.11 0.11 0.11 1 0.11 RL 0.11 0.11 0.11 1 9 
Do Nothing DN 0.11 0.11 0.11 9 1 DN 0.11 0.11 0.11 0.11 1 

Total  1.62 11.22 6.42 37 28.11  1.62 7.22 7.22 28.1 37 
 

o Normalization and relative priorities 

At this stage, there are two main calculations: one is normalization, where all the matrix 

values will be divided by the total of each column. The other is relative priorities calculation, 

where averages will be calculated from the normalized matrix by averaging each row of the 

normalized matrix.  

Table 37. Normalization and relative priorities calculation matrix level 1 

Criterion (risk elements) HF MF LF CF NF Average 
High Floods HF 0.07 0.02 0.08 0.30 0.27 0.15 
Medium Floods MF 0.37 0.11 0.08 0.22 0.27 0.21 
Low Floods LF 0.52 0.80 0.58 0.39 0.27 0.51 
Coastal Storm 
Floods CF 0.01 0.02 0.06 0.04 0.09 0.05 
No Floods NF 0.02 0.04 0.19 0.04 0.09 0.08 

Total 
 

1.00 1.00 1.00 1.00 1.00 1.00 
 

Table 38 Normalization and relative priorities calculation matrix level 2 

Criterion (risk elements) HF.A MF.B LF.C CF.D NF Average 
High Floods Zone A HF.A 0.06 0.03 0.07 0.22 0.16 0.11 
Medium Floods Zone B MF.B 0.32 0.15 0.13 0.30 0.26 0.23 
Low Floods Zone C LF.C 0.58 0.76 0.65 0.39 0.47 0.57 
Coastal Storm Floods Zone D CF.D 0.01 0.02 0.07 0.04 0.05 0.04 
No Floods NF 0.02 0.03 0.07 0.04 0.05 0.04 

Total 
 

1 1 1 1 1 1 
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Table 39. Normalization and relative priorities calculation matrix level 3 

Criterion, Zone A D/I HP PR PB HC RL 

Ave 
Zone 

A 
Zone 

B D/I HP PR PB HC RL 

Ave 
Zone 

B 

Death/Injuries D/I 0.03 0.02 0.05 0.01 0.03 0.01 0.03 D/I 0.03 0.01 0.01 0.01 0.07 0.03 0.03 

Health Problems 
H
P 0.10 0.05 0.07 0.26 0.02 0.03 0.09 HP 0.26 0.09 0.02 0.24 0.12 0.28 0.17 

Private Property 
Loss 

P
R 0.23 0.27 0.36 0.26 0.74 0.13 0.33 PR 0.26 0.44 0.12 0.24 0.09 0.28 0.24 

Public Property 
Loss 

P
B 0.17 0.01 0.07 0.05 0.03 0.04 0.06 PB 0.15 0.02 0.02 0.05 0.07 0.09 0.07 

House Cleaning 
H
C 0.17 0.38 0.07 0.26 0.15 0.65 0.28 HC 0.26 0.44 0.81 0.44 0.60 0.28 0.47 

Relocation RL 0.30 0.27 0.36 0.16 0.03 0.13 0.21 RL 0.03 0.01 0.01 0.02 0.07 0.03 0.03 

Total 
 

1 1 1 1 1 1 1 
 

1 1 1 1 1 1 1 
    Table continued … 

Table 39.  (Continued). 

Zone 
C D/I HP PR PB HC RL 

Ave 
Zone 

C 
Zon
e D D/I HP PR PB HC RL 

Ave 
Zone D 

D/I 
0.0
4 0.01 0.02 0.01 0.07 0.04 0.03 D/I 0.06 0.17 0.04 0.02 0.10 0.04 0.07 

HP 
0.1
9 0.07 0.04 0.01 0.12 0.19 0.10 HP 0.02 0.06 0.07 0.02 0.10 0.21 0.08 

PR 
0.1
9 0.21 0.11 0.45 0.08 0.19 0.21 PR 0.29 0.17 0.20 0.43 0.16 0.21 0.24 

PB 
0.1
9 0.35 0.02 0.06 0.08 0.19 0.15 PB 0.29 0.29 0.04 0.09 0.10 0.13 0.15 

HC 
0.3
5 0.35 0.79 0.45 0.59 0.35 0.48 HC 0.29 0.29 0.61 0.43 0.49 0.38 0.41 

RL 
0.0
4 0.01 0.02 0.01 0.07 0.04 0.03 RL 0.06 0.01 0.04 0.03 0.05 0.04 0.04 

Total 1 1 1 1 1 1 1 
 

1 1 1 1 1 1 1 

Table 40 Normalization and relative priorities calculation matrix level 4 

Criterion, Zone A FC FA AS RL DN 

Ave 
Zone 

A 
Zone 

B FC FA AS RL DN 

Ave 
Zone 

B 

Flood Control FC 0.62 0.78 0.45 0.32 0.27 0.49 FC 0.57 0.78 0.33 0.32 0.29 0.46 

Flood Abatement FA 0.12 0.16 0.45 0.32 0.27 0.26 FA 0.11 0.16 0.54 0.32 0.29 0.28 

Adaptation strategy AS 0.12 0.03 0.09 0.32 0.27 0.17 AS 0.19 0.03 0.11 0.32 0.29 0.19 
Relocation (Permanent 
& Temporary) RL 0.07 0.02 0.01 0.04 0.15 0.06 RL 0.06 0.02 0.01 0.04 0.10 0.04 

Do Nothing DN 0.07 0.02 0.01 0.01 0.03 0.03 DN 0.06 0.02 0.01 0.01 0.03 0.03 

Total 
 

1 1 1 1 1 1.00 
 

1 1 1 1 1 1.00 
     Table continued … 

Table 40.  (Continued). 

Zone C FC FA AS RL DN 

Ave 
Zone 

C 
Zone 

D FC FA AS RL DN 

Ave 
Zone 

D 

FC 
0.6
2 0.45 0.78 0.24 0.32 0.48 FC 0.62 0.69 0.69 0.32 0.24 0.51 

FA 
0.1
2 0.09 0.03 0.24 0.32 0.16 FA 0.12 0.14 0.14 0.32 0.24 0.19 

AS 
0.1
2 0.45 0.16 0.24 0.32 0.26 AS 0.12 0.14 0.14 0.32 0.24 0.19 

RL 
0.0
7 0.01 0.02 0.03 0.00 0.03 RL 0.07 0.02 0.02 0.04 0.24 0.08 

DN 
0.0
7 0.01 0.02 0.24 0.04 0.07 DN 0.07 0.02 0.02 0.00 0.03 0.03 

 
1 1 1 1 1 1.00 

 
1 1 1 1 1 1.00 
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Overall summary of each level element of risk are shown in table below: 

Table 41. The priority rank of each risk element in the hierarchy 

  Criterion (risk elements)   Normalized     
 

Level1 

High Floods HF 0.15     
 Medium Floods MF 0.21 

   Low Floods LF 0.51 
   Coastal Storm Floods CF 0.05 
   No Floods NF 0.08     

 

Level 
2 

High Floods Zone A HF.A 0.11     
 Medium Floods Zone B MF.B 0.23 

   Low Floods Zone C LF.C 0.57 
   Coastal Storm Floods Zone D CF.D 0.04 
   No Floods NF 0.04     

 

Level3 

    Zon A Zon B Zon C Zon D Overall 

Death/Injuries D/I 0.03 0.03 0.03 0.07 0.030 

Health Problems HP 0.09 0.17 0.10 0.08 0.112 

Private Property Loss PR 0.33 0.24 0.21 0.24 0.220 

Public Property Loss PB 0.06 0.07 0.15 0.15 0.114 

House Cleaning HC 0.28 0.47 0.48 0.41 0.431 

Relocation RL 0.21 0.03 0.03 0.04 0.049 

Level 
4 

 
  Zon A Zon B Zon C Zon D Overall 

Flood Control FC 0.49 0.46 0.48 0.51 0.456 

Flood Abatement FA 0.26 0.28 0.16 0.19 0.195 

Adaptation strategy AS 0.17 0.19 0.26 0.19 0.217 
Relocation (Permanent & 
Temporary) RL 0.06 0.04 0.03 0.08 0.034 

Do Nothing DN 0.03 0.03 0.07 0.03 0.053 
 

4.2.7 Flood Hazard Calculations 

The overall flood hazard risk was calculated by summarizing each flood risk as shown in calculation fare 

shown below: 

High Inundation flood risk 
R!" = !!"!/!×!!"!"×!!!!" + !!"!"×!!"!"×!!!!" + !!!!"×!!"!"×!!!!" +      

           !!"!"×!!"!"×!!!!" + !!"!"×!!"!"×!!!!" + !!"!"×!!"!"×!!!!"   
R!" = 0.03×0.11×0.15 + 0.09×0.11×0.15 + 0.33×0.11×0.15 +      

           0.06×0.11×0.15 + 0.28×0.11×0.15 + 0.21×0.11×0.15   
R!" = 0.017 
 
Medium Inundation flood risk 
R!" = !!"!/!×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!!!"×!!!!"×!!"!" +      

           !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!"   
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R!" = 0.33×0.23×0.21 + 0.17×0.23×0.21 + 0.24×0.23×0.21 +      

           0.07×0.23×0.21 + 0.47×0.23×0.21 + 0.03×0.23×0.21   
R!" = 0.063 
Low Inundation flood risk 
R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!"   
R!" = 0.03×0.57×0.51 + 0.10×0.57×0.51 + 0.21×0.57×0.51 +      

           0.15×0.57×0.51 + 0.48×0.57×0.51 + 0.03×0.57×0.51   
R!" = 0.291 

Coastal Storm flood risk 
R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!"   
R!" = 0.07×0.04×0.05 + 0.08×0.04×0.05 + 0.24×0.04×0.05 +      

           0.15×0.04×0.05 + 0.41×0.04×0.05 + 0.04×0.04×0.05   
R!" = 0.020 
 
and for the overall flood risk is calculated from adding all of the three flood risk into the equation : 
!!"#$%&& = !!" + !!" + !!" + !!"    

!!"#$%&& = 0.391 

So, based on the calculation above we can see that the overall of relative flood risk according respondent 

perception analysis is 0.391 or 39.1%.  The biggest contribution of the flood risk came from the low 

inundation risk which is up to 74.45% from the total of overall flood risk in Makassar city.   
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Figure below shows all the priorities that have been calculated in each level  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13.  The hierarchy model for flood risk assessment in Makassar City
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CHAPTER V. MODEL EVALUATION 
	  

5.1  Introduction 

This chapter will discuss the data/information analysis yield from interview some 

respondents in Makassar in order to test the developed flood risk model.  Respondents were 

questioned with guided questionnaire to do the pairwise comparison over the proposed flood risk 

components.  This data gathering was conducted in four different proposed zones based on the 

geographical settings and flood characteristics of each zones. 

5.2  Field Data Gathering 
This section will discuss mostly on the filed study process, from the initial stage up to field 

data collection process, as described in the two sub sections below: 

5.2.1 Initial Phase 

The initial phase of the data gathering besides providing the model, questionnaires, and 

developing network to the local community in the study area is to get the approval from the 

Human Studies Program. Furthermore, after applying for the human subject approval by filling out 

the forms, providing necessary documents (consent form, operational procedure, and questioner 

samples), and following a series of online training on the human subject then finally the HSP has 

given their approval, noted as case number : CHS# 21429  (see the human studies program 

approval in appendix). Based on this approval, then the data collection was started. 

One big challenge in conducting study overseas is the long distance, where it would give 

much limitation to the study such as budged concern, time differences, cultures and languages. 

So, in order to overcome this condition, then the researcher need to develop local networking, 

and also gather a field team. So, the researcher was contacting several local NGO’s based on his 

knowledge on the area, and finally gathers a volunteer team consists of five people (later called 

as enumerator team). All of the team members already had very good skills and experiences in 

surveying or collecting data in the society such various interview techniques and FGD (focus 

discussion groups). The entire questionnaires concept was sent through internet and printed in 

the study site.  

Respondent selection was discussed between team and the researcher. First, 

respondent group categories/criteria’s was defined/proposed by the researcher including the 

target numbers. Secondly, this respondents category were discussed with the whole team, to 

make more detail targeted respondents, which is most available and which one is not based on 

the networking resources. 



	   68	  

5.2.2 Data collection 

 Due to some limitations on the researcher such as described above, then the data 

collection was made in two different ways.  The first one is by establishing communication trough 

long distance call via phone call and Skype interview with some of the respondents.  Another was 

collected by team of enumerators. All of the enumerators were prepared with short online training 

to familiarize them with the questionnaire, the term, and the 1-9 fundamental scale, as well as on 

the need to seek for logical reasoning of the respondents when giving their judgments. They also 

conduct an interview drill before collecting the actual data in the field. 

 During data collection or interview to the proposed respondents, all of the enumerators 

were also asked to train their respondents first on the same materials in order to reduce the 

judgment bias due to miss interpretation. Furthermore, Total number respondents who were 

interviewed was as expected which is 30 respondent sampling. One interview session with 

guided questionnaires is up to between 60 to 90 minutes long.  The questioner was consists of 4 

major groups of questions grounded on the proposed hierarchy model as described in the 

previous chapter. There are 116 questions related to the model and 5 additional question related 

to simple basic respondent information in the questionnaires (see detail in table below).   

Table 42. Questionnaires brief descriptions on number of questions. 
 Matrix level questions Notes 
 Personal identification 5 Basic information, to help in 

coding/categorizing data 
 Matrix level 1 10 General hazard probability 

 Matrix Level 2 6 Hazard probability in each zone 

 Matrix Level 3 60 Consist of 4 zones group, each 
group has 15 questions. 

 Matrix Level 4 40 Consist of 4 zones group with 10 
questions each. 

 Total 121  
 

Respondents are required to answer all questions in the questionnaires. However, the 

questioner was designed for easy answer, where the respondents just need to choose their 

judgment with 1 to 9 values for each question. Before the respondent answer the question, they 

first were trained to familiarize with all the term, scenario, judgment value, and the question to 

reduce judgment bias. The respondent also was questioned for their judgment reasoning to 

provide additional logical thinking and the main reasoning why respondent give their judgment as 

the part of understanding the people opinion on how they deal with the flood risk. Questionnaires 

detail in bi-languages can be found in appendix section of this thesis.   
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5.3. Priority Analysis  
All of the judgment value was analyzed using the decision analysis software: expert choice 

and as comparison the researcher also used free online software HIPRE 3+. The analysis also 

used spreadsheet software (MS. Excels) to extract the priority of each level in the hierarchy 

model. Total sampling (N) was 30, and the data are divided into 4 (four) main part analysis based 

on respondent group plus one combination of all groups.  

Furthermore, each of respondent will be noted as their groups combined with numbers, such 

as: ZA1 to ZA5, ZD1to ZD5, ZI1to ZI5 and ZE1 to ZE5, where ZA means respondents in group 

zone A, ZE means respondents in expert group and number 1 to 5 that follow is the individual 

respondent numbers that recorded in the questionnaires and database. In order to analyze all of 

the responses, then it is needed to aggregate all of the individual priorities and represented in 

average priorities based on their groups as seen in tables below. So, basically the researcher 

need to calculate the priorities of all individual respondents and then list all of the priorities 

according to its level and calculate the average priorities of each matrix level, as will be described 

in sections below.  

5.3.1. General Respondent group 

This respondent group consist of four (4) sub groups of respondent based on their 

residential location in the flood prone area, where there are four (4) proposed group zones such 

Zone A, Zone B, Zone C and Zone D. Each group zone was represented by five (5) respondents 

and was selected randomly in the field. Most of the respondent are householders and have been 

lived in the area for more than 15 years and have experiences with the flooding event in their 

area.  The priority yields from the analysis for each respondent group are described according to 

their zone group as shown in the description below: 

 

a. Respondents Zone A. 

All the priority result for the flood risk assessment model based on respondent in zone A 

judgment is shown in tables 44 to 47 and figure 14 below. The first level of hierarchy model 

represents the flood hazard probability for four (4) different floods types and probability of “no 

floods”.  Table 44 below shows the overall priority from five (5) respondents who lived in zone 

A.  In table below, ZA1 to ZA5 (table column header) represent the priority rank of each 

individual respondent yield from the priority calculation and average column is represents the 

overall priority given by the respondent in this zone (map of each zone can be found in figure 

4 chapter 3). 
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Table 43. Priority rank for level 1 in flood model based on respondents opinion in zone A.  

Criterion ZA1 ZA2 ZA3 ZA4 ZA5 Average 
High Floods HF 0.494 0.552 0.218 0.054 0.059 0.275 
Medium Floods MF 0.245 0.210 0.190 0.115 0.105 0.173 
Low Floods LF 0.113 0.111 0.084 0.248 0.282 0.168 
Coastal Floods CF 0.057 0.050 0.052 0.029 0.031 0.044 
No Floods NF 0.091 0.077 0.456 0.554 0.523 0.340 

  
1.000 1.000 1.000 1.000 1.000 1.000 

Table above shows that “No floods” has the highest average probability compared to 

other four (4) flood types, where it is reach 0.340 or in percentage 34 %.  However, if this 

probability is compared with the overall floods event, then there are 66% of probability being 

flooded.  Moreover, among all the flood types, “high floods” event has 0.275 or 27.5% 

occurrence probability compared to all of other criterion in the hierarchy level 1.  In more 

detail to each flood prone zone, the level 2 hierarchies is deal with the probability of each 

flood types in each proposed zone. Here, respondents were asking for their judgment on the 

occurrence probability of the four (4) flood types in their area as well as in other zones. Table 

44 below shows the priority rank of the each compared element in level 2. 

Table 44. Priority rank for level 2 in flood model based on respondents opinion in zone A. 
Criterion ZA1 ZA2 ZA3 ZA4 ZA5 Average 

Zone A ZA 0.305 0.552 0.138 0.091 0.097 0.237 
Zone B ZB 0.125 0.210 0.097 0.115 0.123 0.134 
Zone C ZC 0.101 0.110 0.083 0.043 0.047 0.077 
Zone D ZD 0.091 0.051 0.063 0.033 0.035 0.055 
No Floods Zone  NZ 0.378 0.077 0.619 0.718 0.698 0.498 

  
1.000 1.000 1.000 1.000 1.000 1.000 

As shown in table above that “No floods Zone” has the highest priority rank, 0.498 or 

49.8% from the total rank. “No Flood Zones” is a criterion that described the probability of no 

flood in compared zone. This result seems similar with level 1 priority rank, where both levels 

shows higher probability of no floods compared to each floods type. However, if it is related to 

the overall flooding (flood or no flood), then the possibility of floods occurred in the all flood 

prone zones is 50.2 % which slightly higher than the probability of no floods. 

The third level of the flood model hierarchy deals with the flood impact probability in each 

proposed zone within the city.  Table 45. below shows the priority rank result from the 

respondent judgment analysis, where all the respondents put “House Cleaning” as the most 

likely problem that they would face during the flood event. All of the respondents believe that 

most likely they would need to clean their houses from mud that came along with the flood 

debris. Specific to zone A, if the flood became so bad, they would need to evacuate their self, 

but they need to keep eye on their houses regarding to looters and sometimes, one or two of 

their family will stay in the house (if possible) for security reason. This is one of the reasons 
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why some of the respondent put evacuation problem as the second most likely to occur or 

second most important to dealt with. 

Table 45. Priority rank for level 3 in flood model based on respondents opinion in zone A. 
Criterion   HF-ZA MF-ZB LF-ZC CF-ZD 

Death/Injuries D/I 0.036 0.048 0.049 0.087 
Health Problems HP 0.113 0.163 0.174 0.094 
Private Property Loss PR 0.172 0.157 0.120 0.166 
Public Property Loss PB 0.053 0.068 0.088 0.098 
House Cleaning HC 0.328 0.369 0.412 0.388 
Evacuation Problems EP 0.299 0.194 0.158 0.167 

  
1.000 1.000 1.000 1.000 

Even though flood category in zone A is high floods which supposed to be more 

dangerous to human life, and if we put as probability question (as shown in the questioner) 

that described as the most likely to happen, all the respondent did not put “death/injuries” as 

their main concern or things that more likely to occurred. This is simply because most of the 

respondents response to the question that so far there are no report on direct death/injuries 

due to flooding, so they put low probability in this parameter.  

Table 46. Priority rank for level 4 in flood model based on respondents opinion in zone A. 

Criterion   ZA1 ZA2 ZA3 ZA4 ZA5 Average 
Adaptation strategy AS 0.135 0.135 0.059 0.228 0.210 0.153 
Flood Abatement FA 0.331 0.337 0.424 0.136 0.162 0.278 
Flood Control FC 0.238 0.374 0.389 0.522 0.546 0.414 
Relocation RL 0.060 0.081 0.072 0.053 0.036 0.060 
Do Nothing DN 0.236 0.073 0.056 0.061 0.046 0.094 

  
1.000 1.000 1.000 1.000 1.000 1.000 

Respondent judgment on the alternative given for the model shows that overall 

respondent choose “flood control” as the most important alternative to be apply in all zones 

where its achieve 41.4% from the overall priority as shown in table 46 above. Table above 

also shows that most of the respondents in zone A agrees that relocation will be the last 

option to take when the flood come, since “relocation” only gain 0.060 or 6.0% from the total 

average priorities. 

After calculating the overall priority for each hierarchy level, than all the priority rank 

were noted back into each criterion within the hierarchy structure as shown in the figure 14 

below.  Noted that the entire criterion in the hierarchy structure was symbolize with certain 

code in order to make the calculation easier, and also help to reduce the size of the 

hierarchy. Table 48 below is the description of each code in the hierarchy above. 
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Table 47. Hierarchy code description. 

L11CF 
0.210 

 
L11 

The first line represents the criterion codes, where these codes describe the 
level of the criterion within the hierarchy structure. This symbol is follow with 
two numbers. The first order represents the hierarchy level, and the second 
order just representing the sequence of the criterion in each level. Example 
L11 means Level 1, criterion number 1. 

 
 
 

CF= Coastal Floods ;  MF =Medium Floods; LF =Low Floods; NF =No 
Floods. 
ZA= Zone A; ZB= Zone B; ZC= Zone C; ZD= Zone D; NZ=No Floods Zone 
D/I= Death/Injuries; HP= Health Problems; PR= Private Property Loss; PB= 
Public Property Loss; HC= House Cleaning; EP= Evacuation Problems. 
AS= Adaptation strategy; FA =Flood Abatement; FC= Flood Control; RL= 
Relocation; DN= Do Nothing 

0.210 

The second line is the priority rank of the criterion that represent in red 
numbers. This priority was generated from the pairwise comparison that 
based on respondent judgment.  

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.  Flood risk model priority rank based on respondent judgment in Zone A, Makassar 
City. 
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The lines in the figure 14 show the relation between the criterions with respect to the overall 

(top) goal. Those lines also describe how many criterions that being compared in pairwise 

comparison of each level criterion. 

Risk calculation for the overall flood risk in Makassar city obtained from people in-group A is 

described in formula below. 

High Inundation flood risk 
R!" = !!"!/!×!!"!"×!!!!" + !!"!"×!!"!"×!!!!" + !!!!"×!!"!"×!!!!" +      

           !!"!"×!!"!"×!!!!" + !!"!"×!!"!"×!!!!" + !!"!"×!!"!"×!!!!"   + 
           !!!!"×!!!!" + !!"!"×!!!!" + !!"!"×!!!!" + !!"!"×!!!!"  

R!" = 0.036×0.237×0.275 + 0.113×0.237×0.275 + 0.172×0.237×0.275 +      

           0.053×0.237×0.275 + 0.328×0.237×0.275 + 0.299×0.237×0.275  + 

           0.134×0.275 + 0.077×0.275 + 0.055×0.275  + 0.498×0.275  

R!" = 0.275 
Medium Inundation flood risk 
R!" = !!"!/!×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!!!"×!!!!"×!!"!" +      

           !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!"  + 
           !!"!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  

R!" = 0.048×0.134×0.173 + 0.163×0.134×0.173 + 0.157×0.134×0.173 +      

           0.068×0.134×0.173 + 0.369×0.134×0.173 + 0.194×0.134×0.173  + 

           0.237×0.173 + 0.077×0.173 + 0.055×0.173  + 0.498×0.173  

R!" = 0.173 
Low Inundation flood risk 
R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!"  + 
           !!"!"×!!"!" + !!!!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  
R!" = 0.049×0.77×0.168 + 0.174×0.77×0.168 + 0.120×0.77×0.168 +      

           0.088×0.77×0.168 + 0.412×0.77×0.168 + 0.158×0.77×0.168  + 

           0.237×0.168 + 0.134×0.168 + 0.055×0.168  + 0.498×0.168  

R!" = 0.168 

Coastal Storm flood risk 
R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!"  + 
           !!"!"×!!"!" + !!!!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  
R!" = 0.087×0.055×0.044 + 0.094×0.055×0.044 + 0.166×0.055×0.044 +      

           0.098×0.055×0.044 + 0.388×0.055×0.044 + 0.167×0.055×0.044  + 

           0.237×0.044 + 0.077×0.044 + 0.055×0.044  + 0.498×0.044  

R!" = 0.044 
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and for the overall flood risk is calculated from adding all of the three flood risk into the 
equation : 
!!"#$%&& = !!" + !!" + !!" + !!"    

!!"#$%&& = 0.660 

So, based on calculation above, we can see that the overall of relative flood risk 

according respondent in-group zone A is 0.660 or about 66%. Since, the main concept of risk 

adapted in this study is the risk as probability and its consequences then we can say that 

people in zone A believe that there are 66% probability of those area (zone A, B, C and D) 

being inundated as well as being exposed with the proposed flood impact. 

b. Respondent zone B 

Table 48 below shows the priority calculation for respondent in zone group B, where ZB1 

to ZB5 (as the table header) are the individual priority rank and average is the sample 

average from five (5) respondents in this group. Moreover, in table below we can see that the 

probability of “No floods” reached 0.525 or 52.5% and “low floods” became flood type that 

has the higher occurrence priority compared to other flood types.   

Table 48. Priority rank for level 1 in flood model based on respondents opinion in zone B. 

Criterion ZB1 ZB2 ZB3 ZB4 ZB5 Average 
High Floods HF 0.052 0.075 0.043 0.074 0.070 0.063 
Medium Floods MF 0.090 0.093 0.096 0.092 0.112 0.097 
Low Floods LF 0.265 0.260 0.265 0.255 0.260 0.261 
Coastal Floods CF 0.041 0.058 0.065 0.051 0.057 0.054 
No Floods NF 0.552 0.514 0.531 0.528 0.501 0.525 

  
1.000 1.000 1.000 1.000 1.000 1.000 

Overall, zone C has the highest exposure level to the flooding event compared to other 

flood zone; this can be seen in table 49 below. Actually, all the zones have slightly 

differences in priority rank among them and “No Floods Zone” (criterion that represent no 

floods in compared zones or no floods probability) has the highest likelihood up to 0.769 or 

76.9 %.  

Table 49. Priority rank for level 2 in flood model based on respondents opinion in zone B. 

Criterion ZB1 ZB2 ZB3 ZB4 ZB5 Average 
Zone A ZA 0.043 0.048 0.052 0.059 0.052 0.051 
Zone B ZB 0.059 0.062 0.074 0.038 0.062 0.059 
Zone C ZC 0.081 0.084 0.092 0.091 0.082 0.086 
Zone D ZD 0.029 0.034 0.035 0.035 0.042 0.035 
No Floods Zone  NZ 0.788 0.772 0.747 0.777 0.762 0.769 

  
1.000 1.000 1.000 1.000 1.000 1.000 
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Table 50 below describes the priority rank for level 3 model hierarchy, where the criterion 

are the floods impact while other columns are representing types of flood as well as their 

possible zones.   

Table 50. Priority rank for level 3 in flood model based on respondents opinion in zone B. 

Criterion   HF-ZA MF-ZB LF-ZC CF-ZD 
Death/Injuries D/I 0.100 0.051 0.052 0.171 
Health Problems HP 0.130 0.144 0.190 0.108 
Private Property Loss PR 0.217 0.187 0.133 0.151 
Public Property Loss PB 0.092 0.057 0.066 0.101 
House Cleaning HC 0.398 0.510 0.514 0.370 
Relocation RL 0.063 0.052 0.046 0.099 

  
1.000 1.000 1.000 1.000 

Notes:  HF-ZA= High flood in Zone A, MF-ZB = Medium Flood in Zone B, LF-ZC= Low 
Floods in Zone C, and CF-ZD=Coastal Flood in Zone D. 

 
In all flood zones as described in table above, shows that “house cleaning” is most likely 

to occur when the floods happens. The table also shows that for the second priority, most of 

the zones have different criterion, which is really depend on the flood characteristic itself. 

Furthermore, Zone A and B show that private property loss or damage is second most likely 

to occur due to the high inundation while in zone C, health problem such as skin (itchy, 

scabies, etc.) or fever. Due to the strong wind and wave during the coastal flooding, than in 

zone D, due to the strong wind and wave than direct or indirect (because of broken 

windowpane, or fallen trees) injuries or death might become real problem to deal with.  

Table 51. Priority rank for level 4 in flood model based on respondents opinion in zone B. 

Criterion   ZB1 ZB2 ZB3 ZB4 ZB5 Average 
Adaptation strategy AS 0.471 0.479 0.262 0.467 0.456 0.427 
Flood Abatement FA 0.261 0.247 0.165 0.261 0.258 0.238 
Flood Control FC 0.179 0.169 0.482 0.182 0.182 0.239 
Relocation RL 0.032 0.037 0.032 0.031 0.036 0.034 
Do Nothing DN 0.057 0.068 0.059 0.059 0.068 0.062 

  
1.000 1.000 1.000 1.000 1.000 1.000 

 

Most of the respondents in who live in zone B tend to have concrete two story houses, 

high foundation (sometimes could reach 1 or 1.5 meters above the main road) as their 

adaptation technique to the flooding event in their area. Some area even have concrete road 

that would stay strong during the floods (compare with asphalt that usually not last longer due 

to flood inundation). They also believe that combination effort between the government to 

control and monitor the river, canal and drainage system, conservation of water catchment 

area with their adaptation technique will help in reducing the flood risk. This could explain 
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why in table 51 above, adaptation strategy has the highest priority, while flood abatement and 

flood control have slightly priority differences under the adaptation strategy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15.  Flood risk assessment hierarchy model for respondent group zone B. 

Risk calculation for the overall flood risk in Makassar city obtained from people in-group B 

opinion is described in formula below. 

Risk calculation for the overall flood risk in Makassar city obtained from people in-group B is 

described in formula below. 

High Inundation flood risk 
R!" = !!"!/!×!!"!"×!!!!" + !!"!"×!!"!"×!!!!" + !!!!"×!!"!"×!!!!" +      

           !!"!"×!!"!"×!!!!" + !!"!"×!!"!"×!!!!" + !!"!"×!!"!"×!!!!"   + 
           !!!!"×!!!!" + !!"!"×!!!!" + !!"!"×!!!!" + !!"!"×!!!!"  

R!" = 0.100×0.051×0.063 + 0.130×0.051×0.063 + 0.217××0.051×0.063 +      

           0.092×0.051×0.063 + 0.398×0.051×0.063 + 0.063×0.051×0.063  + 

           0.059×0.063 + 0.086×0.063 + 0.035×0.063  + 0.769×0.063  

R!" = 0.063 
 
Medium Inundation flood risk 
R!" = !!"!/!×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!!!"×!!!!"×!!"!" +      

           !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!"  + 
           !!"!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  
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R!" = 0.048×0.059×0.097 + 0.144×0.059×0.097 + 0.187×0.059×0.097 +      

           0.057×0.059×0.097 + 0.510×0.059×0.097 + 0.052×0.059×0.097  + 

           0.051×0.059 + 0.086×0.059 + 0.035×0.059  + 0.769×0.059  

R!" = 0.059 
Low Inundation flood risk 
R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!"  + 
           !!"!"×!!"!" + !!!!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  
R!" = 0.052×0.86×0.261 + 0.190×0.86×0.261 + 0.133×0.86×0.261 +      

           0.066×0.86×0.261 + 0.514×0.86×0.261 + 0.046×0.86×0.261  + 

           0.051×0.261 + 0.59×0.261 + 0.035×0.261  + 0.769×0.261  

R!" = 0.261 

Coastal Storm flood risk 
R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!"  + 
           !!"!"×!!"!" + !!!!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  
R!" = 0.171×0.035×0.054 + 0.108×0.035×0.054 + 0.151×0.035×0.054 +      

           0.101×0.035×0.054 + 0.370×0.035×0.054 + 0.099×0.035×0.054  + 

           0.051×0.054 + 0.059×0.054 + 0.086×0.054  + 0.769×0.054  

R!" = 0.054  
 
and for the overall flood risk is calculated from adding all of the three flood risk into the 
equation : 
!!"#$%&& = !!" + !!" + !!" + !!"    

!!"#$%&& = 0.475 

Calculation above describes the overall relative risk according to people in zone group B 

opinion is 0.475 or in percentage is 47.5%. This meant that the relative risk of Makassar city 

being inundated and exposed to the flood impact is 47.5%. 

c. Respondent zone C  

The ZC1 to ZC5 column header in table 52 below are representing individual 

respondents as well as number of sampling, where there are 5 individual samples.  Table 

below demonstrates that “Low flood” has the highest occurrence probability in zone C among 

other criterion, where its priority level reaches 0.460 or around 46% from the total probability 

of flooding occurrence in all zones. 
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Table 52. Priority rank for level 1 in flood model based on respondents opinion in zone C.  

Criterion ZC1 ZC2 ZC3 ZC4 ZC5 Average 
High Floods HF 0.104 0.033 0.122 0.075 0.057 0.078 
Medium Floods MF 0.141 0.190 0.213 0.221 0.152 0.183 
Low Floods LF 0.396 0.250 0.525 0.462 0.668 0.460 
Coastal Floods CF 0.202 0.203 0.047 0.049 0.034 0.107 
No Floods NF 0.157 0.324 0.093 0.193 0.089 0.171 

  
1.000 1.000 1.000 1.000 1.000 1.000 

 
Furthermore, table above also explains that most of the criterions share almost the same 

priority rank except for the high floods and low floods. Most of respondent in zone C 

describes that low floods frequently affect their houses and even more, this type of flood is 

more often hamper their activities particularly their access road. However, their houses never 

experienced high flooding, so most of them give high score on low floods probability and 

gave low probability for high floods. Table 53 describes the priority level of each zone being 

exposed to any kind of flood hazard.  

Table 53. Priority rank for level 2 in flood model based on respondents opinion in zone C. 

Criterion ZC1 ZC2 ZC3 ZC4 ZC5 Average 
Zone A ZA 0.158 0.080 0.114 0.127 0.141 0.124 
Zone B ZB 0.119 0.116 0.151 0.115 0.146 0.129 
Zone C ZC 0.147 0.103 0.208 0.175 0.194 0.165 
Zone D ZD 0.108 0.114 0.079 0.068 0.065 0.087 
No Floods Zone  NZ 0.468 0.587 0.448 0.515 0.454 0.494 

  
1.000 1.000 1.000 1.000 1.000 1.000 

 
The probability of no flood as represented as “No Flood Zone” is 0.494 or 49.4%, which 

gain the highest priority rank in the second level of the hierarchy model. However, if we sum 

up all the probability of being inundated than it will reach 50.6% or 0.506. This is meant that 

Makassar city higher probability of being inundated every year during the rainy season. 

Group C respondents give low priority rank for both Relocation and death/injuries as the 

flood impact during the rainy season. The main reason is because they do not think that they 

would expose to the high water level of inundation that would make them need to evacuate 

their self or their family.  All of them more concern on the house cleaning, where it is most 

certainly need to be done when the flood comes. The priority level of flood impact criterion is 

described in table 54 below. 
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Table 54. Priority rank for level 3 in flood model based on respondents opinion in zone C.  

Criterion   HF-ZA MF-ZB LF-ZC CF-ZD 
Death/Injuries D/I 0.042 0.057 0.044 0.085 
Health Problems HP 0.171 0.174 0.183 0.175 
Private Property Loss PR 0.150 0.152 0.148 0.150 
Public Property Loss PB 0.171 0.179 0.176 0.182 
House Cleaning HC 0.369 0.359 0.368 0.318 
Relocation RL 0.098 0.079 0.082 0.090 

  
1.000 1.000 1.000 1.000 

  
Below is the hierarchy figure of flood risk assessment model equipped with its own priority 

rank on it. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16.  Flood risk assessment hierarchy model for respondent group zone C. 

In term of alternatives, respondent’s judgment in zone C tend to choose adaptation 

strategy as the most important alternatives to deal with the flood risk.  Most likely, 

improvement on garbage management such routine monitoring and cleaning the drainage 

system, canal and rivers body will reduce the chance of flooding in the city. They also think 

that it is not necessary to do relocation because of the flood level in their area is not too high 

and can be reduce with clearing all the drainage system. The priority rank for alternatives 

criterion is shown in table 55 below. 
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Table 55. Priority rank for level 4 in flood model based on respondents opinion in zone C.  

Criterion   ZC1 ZC2 ZC3 ZC4 ZC5 Average 
Adaptation strategy AS 0.416 0.169 0.225 0.321 0.658 0.358 
Flood Abatement FA 0.205 0.320 0.130 0.144 0.183 0.196 
Flood Control FC 0.143 0.261 0.251 0.214 0.058 0.185 
Relocation RL 0.086 0.068 0.092 0.071 0.070 0.077 
Do Nothing DN 0.150 0.182 0.302 0.25 0.031 0.183 

  
1.000 1.000 1.000 1.000 1.000 1.000 

 
Risk calculation for the overall flood risk in Makassar city obtained from people in-group C 

opinion is described in formula below. 

High Inundation flood risk 
R!" = !!"!/!×!!"!"×!!!!" + !!"!"×!!"!"×!!!!" + !!!!"×!!"!"×!!!!" +      

           !!"!"×!!"!"×!!!!" + !!"!"×!!"!"×!!!!" + !!"!"×!!"!"×!!!!"   + 
           !!!!"×!!!!" + !!"!"×!!!!" + !!"!"×!!!!" + !!"!"×!!!!"  

R!" = 0.042×0.124×0.078 + 0.171×0.124×0.078 + 0.150×0.124×0.078 +      

           0.171××0.124×0.078 + 0.369×0.124×0.078 + 0.098×0.124×0.078  + 

           0.129×0.078 + 0.165×0.078 + 0.087×0.078  + 0.494×0.078  

R!" = 0.078 
Medium Inundation flood risk 
R!" = !!"!/!×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!!!"×!!!!"×!!"!" +      

           !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!"  + 
           !!"!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  

R!" = 0.057×0.129×0.183 + 0.174×0.129×0.183 + 0.152×0.129×0.183 +      

           0.179×0.129×0.183 + 0.359×0.129×0.183 + 0.079×0.129×0.183  + 

           0.124×0.183 + 0.165×0.183 + 0.087×0.183  + 0.494×0.183  

R!" = 0.183 
Low Inundation flood risk 
R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!"  + 
           !!"!"×!!"!" + !!!!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  
R!" = 0.044×0.165×0.460 + 0.183×0.165×0.460 + 0.148×0.165×0.460 +      

           0176×0.165×0.460 + 0.368×0.165×0.460 + 0.082×0.165×0.460  + 

           0.124×0.460 + 0.129×0.460 + 0.087×0.460  + 0.494×0.460  

R!" = 0.460 
Coastal Storm flood risk 

R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!"  + 
           !!"!"×!!"!" + !!!!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  
R!" = 0.087×0.087×0.107 + 0.094×0.087×0.107 + 0.166×0.087×0.107 +      

           0.098×0.087×0.107 + 0.388×0.087×0.107 + 0.167×0.087×0.107  + 

           0.124×0.107 + 0.129×0.107 + 0.165×0.107  + 0.494×0.107  
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R!" = 0.107 
and for the overall flood risk is calculated from adding all of the three flood risk into the 
equation : 

!!"#$%&& = !!" + !!" + !!" + !!"    

!!"#$%&& = 0.829 

Flood risk model calculation yields 0.829 or 82.9% probability of being exposed to flood 

hazard and suffer its negative consequences.  

d. Respondent zone D 

Respondent judgment analysis for people who are live in zone D was represented in 

table 56 below, where ZD1 to ZD5 are the individual priority rank calculation and average is 

the overall priority rank for those respondents. Table below explains that respondents in zone 

D put medium floods and low floods, as the types of flood hazard that most likely to occur 

within the city during the rainy seasons, where they got 0.227 and 0.199 respectively or about 

22.7 % and 19.9% of the overall flood hazards.  In more general, the probability of not being 

expose to flood events is only 32% or 0.320.  

Table 56. Priority rank for level 1 in flood model based on respondents opinion in zone D.  

Criterion ZD1 ZD2 ZD3 ZD4 ZD5 Average 
High Floods HF 0.051 0.069 0.185 0.051 0.054 0.082 
Medium Floods MF 0.080 0.107 0.581 0.202 0.166 0.227 
Low Floods LF 0.137 0.258 0.114 0.282 0.203 0.199 
Coastal Floods CF 0.379 0.166 0.047 0.189 0.079 0.172 
No Floods NF 0.353 0.400 0.073 0.276 0.498 0.320 

  
1.000 1.000 1.000 1.000 1.000 1.000 

 
The priority rank in table 57 below illustrates that those flood hazards have slightly 

differences in their priority level except for the probability of not getting inundated or “No 

Flood Zone”.  The probability of not being inundated is 62.8 % where it is increased 30.8 % 

from the priority level in level one (1) as described above.  Respondents always describe that 

there are more days without floods than with floods so that is why No flood probability always 

higher than with floods. 
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Table 57. Priority rank for level 2 in flood model based on respondents opinion in zone D.  

Criterion ZD1 ZD2 ZD3 ZD4 ZD5 Average 
Zone A ZA 0.087 0.090 0.135 0.096 0.068 0.095 
Zone B ZB 0.086 0.071 0.171 0.093 0.068 0.098 
Zone C ZC 0.086 0.113 0.085 0.102 0.087 0.095 
Zone D ZD 0.120 0.085 0.074 0.094 0.047 0.084 
No Floods Zone  NZ 0.621 0.641 0.535 0.615 0.730 0.628 

  
1.000 1.000 1.000 1.000 1.000 1.000 

 

Table of priority for the flood impact below shows a pattern where “house cleaning” and 

“private property loss or damaged” are the first and second most likely problems that they will 

face during the flood event.  One factor that might explain why people in zone D put high 

priority for private property damaged is because most of the property in zone D is private 

property for residential and business proposes such as store and restaurant, with very limited 

public property except the road, canal and drainage system.  

Table 58. Priority rank for level 3 in flood model based on respondents opinion in zone D.  

Criterion   HF-ZA MF-ZB LF-ZC CF-ZD 
Death/Injuries D/I 0.112 0.040 0.044 0.047 
Health Problems HP 0.116 0.096 0.105 0.129 
Private Property Loss PR 0.204 0.241 0.244 0.219 
Public Property Loss PB 0.146 0.164 0.170 0.147 
House Cleaning HC 0.316 0.369 0.354 0.370 
Relocation RL 0.107 0.090 0.083 0.088 

  
1.000 1.000 1.000 1.000 

People in zone group D, think that flood abatement is the most important alternative in 

dealing with flood probability. They think that by conserving some water catchment area and 

better garbage management within the zone will reduce the flood risk. 

Table 59. Priority rank for level 4 in flood model based on respondents opinion in zone D.  

Criterion   ZD1 ZD2 ZD3 ZD4 ZD5 Average 
Adaptation strategy AS 0.147 0.13 0.503 0.136 0.123 0.208 
Flood Abatement FA 0.453 0.436 0.26 0.516 0.434 0.420 
Flood Control FC 0.236 0.282 0.134 0.194 0.301 0.229 
Relocation RL 0.053 0.076 0.042 0.053 0.059 0.057 
Do Nothing DN 0.111 0.076 0.061 0.101 0.083 0.086 

  
1.000 1.000 1.000 1.000 1.000 1.000 

Specific for the coastal flood due to wind and storm, people in zone D thought that one of the 

best alternatives is to build natural breakers or barriers such as mangrove forest that could 

reduce the coastal flood impact to their property. 
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Figure 17.  Flood risk assessment hierarchy model for respondent group zone D. 

Risk calculation for the overall flood risk in Makassar city obtained from people in-group D 

opinion is described in formula below. 

High Inundation flood risk 
R!" = !!"!/!×!!"!"×!!!!" + !!"!"×!!"!"×!!!!" + !!!!"×!!"!"×!!!!" +      

           !!"!"×!!"!"×!!!!" + !!"!!×!!"!"×!!!!" + !!"!"×!!"!"×!!!!"   + 
           !!!!"×!!!!" + !!"!"×!!!!" + !!"!"×!!!!" + !!"!"×!!!!"  

R!" = 0.112×0.095×0.082 + 0.116×0.095×0.082 + 0.204×0.095×0.082 +      

           0.146×0.095×0.082 + 0.316×0.095×0.082 + 0.107×0.095×0.082  + 

           0.098×0.082 + 0.095×0.082 + 0.084×0.082  + 0.628×0.082  

R!" = 0.82 
Medium Inundation flood risk 
R!" = !!"!/!×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!!!"×!!!!"×!!"!" +      

           !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!"  + 
           !!"!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  

R!" = 0.040×0.098×0.227 + 0.096×0.098×0.227 + 0.241×0.098×0.227 +      

           0.064×0.098×0.227 + 0.369×0.098×0.227 + 0.090×0.098×0.227  + 

           0.095×0.227 + 0.095×0.227 + 0.084×0.227  + 0.628×0.227  

R!" = 0.227 
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Low Inundation flood risk 
R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!"  + 
           !!"!"×!!"!" + !!!!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  
 
 
R!" = 0.044×0.095×0.199 + 0.105×0.095×0.199 + 0.244×0.095×0.199 +      

           0.170×0.095×0.199 + 0.354×0.095×0.199 + 0.083×0.095×0.199  + 

           0.095×0.199 + 0.098×0.199 + 0.084×0.199  + 0.628×0.199  

R!" = 0.199 

Coastal Storm flood risk 
R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!"!!×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!"  + 
           !!"!"×!!"!" + !!!!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  
R!" = 0.047×0.084×0.172 + 0.129×0.084×0.172 + 0.219×0.084×0.172 +      

           0.147×0.084×0.172 + 0.370×0.084×0.172 + 0.088×0.084×0.172  + 

           0.095×0.172 + 0.098×0.172 + 0.095×0.172  + 0.628×0.172  

R!" = 0.172 
 
and for the overall flood risk is calculated from adding all of the three flood risk into the 
equation : 
!!"#$%&& = !!" + !!" + !!" + !!"    

!!"#$%&& = 0.680 

So, based on the calculation above we can see that the overall of relative flood risk according 

respondent perception in group zone D is 0.680 or 68%.   

5.3.2. Expert and Institution groups 

Number of respondent that was sampled for expert and institution groups are 10 people, 

where they are divided into two categories which are Expert and Institutions sub groups and each 

sub group was represented by 5 respondent samples. Each of respondents representing different 

local institution that deals directly or indirectly with the flooding event in Makassar city such as 

City planning and zoning office, SAR (Search and Rescue) Agency, City Disaster, Mitigation and 

Management Agency, Indonesian Red Cross, and public works office.     

a. Institutions 

Respondent judgment on the flood probability from this sub group has put “coastal flood” 

as the lowest occurrence probability and “low floods” as the most likely to be occurred during 

the rainy season. All of them explain that area in zone C would certainly suffer low inundation 

floods every year due to poor management of drainage system, and there are big 

contributions from bad behavior of the city population especially about littering. Makassar city 

population does not have a good habit in terms of taking out the trash. Most likely, they would 
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trash anywhere as long as it is not in their sight. Sometimes, people burn their garbage, some 

dump it in ocean, and many more dump the garbage directly into the river body, canal or 

drainage system.  

Table 60. Priority rank for level 1 in flood model based on institutional respondent opinion.  

Criterion IN1 IN2 IN 3 IN 4 IN 5 Average 
High Floods HF 0.410 0.119 0.138 0.096 0.080 0.169 
Medium Floods MF 0.313 0.295 0.353 0.126 0.110 0.239 
Low Floods LF 0.161 0.335 0.322 0.247 0.273 0.268 
Coastal Floods CF 0.039 0.127 0.107 0.034 0.032 0.068 
No Floods NF 0.077 0.124 0.080 0.497 0.505 0.257 

  
1.000 1.000 1.000 1.000 1.000 1.000 

While in level 2 of the hierarchy, priority rank in area zone D shown as the lowest 

probability of being inundated. The other three zones (A, B and C) share almost the same 

probability as shown in table 61 below. Table below also shows that there are 0.438 or 43.8% 

probability of not being inundated in all zones, which is server as the highest priority rank in 

level 2.   

Table 61. Priority rank for level 2 in flood model based on institutional respondent opinion.  

Criterion IN1 IN2 IN 3 IN 4 IN 5 Average 
Zone A ZA 0.328 0.171 0.313 0.064 0.056 0.186 
Zone B ZB 0.251 0.167 0.169 0.077 0.064 0.146 
Zone C ZC 0.176 0.154 0.220 0.164 0.071 0.157 
Zone D ZD 0.074 0.098 0.107 0.047 0.040 0.073 
No Floods Zone  NZ 0.171 0.410 0.191 0.648 0.769 0.438 

  
1.000 1.000 1.000 1.000 1.000 1.000 

In the flood impact hierarchy level, table 62below displays that “house cleaning” has the 

highest likelihood as the problem that people may face after the floods event. Another flood 

impact that also has high priority rank in all zones is the “Private property loss”. Most of the 

respondent explains that they would concern more on their property rather than the public 

property. Moreover, indeed all the proposed zones in this study are the heavily residential 

area, so the damage on the public property is minimal.  

Table 62. Priority rank for level 3 in flood model based on institutional respondent opinion.  

Criterion   HF-ZA MF-ZB LF-ZC CF-ZD 
Death/Injuries D/I 0.028 0.043 0.046 0.077 
Health Problems HP 0.095 0.132 0.158 0.123 
Private Property Loss PR 0.147 0.202 0.175 0.209 
Public Property Loss PB 0.074 0.102 0.093 0.103 
House Cleaning HC 0.423 0.370 0.425 0.392 
Relocation RL 0.234 0.151 0.102 0.097 

  
1.000 1.000 1.000 1.000 
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Based on table 63 below, we can see that overall judgment put the Flood Abatement as 

the most important method in dealing with the flood risk in Makassar city. All of the 

respondent answer that tone of the main source of flooding in Makassar city is because of 

low public awareness on the environment where people does not care where to throw their 

garbage, so in some area inundation happen because of the drainage system was jammed 

by great quantity of garbage in the floodgate.    

Table 63. Priority rank for level 4 in flood model based on institutional respondent opinion.  

Criterion   IN1 IN2 IN3 IN4 IN5 Average 
Adaptation strategy AS 0.148 0.343 0.177 0.165 0.167 0.200 
Flood Abatement FA 0.348 0.189 0.338 0.336 0.292 0.301 
Flood Control FC 0.118 0.193 0.115 0.356 0.397 0.236 
Relocation RL 0.094 0.155 0.085 0.047 0.043 0.085 
Do Nothing DN 0.292 0.12 0.285 0.096 0.101 0.179 

  
1.000 1.000 1.000 1.000 1.000 1.000 

Some of respondent also think that drainage system in some area is needed to be deepened 

and widened as well as need to be maintain properly (routine inspection, cleaned, and 

dredging), so that is why flood control also has high priority level in the table above. 

Figure below shows the priority rank of each criterion in hierarchy structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 18.  Flood risk assessment hierarchy model for Institutional respondent group. 
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Risk calculation for the overall flood risk in Makassar city obtained from people in 

institutional group opinion is described in formula below. 

High Inundation flood risk 
R!" = !!"!/!×!!"!"×!!!!" + !!"!"×!!"!"×!!!!" + !!!!"×!!"!"×!!!!" +      

           !!"!"×!!"!"×!!!!" + !!"!"×!!"!"×!!!!" + !!"!"×!!"!"×!!!!"   + 
           !!!!"×!!!!" + !!"!"×!!!!" + !!"!"×!!!!" + !!"!"×!!!!"  

R!" = 0.028×0.186×0.169 + 0.095×0.186×0.169 + 0.147×0.186×0.169 +      

           0.074×0.186×0.169 + 0.423×0.186×0.169 + 0.234×0.186×0.169  + 

           0.146×0.169 + 0.157×0.169 + 0.073×0.169  + 0.438×0.169  

R!" = 0.169 
Medium Inundation flood risk 
R!" = !!"!/!×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!!!"×!!!!"×!!"!" +      

           !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!"  + 
           !!"!"×!!"!" + !!"!"×!!!!" + !!"!"×!!"!" + !!"!"×!!"!"  

R!" = 0.048×0.146×0.239 + 0.163×0.146×0.239 + 0.157×0.146×0.239 +      

           0.068×0.146×0.239 + 0.369×0.146×0.239 + 0.194×0.146×0.239  + 

           0.186×0.239 + 0.157×0.239 + 0.073×0.239  + 0.438×0.239  

R!" = 0.239 
Low Inundation flood risk 
R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!!×!!"!"×!!"!" + !!"!"×!!"!"×!!"!"  + 
           !!"!"×!!"!" + !!!!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  
R!" = 0.046×0.157×0.268 + 0.158×0.157×0.268 + 0.175×0.157×0.268 +      

           0.093×0.157×0.268 + 0.425×0.157×0.268 + 0.102×0.157×0.268  + 

           0.186×0.268 + 0.146×0.268 + 0.073×0.268  + 0.438×0.268  

R!" = 0.268 

Coastal Storm flood risk 
R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!!!"×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!"  + 
           !!"!"×!!"!" + !!!!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  
R!" = 0.077×0.073×0.068 + 0.123×0.073×0.068 + 0.209×0.073×0.068 +      

           0.103×0.073×0.068 + 0.392×0.073×0.068 + 0.097×0.073×0.068  + 

           0.237×0.068 + 0.077×0.068 + 0.055×0.068  + 0.498×0.068  

R!" = 0.068 
and for the overall flood risk is calculated from adding all of the three flood risk into the 
equation : 
!!"#$%&& = !!" + !!" + !!" + !!"    

!!"#$%&& = 0.743 

So, based on the calculation above we can see that the overall of relative flood risk 

according respondent perception in institutional group is 0.743 or 74.3%.   
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b. Experts Opinion 

Table 65 below shows the priority level calculation result from each individual person with 

overall average of the priority in the hierarchy level 1.  Below, we can see that respondents 

put “no floods” condition is more likely than individual flood hazards. High floods and coastal 

floods, both of them have the lowest occurrence probability while “low floods” got the highest 

probability among those four of flood hazards. 

Table 64. Priority rank for level 1 in flood model based on expert opinion group.  

Criterion EX1 EX2 EX3 EX4 EX5 Average 
High Floods HF 0.038 0.089 0.052 0.060 0.073 0.062 
Medium Floods MF 0.148 0.157 0.105 0.160 0.113 0.137 
Low Floods LF 0.249 0.280 0.271 0.283 0.324 0.281 
Coastal Floods CF 0.244 0.042 0.025 0.038 0.030 0.076 
No Floods NF 0.321 0.432 0.547 0.459 0.460 0.444 

  
1.000 1.000 1.000 1.000 1.000 1.000 

In more detail to each proposed zones, as shown in table 65below that the probability of no 

flood in each zone has the most high priority level where it reach up to 0.703 or 70.3%. 

Among the flood hazard types, the low flood is most likely to occur compared to all other flood 

hazards. 

Table 65. Priority rank for level 2 in flood model based on expert opinion group.  

Criterion EX1 EX2 EX3 EX4 EX5 Average 
Zone A ZA 0.107 0.085 0.070 0.074 0.087 0.085 
Zone B ZB 0.054 0.086 0.067 0.074 0.073 0.071 
Zone C ZC 0.028 0.112 0.103 0.106 0.120 0.094 
Zone D ZD 0.065 0.053 0.034 0.045 0.044 0.048 
No Floods Zone  NZ 0.746 0.664 0.726 0.701 0.676 0.703 

  
1.000 1.000 1.000 1.000 1.000 1.000 

Priority level on flood impact is shown in table 66 below where “house cleaning” still become 

the most likely problem of flooding.   In Zone A, B and C another problem or impact that 

becomes the second highest priority is “health problems”; while in zone D private property 

loss is the second highest priority. 

Table 66. Priority rank for level 3 in flood model based on expert opinion group.  

Criterion   HF-ZA MF-ZB LF-ZC CF-ZD 
Death/Injuries D/I 0.040 0.046 0.063 0.165 
Health Problems HP 0.195 0.190 0.208 0.088 
Private Property Loss PR 0.178 0.170 0.134 0.190 
Public Property Loss PB 0.085 0.071 0.082 0.133 
House Cleaning HC 0.394 0.474 0.455 0.259 
Relocation RL 0.107 0.049 0.059 0.166 

  
1.000 1.000 1.000 1.000 
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Some respondent in this group explain that actually flooding in Makassar is not an annual 

event this can be seen from the annual average of the water level. Moreover, the flood is only 

happening partially in some spot, but not really yearly.  Some area such as zone A is a low-

laying area that sometimes exposed to floods but this is more because there are some levees 

that were breached in many parts. So, improvement on the rivers embankment such as 

reinforces them with concrete or stone in the weakest spot would help in reducing the flood 

probability. This could explain why some respondents put flood control as the most important 

alternative to reduce the flood risk.  

Table 67. Priority rank for level 4 in flood model based on expert opinion group.  

Criterion   EX1 EX2 EX3 EX4 EX5 Average 
Adaptation strategy AS 0.488 0.124 0.139 0.138 0.152 0.208 
Flood Abatement FA 0.206 0.311 0.303 0.335 0.355 0.302 
Flood Control FC 0.106 0.406 0.379 0.364 0.345 0.320 
Relocation RL 0.065 0.059 0.071 0.044 0.036 0.055 
Do Nothing DN 0.135 0.100 0.108 0.119 0.112 0.115 

  
1.000 1.000 1.000 1.000 1.000 1.000 

All of them also agree that another source of flooding in Makassar city is water inundation 

caused by clogged in the drainage system. So, routine cleaning and improvement in drainage 

management would give high impact in reducing the flood risk. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19 Flood risk assessment hierarchy model for respondent in expert group. 
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Risk calculation for the overall flood risk in Makassar city obtained from people in-group A 

opinion is described in formula below. 

High Inundation flood risk 
R!" = !!"!/!×!!"!"×!!!!" + !!"!"×!!"!"×!!!!" + !!!!"×!!"!"×!!!!" +      

           !!"!"×!!"!"×!!!!" + !!"!"×!!"!"×!!!!" + !!"!"×!!"!"×!!!!"   + 
           !!!!"×!!!!" + !!"!"×!!!!" + !!"!"×!!!!" + !!"!"×!!!!"  

R!" = 0.040×0.085×0.062 + 0.195×0.085×0.062 + 0.178×0.085×0.062 +      

           0.085×0.085×0.062 + 0.394×0.085×0.062 + 0.107×0.085×0.062  + 

           0.071×0.062 + 0.094×0.062 + 0.048×0.062  + 0.703×0.062  

R!" = 0.062 
Medium Inundation flood risk 
R!" = !!"!/!×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!!!"×!!!!"×!!"!" +      

           !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!"  + 
           !!"!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  

R!" = 0.046×0.071×0.137 + 0.190×0.071×0.137 + 0.170×0.071×0.137 +      

           0.071×0.071×0.137 + 0.474×0.071×0.137 + 0.049×0.071×0.137  + 

           0.085×0.137 + 0.094×0.137 + 0.048×0.137  + 0.703×0.137  

R!" = 0.137 
Low Inundation flood risk 
R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!"  + 
           !!"!"×!!"!" + !!!!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  
R!" = 0.063×0.094×0.281 + 0.208×0.094×0.281 + 0.134×0.094×0.281 +      

           0.082×0.094×0.281 + 0.455×0.094×0.281 + 0.059×0.094×0.281  + 

           0.085×0.281 + 0.071×0.281 + 0.048×0.281  + 0.703×0.281  

R!" = 0.281 

Coastal Storm flood risk 
R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!"  + 
           !!"!"×!!"!" + !!!!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  
R!" = 0.165×0.048×0.076 + 0.088×0.048×0.076 + 0.190×0.048×0.076 +      

           0.133×0.048×0.076 + 0.259×0.048×0.076 + 0.166×0.048×0.076  + 

           0.085×0.076 + 0.071×0.076 + 0.094×0.076  + 0.703×0.076  

R!" = 0.076 
and for the overall flood risk is calculated from adding all of the three flood risk into the 
equation : 
!!"#$%&& = !!" + !!" + !!" + !!"    

!!"#$%&& = 0.556 

So, based on the calculation above we can see that the overall of relative flood risk according 

respondent perception in expert group is 0.556 or 55.6%.   
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5.3.3. Overall priority  

This part is the combination between all of those 30 respondents judgment to get the 

average priority of the flood risk assessment model. It is basically was done by averaging all the 

priority rank yield from each respondent into their analysis groups such as zones, expert and 

institution groups. The next step is to average again all the priority rank results from those groups 

that will lead to overall priority. Table 69 below shows the overall priority rank level 1 resulted 

from combination of all respondent judgment where it is shows a pattern that the highest 

probability is “no floods” criterion with 0.343 or 34.3% of occurrence probability. Moreover, the 

column header for table below from ZA to INS are representing the overall individual respondent 

groups, where ZA to ZD is the overall priority of zone A to zone D, EX for expert group, while INS 

is the Institution groups.  

Table 68. Priority rank for level 1 hierarchy in flood model (combination from all respondents). 

Criterion ZA ZB ZC ZD EX INS Average 
High Floods HF 0.275 0.063 0.078 0.082 0.062 0.169 0.122 
Medium Floods MF 0.173 0.097 0.183 0.227 0.137 0.239 0.176 
Low Floods LF 0.168 0.261 0.460 0.199 0.281 0.268 0.273 
Coastal Floods CF 0.044 0.054 0.107 0.172 0.076 0.068 0.087 
No Floods NF 0.340 0.525 0.171 0.320 0.444 0.257 0.343 

  
1.000 1.000 1.000 1.000 1.000 1.000 1.000 

 

The lowest probability is “Coastal Floods” where it is only reach 0.087 or 8.7% of 

probability to overall flood hazards probability. The respondents argue that coastal floods usually 

only happen during the high peak of the rainy season (beginning of January) where at that 

moment also known as the peak of the west monsoon that bring high wave, and strong wind but 

this condition is very rare. 

Table 69. Priority rank for level 2 hierarchy in flood model (combination from all respondents). 

Criterion ZA ZB ZC ZD EX INS Average 
Zone A ZA 0.237 0.051 0.124 0.095 0.085 0.186 0.130 
Zone B ZB 0.134 0.059 0.129 0.098 0.071 0.146 0.106 
Zone C ZC 0.077 0.086 0.165 0.095 0.094 0.157 0.112 
Zone D ZD 0.055 0.035 0.087 0.084 0.048 0.073 0.064 
No Floods Zone  NZ 0.498 0.769 0.494 0.628 0.703 0.438 0.588 

  
1.000 1.000 1.000 1.000 1.000 1.000 1.000 

The average flood probability in all zones was captured in the table 69 above, where 

probability of “No Flood Zone” or no flood occurrence in all zone got the highest probability which 

is 0.588 or 58.8%, while area that has the highest flood hazard occurrence is zone C which is 

0.112 or 11.2%. Total percentage of flood occurrence in all zone is 41.2 % (sum of all average 

priority except the no flood zone). 
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 Respondents response in all group (see table 70) shows that all of zones most likely 

exposed to “House cleaning” (HC). In zone A, B and D, beside HC, private property loss (PR) 

also got high priority while the lowest priority is Death/Injuries. Only in Zone C where health 

problem (HP) got higher priority than (PR).  

Table 70. Priority rank for level 3 hierarchy in flood model (combination from all respondents) 

Criterion   HF-ZA MF-ZB LF-ZC CF-ZD 
Death/Injuries D/I 0.060 0.047 0.050 0.105 
Health Problems HP 0.137 0.150 0.170 0.120 
Private Property Loss PR 0.178 0.185 0.159 0.181 
Public Property Loss PB 0.103 0.107 0.112 0.127 
House Cleaning HC 0.371 0.409 0.421 0.350 
Relocation RL 0.151 0.102 0.088 0.118 

  
1.000 1.000 1.000 1.000 

The main alternative that got the most important likelihood is Flood Abatement with 0.289 

or 28.9 % from the overall priority as shown in table 71 below. Table below also shows that 

actually the other two alternatives (adaptation strategy and flood control) have slightly differences 

with the flood adaptation. This means that many of the respondents also choose adaptation 

strategy and flood control as one alternative in dealing with the flood risk. 

Table 71. Priority rank for level 4 hierarchy in flood model (combination from all respondents). 

Criterion   ZA ZB ZC ZD ES INS Average 
Adaptation strategy AS 0.153 0.427 0.358 0.208 0.208 0.200 0.259 
Flood Abatement FA 0.278 0.238 0.196 0.420 0.302 0.301 0.289 
Flood Control FC 0.414 0.239 0.185 0.229 0.320 0.236 0.271 
Relocation RL 0.060 0.034 0.077 0.057 0.055 0.085 0.061 
Do Nothing DN 0.094 0.062 0.183 0.086 0.115 0.179 0.120 

  
1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Table above also shows that only relocation has the lowest priority in dealing with floods 

and event do nothing is consider more important than the need to relocate. Some respondent 

argue that some of the area have low topography and even below the sea water level (below zero 

up to -1 meters) which actually is a water catchment area and swampy. Yet, city development 

had reformed this area into residential and businesses area. So, during high or extreme rainy 

season this area is highly threatened by the floods and in the most case flooding in this area 

happen because of the levee or river embankment is breached. Improving the river embankment 

within this area would be costly to the government, so relocation might become one alternative, 

and convert the area back to water catchment area would also relief the flood pain in Makassar 

city. However, relocation is always become big problem in Makassar city due to limited land,  

suitable, available and affordable land in the city as well as human right problem.  
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Figure 20  Flood risk assessment hierarchy model based on overall respondent judgment 

Risk calculation for the overall flood risk in Makassar city obtained from combination of all 

respondent groups is described in formula below. 

High Inundation flood risk 
R!" = !!"!/!×!!"!"×!!!!" + !!"!"×!!"!"×!!!!" + !!!!"×!!"!"×!!!!" +      

           !!"!"×!!"!"×!!!!" + !!"!"×!!"!"×!!!!" + !!"!"×!!"!"×!!!!"   + 
           !!!!"×!!!!" + !!"!"×!!!!" + !!"!"×!!!!" + !!"!"×!!!!"  

R!" = 0.060×0.130×0.122 + 0.137×0.130×0.122 + 0.178×0.130×0.122 +      

           0.103×0.130×0.122 + 0.371×0.130×0.122 + 0.151×0.130×0.122  + 

           0.106×0.122 + 0.112×0.122 + 0.064×0.122  + 0.588×0.122  

R!" = 0.122 
Medium Inundation flood risk 
R!" = !!"!/!×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!!!"×!!!!"×!!"!" +      

           !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!" + !!"!"×!!!!"×!!"!"  + 
           !!"!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  

R!" = 0.047×0.106×0.176 + 0.150×0.106×0.176 + 0.187×0.106×0.176 +      

           0.107×0.106×0.176 + 0.409×0.106×0.176 + 0.102×0.106×0.176  + 

           0.130×0.176 + 0.112×0.176 + 0.064×0.176  + 0.588×0.176  

R!" = 0.176 
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Low Inundation flood risk 
R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!! + !!"!"×!!"!"×!!"!"  + 
           !!"!"×!!"!" + !!!!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  
R!" = 0.050×0.112×0.273 + 0.170×0.112×0.273 + 0.159×0.112×0.273 +      

           0.112×0.112×0.273 + 0.421×0.112×0.273 + 0.088×0.112×0.273  + 

           0.130×0.273 + 0.106×0.273 + 0.064×0.273  + 0.588×0.273  

R!" = 0.273 

Coastal Storm flood risk 
R!" = !!"!/!×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!!!"×!!"!"×!!"!" +      

           !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!" + !!"!"×!!"!"×!!"!"  + 
           !!"!"×!!"!" + !!!!"×!!"!" + !!"!"×!!"!" + !!"!"×!!"!"  
R!" = 0.105×0.064×0.087 + 0.120×0.064×0.087 + 0.181×0.064×0.087 +      

           0.127×0.064×0.087 + 0.350×0.064×0.087 + 0.118×0.064×0.087  + 

           0.130×0.087 + 0.106×0.087 + 0.112×0.087  + 0.588×0.087  

R!" = 0.087 

and for the overall flood risk is calculated from adding all of the three flood risk into the equation : 

!!"#$%&& = !!" + !!" + !!" + !!"    

!!"#$%&& = 0.657 

So, based on the calculation above we can see that the overall of relative flood risk according 

respondent perception is 0.657 or 65.7%.   

5.4. Discussion 
Building and running flood risk model using the AHP method gives much freedom in 

designing what the model will look like and the types of data that should be incorporate whether it 

is a qualitative data or it is a quantitative, the only limitation is that the data parameter should be 

comparable. So far, this model demonstrated that using the AHP technique, I was be able to do 

the flood risk assessment, which is grounded on risk probability theory. My flood risk model is 

really based on the people opinion about the risk to assess the relative risk of flooding in the 

study area. Furthermore, there are some challenges in the model development as well as in the 

implementation, as discuss below: 

• In the model development process, one important step is to choose or to define the proper 

parameter or criterion for the model. One challenge in defining the criterion especially in 

defining the flood hazard characteristic is because each type of flood needs to be very clear 

and robust, so people can differentiate them easily while in field, most of the flood came from 

the rivers and drainage systems during the rainy season. Moreover, each area has different 

inundation level, so my hazard identification was based on the inundation level. However, the 

difficulty is to set the category since some area has wide inundation differences and others 
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are not.  So, the hazard categorization was made using the average inundation in several 

locations (which certainly got flooded) in Makassar city by interviewing respondents, and 

reading newspaper, and other published material about the hazard types and I was be able to 

come out with three different types of flood hazard (High, medium, and low). Based on this 

observation also, the researcher adds a new category, which is coastal floods, but the 

problem is that this type of flood is very rare and really depends on the climatic condition. 

This additional category was added to the model before finalizing the questionnaires for field 

interview, so in during the data gathering process this new category already embedded in the 

questionnaires.   

• The second challenge in defining the criterion is in the flood impact level, where there are 

various flood impact possibility, but in this model, there are only six (6) big category of flood 

impact. Some category might create bias for the respondent in judging the pairwise 

comparison. For an instance “Public property loss/damaged”, sometimes it is difficult for the 

respondent in defining which is public (event thought there are available one paper that 

describes the terms) and which is not. Sometimes they did not aware that road, water 

system, or electricity are always become a part of public goods; some people still think that 

public property is a government office, etc.  Another criterion is “house cleaning”, where 

sometimes this criterion get mess up with timing. Here the question mark is about timing, 

“what is the time limitation for the impact?”, whether during the floods, after the flood, right 

after, or during certain period.  

• In assessing the risk, more detail than more accurate is sometimes not a good choice. In 

building the flood risk assessment (FRA) using AHP, more detail might mean more criteria or 

more parameters to be involved. This FRA uses four different level hierarchy, five hazard 

types plus no hazard criterion, four zones plus one criterion for no floods, and six flood impact 

criterions in each proposed zones and added with four more criterion for alternatives, which 

make this FRA have totally 34 criterions, with around 117 comparison questions. This 

condition becomes a new challenge when we are doing the interview to the respondents. 

Even more, if it is to be apply for mass interview, for instance if we want to see individual 

response to flood risk in householder level in a village or certain area that has 100 or more 

samples, then definitely this will create problem particularly dealing with time consumption 

and respondents patience in handling so many similar questions.  

• Generally, risk assessment method particularly using weight and rank to accommodate factor 

of probabilities and consequences, where usually a higher impact factor or parameter will be 

assigned highest weight or rank. However, in this flood risk model, the basic pairwise 

comparison that applies to my flood risk model especially in the impact level is basically 

meant to capture the occurrence probability of the proposed impact. So, respondent will give 

their judgment only related to occurrence probability. One sample case that could be discuss 
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in this part is the “high flood” criteria. Logically, High floods hazard supposed to have high 

possibility of death or injuries due to the high level of water and the strong currents especially 

if its happen in heavily and dense residential area.  Though, its priority rank obtained from the 

interview is very low, because most of the respondent argue that so far there are no death or 

major injuries they heard from the news or based on their knowledge. Instead, they put high 

priority to “house cleaning” that certainly the first things to do right after the floods. So, 

consequently the area that used to expose with the high floods might yield low risk priority 

while other area that has low flood will yield high priority. If, the flood model need to taken 

account the high impact issue, then this situation might be overcome by improving the 

pairwise comparison question tag by addressing the probability of the event as well as the 

impact magnitude. Using the “importance priority” question tag such as “which is more 

important to deal/addressed with during the flood event in this area, death/injuries or 
house cleaning?” This question tag would help the community in choosing which one need 

to deal first and which one later. 
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CHAPTER VI. CONCLUSION AND DISCUSSION 
 

Chapter 7 is meant to synthesize and conclude all the data analysis and discussion from 

previous chapters, as well as discuss some issues related to this study, which are addressed in 

the four main sections below. 

	  

6.1 Research Findings 

 
The main findings in this study show that the AHP model for flood risk assessment has the 

ability to incorporate people’s opinions into measuring the flood risk in Makassar City. By testing 

the model with 30 samples, the researcher was able to obtain overall flood risk priorities, and in 

even more detail, to measure the flood risk in each zone as well as testing perceptions of various 

types of alternative actions that might be important to apply to reduce flood risk. Moreover, the 

study also shows that it is possible to measure the individual risk priority according to each 

respondent and aggregate these into group risk priorities. The AHP model also includes 

consistency measurement to assess the inconsistency of each individual judgment. 

Overall, differences among the groups were insignificant, although more studies with higher 

sample numbers and more locations are necessary. But based on this study, we can see the 

potential for assessment based on perceptions that shows only insignificant differences between 

the general public, experts, and institutional representatives. This means that this technique has 

the potential to be applied at any level of the community, whether the respondents have very 

good knowledge or expertise in flooding, or combined knowledge and experience, or just 

experience in living in flood prone areas. 

 

6.2 Research Implications 

 As discussed above, this study has shown that the model can be used to incorporate 

individual and public perceptions into the analysis of flood risk as well as to analyze how 

consistent the priority results from individuals’ judgments are. These results point to the ability 

and potential to use public perceptions as a main data source in assessing flood risk, which has 

implications for flood management that are described in the section below. 

This application of the AHP to developing a flood risk model shows that the model is 

customizable in that all the elements at all hierarchy levels could be changed, added to, or 

eliminated based on needs that represent an area’s characteristics and flood characteristics. So 

anyone who would like to apply this method could customize the involved elements, or even 
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change the general risk concept according to their own risk concept/idea. However, changing the 

elements or the concept may be tricky, as it is necessary to make sure that all the elements are 

comparable, as well as representing the main risk theory or concept. Furthermore, besides the 

comparable elements problem, there are also terms and definitions problems. This is because 

this model is intended to be applied at the community level. In order to elicit people’s perceptions 

with high consistency, it is important to find perfect and fit terms and definitions for each element. 

It is supposed to be local, and not need further interpretation, so the prospective respondents 

must either have good knowledge or education or they would not be able to give their judgment 

properly. And, even more, the basic question itself must be very clear, firm, and understandable 

to all types of respondents. The combination all of these factors might contribute to higher model 

accuracy. 

Another element of this study that needs to be considered is the interview sessions. The 

interviews have the key role in assessing flood risk using the AHP model. There are many factors 

that can disturb or become obstacles to the interviews, such as less than perfectly clear 

understanding of each element in the hierarchy, improper understanding of the pair comparison 

questions, and lack of logical thinking for comparing each element in the hierarchy model. In 

order to minimize such problems, all of the respondent candidates need to be trained first with the 

questions and judgment values, as well as to become familiar with all the terms that are used and 

the main goals. By doing this kind of preparation, I think judgment bias in the field could be 

reduced.  

An alternative action that could be taken to reduce the comparison bias would be 

synthesizing all the judgments, identifying the consistency structure of each matrix, and then 

rerunning the pairwise comparisons. In this way, we could produce new priorities with high 

consistency and without changing the respondents’ main points of view. Further, an interesting 

feature of the AHP application in dealing with individual or community perceptions is that the 

model can accommodate subjective judgments of each individual and then accumulate the 

priorities into relative priorities for groups, where the consistency of each individual judgment can 

be measured. This consistency measurement is really useful for reducing or minimizing flaws or 

bias in judgments. 

6.3 Management Implications 

This study has several implications for flood risk management in general. First, it addresses 

the availability of techniques or methods for assessing risk. This study provides an additional or 

alternative risk assessment method besides the conventional risk assessment, which is mostly 

based on physical assessment (bio-geo-hydrology), which enriches the existing flood risk 

assessment methods and techniques. Governments or institutions have more options in 
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measuring risk when they can adapt any of these methods according to their needs and 

capability. 

This application model is addressing the scientific data availability, where in some areas 

especially in remote environment there are many limitations to access data or information related 

to hydrology, water flow/current, overall water depth, debit in and out, elevation, slope, land 

form/types, land-use, climatology due to various issues such as budged limitation, inaccessible 

area, instrument problem and other limitation issue.  Conceptually, this AHP application model is 

focus on augmenting the scientific data related to the flood risk measurement by capturing 

people’s opinions in judging the pairwise comparisons on flood hazard probability and its negative 

impacts. Moreover, public and community knowledge and experiences as individuals or groups 

who already have proven that they can live in dangerous areas are an excellent data/information 

source for disaster management planning. Including their perceptions as one of the valuable 

data/information sources should become another option to overcome problems of data 

availability, and may also become a tool to understand what the public or communities really want 

or need in relation to the flood risk, which would lead to better management, and might also 

increase public confidence about existing flood risk management in general. 

Furthermore, the model also is not very complicated and has no need for sophisticated 

instruments. It is quite fast and easy to do. For remote areas, such as remote islands or isolated 

areas with limited budgets, this method could be applied to measure their flood risk until they had 

enough resources to do conventional physical and integrated risk assessment.  

 

6.4 Potential and Future Development 
 

Because the AHP can accommodate customizing of the model parameters, especially in the 

risk concept, geographical settings, hazards, and community characteristics, there is a wide 

spectrum of research opportunities in which the AHP could be applied. Furthermore, studying and 

exploring the correlation between people’s opinions and their spatial context, such as individual’s 

static positions (their permanent addresses), would allow the respondents’ answers to be more 

specific to their location and could be presented as singular points (with a radius) and interpolated 

with various interpolation techniques, which would help in visualizing risk with a broader point of 

view as a risk map. This type of study also has a wider potential related to sampling techniques 

and data interpolations, as well as accuracy and uncertainty in data and analysis, which could be 

addressed in future research or studies.  

Combining public opinion parameters and other physical, climatic, or geo-hydrological 

parameters also might contribute to the model’s development and, even more important, to better 

flood management to reduce flood risk. Testing groups’ parameters in terms of prediction 

accuracy could improve both the human aspect (public or individual opinion) and the 

physical/environmental aspect (geo-hydro-climate, etc.) to fill gaps in terms of accuracy and cost. 
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Future research related to the parameters of the model itself is needed, especially to test this 

model in various geographic contexts with different flood hazard and community characteristics. 

Any such research would contribute to the model’s future development in particular, and to better 

flood hazard management, especially in reducing the flood risk at the community level. 
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APPENDIX 
 

 

• Human Studies Program Approval 

• Field Questionnaire example 
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Analisis Resiko Banjir Kota Makassar 

Makassar city Flood Risk Analysis 
 

Topography and climate condition together with the rapid city development (such as 

urbanization and peri‐urbanization) is one factor that lead the Makassar city, one of five 

biggest coastal cities in Indonesia, become more front to flooding events. Flooding is a 

common phenomenon in this city, where it likely almost happen every year and have 

tendency to increase every year.  

Kondisi topografi, dan iklim yang dikombinasikan dengan laju perkembangan kota 

(urbanisasi dan peri‐urbanisasi) menjadi salah satu faktor yang menyebabkan Kota 

Makassar yang merupakan adalah salah satu kota pesisir terbesar di Indonesia (selain 

Jakarta, Surabaya, Medan, Samarinda dan Gorontalo) menjadi kota yang sangat rawan 

akan bahaya banjir. Banjir adalah suatu fenomena umum di kota ini yang terjadi hampir 

setiap tahunnya dengan kecenderungan frekuensi yang meningkat setiap tahunnya. 

One key role in flood management is flood risk assessment where this assessment 

plays a key role in city development plan in identifying the flood risk and managing the 

resources to deal with the flood events.  However, an accurate and integrated flood risk 

assessment may need sophisticated instruments, and enormous biophysics data 

(climatology, hydrology, topography, land‐use, land‐covers, and other physical data), social 

and economy data including all the economic activities that might be lost or disrupted 

during the flood. Those sets of data for some reasons may not available or they are high 

cost and not efficient for most cities in Indonesia.  So, it is needed to use any flood risk 

assessment method without compromising the accuracy. In other hand, community 

experiences living in high risk area are invaluable knowledge of resilience but not much 

been explored and even more sometimes are ignored.  So, this research project is trying to 

develop a flood risk assessment model that based on capturing and analyzing community 

experiences in assessing the risk. 

Salah satu kunci  utama dalam pengendalian banjir adalah kajian/analisis resik yang 

diperuntukkan untuk mengidentifikasi potensi banjir dan mengelola sumberdaya yang ada 

sebagai upaya dalam penanggulangan banjir di kota Makassar.  Namun, analisis resiko 

banjir yang akurat dan terintegrasi membutuhkan kombinasi antara peralatan mutakhir,  

data‐data biofisik (iklim, hidrologi, topografi, penggunaan lahan, tutupan lahan, dan 

berbagai data‐data fisik lainnya), data sosial dan ekonomi yang terancam atau berpotensi 

terganggu akibat banjir.  Data‐data tersebut di atas, untuk beberapa daerah di pesisir di 

Indonesia masih sangat sulit untuk diaksess baik itu alasan ketersediaan teknologi ataupun 

keterbatasan dana/anggaran, ataupun tidak efisien  untuk diadakan.  Oleh sebab itu, 

dibutuhkan metode‐metode baru dalam menganalisis potensi resko banjir yang cukup 

murah tapi tetap memiliki tingkat akurasi yang tinggi dan bisa diterapkan dengan mudah di 

di kawasan pesisir Indonesia.  Di sisi lain, metode yang menggunakan pengetahuan 

masyarakat berdasarkan pengalamannya hidup bertahun‐tahun di daerah rawan bencana 

ataupun daerah yang memiliki tingkat resiko tinggi akan bencana alam seperti banjir  

masih kurang di eksplorasi . Pengetahuan masyarakat tersebut merupakan informasi yang 

sangat berharga tentang resiliensi (ketahanan hidup), dan adaptasi hidup di kawasan 

rawan bencana.  Oleh sebab itu,  penelitian ini akan mencoba membangun sebuah 

metode/model yang menganalisis resiko banjir yang memanfaatkan dan menganalisis 

pengalaman masyarakat dalam memprediksi pontensi/resiko banjir. 
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Tujuan/Objectives: 

The main objective of this research is to develop a flood risk assessment model for 

Makassar city based on the community perception where it should serve as an alternative 

model assessing the flood probability, consequences as well as action alternative for 

reducing the flood risk. 

Tujuan utama dari penelitian ini adalah untuk membangun sebuah metode dalam 

menganalisa potensi resiko  banjir di Kota Makassar yang memanfaatkan pengalaman 

masrakat , diharapkan metode analisa ini dapat menjadi metode alternatif dalam 

mengukur tingkat potensi dan dampak bencana banjir  serta rencana alternatif dalam 

mengurangi resiko banjir .  

Second objective is to evaluate the alternative model on how it works, how it will 

address the diversity of perception, but it not aimed to describe the typicality or 

representativeness of the community perception. 

Tujuan lain dari penelitian ini adalah mengevaluasi model yang dibangun ini, 

bagaimana efektifitas kerjanya, seberapa baik metode ini dalam mengakomodasi 

keberagaman pengalaman yang ada. 
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Jika terjadi banjir, mana yang paling memungkinkan untuk terjadi  ? kolom C ataukah kolom D ? 

With respect to reduce the flood risk in Zone A, during the flood event, which is more likely to happen, 

element in column C or element in column D? 

Kolom C / Column C  9  7  5 3 1 3 5 7 9 Kolom D / Column D 

Masalah Kesehatan 
Health Problems 

 

                          
Kerusakan properti pribadi 

Private property loss/damaged 

                          
Kerusakan fasilitas umum 

Public property loss/damaged 

                          
Bersih‐bersih rumah 
House cleaning up 

                          
Pengungsian 
Relocation 

Jika terjadi banjir, mana yang paling memungkinkan untuk terjadi  ?  kolom E ataukah kolom F ? 

With respect to reduce the flood risk in Zone A, during the flood event, which is more likely to happen, 

element in column E or element in column F? 

Kolom E / Column E  9  7  5 3 1 3 5 7 9 Kolom F / Column F 

Kerusakan properti pribadi 
Private property 
loss/damaged 

Kerusakan fasilitas umum 
Public property loss/damaged 

Bersih‐bersih rumah 
House cleaning up 

Pengungsian 
Relocation 

Jika terjadi banjir, mana yang paling memungkinkan untuk terjadi  ? kolom G ataukah kolom H? 

With respect to reduce the flood risk in Zone A, during the flood event, which is more likely to happen, 

element in column G or element in column H? 

Kolom G / Column G  9  7  5 3 1 3 5 7 9 Kolom H / Column H 

Kerusakan fasilitas umum 
Public property 
loss/damaged 

Bersih‐bersih rumah 
House cleaning up 

Pengungsian 
Relocation 

Jika terjadi banjir, mana yang paling memungkinkan untuk terjadi  ? kolom I ataukah kolom J ? 

With respect to reduce the flood risk in Zone A, during the flood event, which is more likely to happen, 

element in column I or element in column J? 

Kolom I / Column I  9  7  5 3 1 3 5 7 9 Kolom J / Column J 

Bersih‐bersih rumah 
House cleaning up 

Pengungsian 
Relocation 
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Jika terjadi banjir, mana yang paling memungkinkan untuk terjadi  ?  kolom E ataukah kolom F ? 

With respect to reduce the flood risk in Zone B, during the flood event, which is more likely to happen, 

element in column E or element in column F? 

Kolom E / Column E  9  7  5 3 1 3 5 7 9 Kolom F / Column F 

Kerusakan properti pribadi 
Private property 
loss/damaged 

Kerusakan fasilitas umum 
Public property loss/damaged 

Bersih‐bersih rumah 
House cleaning up 

Pengungsian 
Relocation 

Jika terjadi banjir, mana yang paling memungkinkan untuk terjadi  ? kolom G ataukah kolom H? 

With respect to reduce the flood risk in Zone B, during the flood event, which is more likely to happen, 

element in column G or element in column H? 

Kolom G / Column G  9  7  5 3 1 3 5 7 9 Kolom H / Column H 

Kerusakan fasilitas umum 
Public property 
loss/damaged 

Bersih‐bersih rumah 
House cleaning up 

Pengungsian 
Relocation 

Jika terjadi banjir, mana yang paling memungkinkan untuk terjadi  ? kolom I ataukah kolom J ? 

With respect to reduce the flood risk in Zone B, during the flood event, which is more likely to happen, 

element in column I or element in column J? 

Kolom I / Column I  9  7  5 3 1 3 5 7 9 Kolom J / Column J 

Bersih‐bersih rumah 
House cleaning up 

Pengungsian 
Relocation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Berdasarka

beberapa j

pada saat 

Based on y

zone A, wh

 

 

 

 

Jika terjad

With resp

element in

Kolo

Kem
De

Jika terjad

With resp

element in

Kolo

Mas
He

 

 

 

an pengalaman

jenis dampak 

banjir di masin

your experience

hich of those co

di banjir, ma

pect to reduce

n column A or

m A / Column 

matian/luka‐luk
eath/ Injuries 

di banjir, ma

pect to reduce

n column C or

om C / Column 

alah Kesehata
alth Problems 

 

n anda yang be

akibat banjir d

ng‐masing zon

es that related

onsequences th

na yang palin

e the flood risk

r element in c

A  9  7

a 

     

     

     

     

     

na yang palin

e the flood risk

r element in c

C  9  7

n 

     

     

     

     

erkaitan denga

di bawah  ini, m

na berikut ini ?

d to the flood ri

hat more likely

Zon

ng memungk

k in Zone C, d

column B?  

7  5 3 1

        

        

        

        

        

ng memungk

k in Zone C, d

column D? 

7  5 3 1

        

        

        

        

an kajadian ban

mana yang me

? 

isk in Makassa

y to occur durin

a  C/ Zone 

kinkan untuk 

during the floo

3 5 7 9

        

        

        

        

        

kinkan untuk 

during the floo

3 5 7 9

        

        

        

        

njir selama ting

enurut anda ya

ar city, With res

ng the floods.

C 

terjadi  ? kol

od event, whi

9 Kol

 
Ma
H

 
Kerusa

Private p

 
Kerus

Public p

 
Ber
Ho

 

terjadi  ? kol

od event, whi

9 Kolo

 
Kerusa

Private p

 
Kerus

Public p

 
Ber
Ho

 

ggal/hidup di k

ang paling mun

spect to reduce

lom A atauka

ich is more lik

lom B / Colum

asalah Kesehat
Health Problem

akan properti p
property loss/d

akan fasilitas u
property loss/da

rsih‐bersih rum
ouse cleaning u

Pengungsian 
Relocations 

lom C atauka

ich is more lik

om D / Column

akan properti p
property loss/d

akan fasilitas u
property loss/da

rsih‐bersih rum
ouse cleaning u

Pengungsian 
Relocation 

kota ini, Dari 

ngkin akan ter

e the flood risk

ah kolom B ?

kely to happe

n B 

tan 
ms 

pribadi 
damaged 

umum 
amaged 

mah 
up 

ah kolom D ?

kely to happe

n D 

pribadi 
damaged 

umum 
amaged 

mah 
up 

13 

rjadi 

k in 

en, 

en, 



14 
 

Jika terjadi banjir, mana yang paling memungkinkan untuk terjadi  ?  kolom E ataukah kolom F ? 

With respect to reduce the flood risk in Zone C, during the flood event, which is more likely to happen, 

element in column E or element in column F? 

Kolom E / Column E  9  7  5 3 1 3 5 7 9 Kolom F / Column F 

Kerusakan properti pribadi 
Private property 
loss/damaged 

Kerusakan fasilitas umum 
Public property loss/damaged 

Bersih‐bersih rumah 
House cleaning up 

Pengungsian 
Relocation 

Jika terjadi banjir, mana yang paling memungkinkan untuk terjadi  ? kolom G ataukah kolom H? 

With respect to reduce the flood risk in Zone C, during the flood event, which is more likely to happen, 

element in column G or element in column H? 

Kolom G / Column G  9  7  5 3 1 3 5 7 9 Kolom H / Column H 

Kerusakan fasilitas umum 
Public property 
loss/damaged 

Bersih‐bersih rumah 
House cleaning up 

Pengungsian 
Relocation 

Jika terjadi banjir, mana yang paling memungkinkan untuk terjadi  ? kolom I ataukah kolom J ? 

With respect to reduce the flood risk in Zone C, during the flood event, which is more likely to happen, 

element in column I or element in column J? 

Kolom I / Column I  9  7  5 3 1 3 5 7 9 Kolom J / Column J 

Bersih‐bersih rumah 
House cleaning up 

Pengungsian 
Relocation 
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Jika terjadi banjir, mana yang paling memungkinkan untuk terjadi  ?  kolom E ataukah kolom F ? 

With respect to reduce the flood risk in Zone D, during the flood event, which is more likely to happen, 

element in column E or element in column F? 

Kolom E / Column E  9  7  5 3 1 3 5 7 9 Kolom F / Column F 

Kerusakan properti pribadi 
Private property 
loss/damaged 

Kerusakan fasilitas umum 
Public property loss/damaged 

Bersih‐bersih rumah 
House cleaning up 

Pengungsian 
Relocation 

Jika terjadi banjir, mana yang paling memungkinkan untuk terjadi  ? kolom G ataukah kolom H? 

With respect to reduce the flood risk in Zone D, during the flood event, which is more likely to happen, 

element in column G or element in column H? 

Kolom G / Column G  9  7  5 3 1 3 5 7 9 Kolom H / Column H 

Kerusakan fasilitas umum 
Public property 
loss/damaged 

Bersih‐bersih rumah 
House cleaning up 

Pengungsian 
Relocation 

Jika terjadi banjir, mana yang paling memungkinkan untuk terjadi  ? kolom I ataukah kolom J ? 

With respect to reduce the flood risk in Zone D, during the flood event, which is more likely to happen, 

element in column I or element in column J? 

Kolom I / Column I  9  7  5 3 1 3 5 7 9 Kolom J / Column J 

Bersih‐bersih rumah 
House cleaning up 

Pengungsian 
Relocation 
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Untuk mengurangi resiko banjir di zona A, mana yang paling penting di aplikasikan, kolom C ataukah kolom D ? 

With respect to reduce the flood risk in Zone A, which is more likely to apply, element in column C or element in 

column D? 

Kolom C / Column C  9  7 5 3 1 3 5 7 9 Kolom D / Column D 

Pencegahan Banjir 
Flood Abatement 

                          
Pengontrolan Banjir 

Flood Control 

                          
Relokasi 
Relocation 

                          
Tidak perlu melakukan apa‐apa 

Do Nothing 

Untuk mengurangi resiko banjir di zona A, mana yang paling penting di aplikasikan, kolom E ataukah kolom F ? 

With respect to reduce the flood risk in Zone A, which is more likely to apply, element in column E or element in 

column F? 

Kolom E / Column E  9  7 5 3 1 3 5 7 9 Kolom F / Column F 

Pengontrolan Banjir 
Flood Control 

                          
Relokasi 
Relocation 

                          
Tidak perlu melakukan apa‐apa 

Do Nothing 

Untuk mengurangi resiko banjir di zona A, mana yang paling penting di aplikasikan? kolom G ataukah 

kolom H ? 

With respect to reduce the flood risk in Zone A, which is more likely to apply, element in column G or 

element in column H? 

Kolom G / Column G  9  7 5 3 1 3 5 7 9 Kolom H / Column H 

Relokasi 
Relocation                            

Tidak perlu melakukan apa‐apa 
Do Nothing 

 

 

 

 

 

 

 

 

 

 



 

Berdasarka

beberapa j

yang palin

Based on y

impact in z

 

 

 

 

Untuk men

With respe

column B? 

K

A

Untuk men

With respe

column D?

K

P
F

 

 

 

 

an pengalaman

jenis program 

g cocok untuk

your experience

zone B, which o

ngurangi resik

ect to reduce th

Kolom A / Colu

Strategi Adap
Adaptation Stra

ngurangi resik

ect to reduce th

? 

Kolom C / Colu

Pencegahan B
Flood Abatem

n anda yang be

pengurangan 

k mengurangi r

es that related

of those altern

ko banjir di zon

he flood risk in 

mn A 

tasi 
ategy 

ko banjir di zon

he flood risk in 

umn C 

Banjir 
ment 

erkaitan denga

resiko banjir d

resiko terjadin

d to the flood ri

ative actions th

ZONA

na B, mana yan

Zone B, which

9  7 5

        

        

        

        

na B, mana yan

Zone B, which

9  7 5

        

        

        

an kejadian ban

di bawah  ini, m

ya banjir di zo

isk in Makassa

hat more impo

A B / ZONE

ng paling pent

h is more likely 

3 1 3 5

          

          

          

          

ng paling pent

h is more likely 

3 1 3 5

          

          

          

njir selama ting

mana yang pa

ona B ? 

ar city, With res

ortant to apply

E B 

ting di aplikasi

to apply, elem

5 7 9

     

     

     

     
T

ting di aplikasi

to apply, elem

5 7 9

     

     

     
T

ggal/hidup di k

ling anda angg

spect to reduce

y ? 

ikan, kolom A 

ment in column 

Kolom B

Pencega
Flood A

Pengont
Flood

Re
Relo

Tidak perlu me
Do N

ikan, kolom C 

ment in column 

Kolom D

Pengont
Flood

Re
Relo

Tidak perlu me
Do N

kota ini, Dari 

gap penting at

e the flood risk

ataukah kolom

A or element i

B / Column B 

ahan Banjir 
Abatement 

trolan Banjir
d Control 

elokasi 
ocation 

elakukan apa
Nothing 

ataukah kolom

C or element i

D / Column D 

trolan Banjir
d Control 

elokasi 
ocation 

elakukan apa
Nothing 

19 

tau 

k and 

m B ? 

in 

‐apa 

m D ? 

in 

‐apa 



20 
 

Untuk mengurangi resiko banjir di zona B, mana yang paling penting di aplikasikan, kolom E ataukah kolom F ? 

With respect to reduce the flood risk in Zone B, which is more likely to apply, element in column E or element in 

column F? 

Kolom E / Column E  9  7 5 3 1 3 5 7 9 Kolom F / Column F 

Pengontrolan Banjir 
Flood Control 

                          
Relokasi 
Relocation 

                          
Tidak perlu melakukan apa‐apa 

Do Nothing 

Untuk mengurangi resiko banjir di zona B, mana yang paling penting di aplikasikan? kolom G ataukah 

kolom H ? 

With respect to reduce the flood risk in Zone B, which is more likely to apply, element in column G or 

element in column H? 

Kolom G / Column G  9  7 5 3 1 3 5 7 9 Kolom H / Column H 

Relokasi 
Relocation                            

Tidak perlu melakukan apa‐apa 
Do Nothing 
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Untuk mengurangi resiko banjir di zona C, mana yang paling penting di aplikasikan, kolom E ataukah kolom F ? 

With respect to reduce the flood risk in Zone C, which is more likely to apply, element in column E or element in 

column F? 

Kolom E / Column E  9  7 5 3 1 3 5 7 9 Kolom F / Column F 

Pengontrolan Banjir 
Flood Control 

                          
Relokasi 
Relocation 

                          
Tidak perlu melakukan apa‐apa 

Do Nothing 

Untuk mengurangi resiko banjir di zona C, mana yang paling penting di aplikasikan? kolom G ataukah 

kolom H ? 

With respect to reduce the flood risk in Zone C, which is more likely to apply, element in column G or 

element in column H? 

Kolom G / Column G  9  7 5 3 1 3 5 7 9 Kolom H / Column H 

Relokasi 
Relocation                            

Tidak perlu melakukan apa‐apa 
Do Nothing 
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Untuk mengurangi resiko banjir di zona D, mana yang paling penting di aplikasikan, kolom E ataukah kolom F ? 

With respect to reduce the flood risk in Zone D, which is more likely to apply, element in column E or element in 

column F? 

Kolom E / Column E  9  7 5 3 1 3 5 7 9 Kolom F / Column F 

Pengontrolan Banjir 
Flood Control 

                          
Relokasi 
Relocation 

                          
Tidak perlu melakukan apa‐apa 

Do Nothing 

Untuk mengurangi resiko banjir di zona D, mana yang paling penting di aplikasikan? kolom G ataukah 

kolom H ? 

With respect to reduce the flood risk in Zone D, which is more likely to apply, element in column G or 

element in column H? 

Kolom G / Column G  9  7 5 3 1 3 5 7 9 Kolom H / Column H 

Relokasi 
Relocation                            

Tidak perlu melakukan apa‐apa 
Do Nothing 
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