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Abstract. Makassar – the largest and fastest growing area in eastern Indonesia – experienced 

significant number of damages and losses due to recurrent floods. In early 2019, the flood disaster 

exposed the urbanized area and inundated 1,658 houses and caused 9,328 impacted population. These 

figures imply that Makassar needs to create concerted efforts to improve its currently low resilience 

to floods. This study was designed to assess the urban resilience to floods in Makassar to provide the 

government with reference for evaluation and identify the most contributing factors to the resilience. 

In this context, resilience was assessed in four urban systems, namely physical, social, economic, and 

institutional, in every unit of analysis, i.e., flood-affected districts. The research data included building 

density, green open space, population density, the number of economically disadvantaged households, 

community's subsistence funds, and the availability of early warning systems and disaster emergency 

stations. The physical, social, economic, institutional, and equal scenarios of resilience were modeled 

using the Spatial Multi-Criteria Evaluation (SMCE). The results showed that the districts in Makassar 

were moderately resilient to floods and that the resilience of each urban system shaped the overall 

resilience. Tamalate and Rappocini sub districts had the lowest resilience values, whereas Manggala 

was estimated as the most highly resilient district in several scenarios. 

1 Introduction  

Urbanization gives a sufficient boost to multiply the 

number of populations in urban areas, leading to increased 

demand on, particularly, residential land. With the limited 

availability of inhabitable space, population growth 

causes the shift in land utilization and the use of i.e. 

riverbanks for settlements. This illegal land 

transformation entails environmental changes that may 

lead to adverse impacts, including more frequent 

occurrences of floods in large urban areas in floodplains 

and lowlands [1] [2]. 

The City of Makassar, the capital of the Sulawesi 

Selatan Province, plays a crucial role in the growth of the 

eastern side of Indonesia. It lies directly adjacent to the 

Makassar Straits and, for this reason, becomes one of the 

busy trade routes in Asia and the primary entrance to the 

eastern part of the country. As a result, uncontrolled 

urbanization persists and triggers various problems, such 

as floods. Floods hit the city every year; also, based on the 

National Disaster Management Agency (BNPB) data in 

2019, their impact has been quite extensive in the last few 

years, as shown in Table 1.  

Table 1. Flood impacts at the City of Makassar 

Years Casualties  
Damaged and 

inundated houses 

2019 9328 9328 

2017 17376 2924 

2015 2085 417 

2013 5753 288 
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The Government of the Makassar City has made 

several efforts to deal with floods, namely, establishing 

emergency stations, providing assistance for evacuations, 

deploying evacuation teams, and, for mitigation purposes, 

normalizing channels that are often clogged and overflow. 

Nevertheless, in 2017 and early 2019, these efforts 

remained ineffective to prevent flooding in the city, 

leading to even higher losses. Floods are natural events 

that cannot be predicted its magnitude; therefore, the 

strategies required must be useful not only for flood 

prevention but also impact reduction. One strategy that 

has been considered to lower flood risks is to build 

disaster-resilient cities. A resilient city is part of the 

sustainable city development program used by the 

government to deal with current city development and 

climate change issues [3]. Resilience occurs if a city can 

maintain its condition even when under outside/inside 

pressure and can restore its function immediately [4]. A 

resilient city describes a city that is sustainable and livable 

for the community [5].  

 Continuously expanding urbanization in Makassar 

leads to elevated flood hazard and risk. From 2010 to 

2019, the increasing trend of flood-related losses in the 

city warrants the need for realizing a resilient city. Parts 

of the process include evaluating the current resilience to 

produce guidelines for resilience enhancement planning.  

1.1. Literature Review 

Resilience is perceived as a concept that can build a better 

city by factoring in disaster impacts and raising the 

capacity of its residents to adapt to and deal with uncertain 

risks in the long term.  In the context of sustainable city, 
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this concept is of vital importance because it focuses on 

disruptions induced by humans, which are deemed 

responsible for the emergence of global impacts [6],[7]. 

Urban resilience also defines the ability of a city as a 

whole to maintain its previous functions and the ability of 

urban systems to adapt in the face of disturbances or 

changes [8] The resilience concept takes form following 

the uncertainty of pressures or shocks that may arise at 

any time, and in response to this, a robust resilience 

system is required Apart from the scale, the likely impact 

of floods is also unpredictable. Floods are part of 

environmental dynamics, meaning that flood control is 

unnecessary. 

Urban resilience assessment is an essential step in 

realizing better preparedness in overcoming, mitigating, 

and adapting to disturbances that threaten the urban 

system. It can also help understand the complexity of an 

existing system within the city and investigate the 

different impacts felt and exerted by every environmental, 

social, economic, physical, and institutional element. In 

the context of floods, this assessment integrates three 

aspects, namely, response to floods, adaptation taken 

immediately after a flood event, and recovery to previous 

functions [9]. Also, it covers three capacities that compose 

the definition of resilience, i.e., absorptive, persistent, and 

adaptive-recuperative. These three capacities illustrate 

each part of the disaster cycle, as seen in Figure 1. In this 

study, the urban resilience assessment of Makassar is 

based on the resilience of urban systems, which can be 

differentiated into physical, economic, social, and 

institutional resilience, to illustrate the three capacities in 

the resilience concept.  

 

Fig. 1 The position of the resilience concept in the disaster 

cycle. Source: [10] 

 

2 Research Method 

2.1 Data Collection  

The research area depicted in the following map (Figure 

2). The study used primary data, which were collected by 

interviews, and ancillary data drawn from related agencies 

(Table 2).  

 As shown in Table 2, these data were analyzed to 

measure the resilience of four urban systems to floods, 

i.e., physical, social, economic, and institutional 

resilience. The respondents were selected by purposive 

sampling techniques with frequently affected districts as 

reference. There are seven districts with this criterion, 

namely, Biringkanaya, Tamalate, Tamanlanrea, 

Manggala, Panakukang, Tallo, and Rapocinni, as 

presented in Figure 2.  

 

Fig. 2 Maps of Study Area 

Table 2. Data Source 

Variables Data Source 

Data 

Acquisition 

Methods 

Physical Resilience  

The proportion 

of green open 

space 

Spatial Plans and 

Land Use Maps 

from the regional 

government 

Secondary 

Building 

density 

Spatial Plans from 

the regional 

government and  

OSM data  

Secondary 

Percentage of 

built-up areas 

on riverbanks  

Spatial Plans and 

Land Use Maps 
Secondary 

Institutional Resilience 

Existence of an 

early warning 

system 

Interviews Primary 

Availability of 

flood hazard 

maps 

Interviews Primary 

Economic Resilience 

Number of 

economically 

disadvantaged 

households  

Publications of 

BPS-Statistics 

Indonesia 

Secondary 

Community’s 

subsistence 

funds 

Publications of 

BPS-Statistics 

Indonesia 

Secondary 
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Revenues from 

the Land and 

Building Tax 

Publications of 

BPS-Statistics 

Indonesia 

Secondary 

Total members 

of agricultural 

cooperatives 

(farmers’ co-

ops) 

Publications of 

BPS-Statistics 

Indonesia 

Secondary 

Social Resilience 

Population 

Density 

Publications of 

BPS-Statistics 

Indonesia 

Secondary 

Total under-

five population 

Publications of 

BPS-Statistics 

Indonesia 

Secondary 

Total elderly 

population 

Publications of 

BPS-Statistics 

Indonesia 

Secondary 

Level of 

community’s 

participation 

and enthusiasm 

in dealing with 

floods 

Interviews Primary 

Number of 

disaster 

emergency 

stations 

Interviews Primary 

2.2   Data Processing   

The research data were processed by SMCE (Spatial 

Multi-Criteria Evaluation), which is an approach used for 

simultaneously analyzing spatial and statistical data that 

have varying values and types. This method serves to 

assist in the decision-making process, especially in terms 

of planning, because it considers the influence of the 

variables assessed [11]. SMCE processing has four stages, 

namely, problem tree analysis, standardization, weighting 

scenarios, and scenario building [12]. The problem tree 

analysis describes any factors that affect resilience, as 

depicted in Figure 3.  

 

Fig. 3. The Criteria Tree 

 

Most of the time, the variables observed are 

represented by a different range of values; hence, the 

second stage, standardization, aims to equalize these 

values. Because this study expressed resilience as values 

ranging between 0 (not resilient) and 1 (highly resilient), 

the standardization applied the same range to all variables 

(0-1). This process was based on how the variables 

influenced or contributed to urban resilience, which can 

be differentiated into negative (-) and positive (+). Figure 

4 shows an example of standardization for the variable 

“the proportion of green open space” in determining the 

physical resilience. Green open space plays a crucial part 

in preventing floods:  the more extensive the green open 

space is, the higher the physical resilience of the city will 

be. Considering this correlation, the standardization of 

this variable used the maximum scheme by taking into 

account its positive influence (+) to urban resilience. 

Therefore, a broader green open space was given a value 

closer to 1. 

 

 

Fig. 4. The standardization of the variable “the proportion of 

green open space” 

After the standardization, all variables were weighted. 

With pairwise weighting, the importance values of all 

variables were compared, as illustrated in Table 3. The 

importance value was determined by referring to the 

results of previous studies and factoring in the conditions 

of Makassar. For instance, the variable “percentage of 

built-up areas on riverbanks” that affects physical 

resilience was given a relatively high weight value. 

According to Rachmat and Pamungkas [13] and based on 

the results of interviews with several district governments, 

the substantial amount of loss is attributable to the 

burgeoning construction of settlements on riverbanks and 

the habits of disposing of waste into the rivers, increasing 

the sediment volume in the channels and potential 

occurrences of overflows. Compared to the proportion of 

green open space, population density has a higher weight 

because green open space in Makassar will increasingly 

decrease as the population grows and the development of 

facilities and infrastructure increases [14]. In other words, 

green open space is likely to shrink due to population 

density. The weighting results of all variables are 

presented in Table 4. 

The weights of all variables of urban systems were 

presented in maps of physical, economic, social, and 

institutional resilience. Each of these maps was subjected 

to another weighting process to produce total resilience 

with several scenarios, as summarized in Table 5. These 

scenarios were used to identify the spatial pattern of each 

resilience when one system was given the highest weight, 

while the others were assigned with the same weight 

value.  
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Table 3. Standardization and Weighting 

Variables Standardization  Considerations  Weights  

Physical Resilience 

Percentage of 

built-up area 

on riverbanks 

Maximum negative (-) 0.64 

Building 

density 
Maximum negative (-) 0.26 

The 

proportion of 

green open 

space 

Maximum positive (+) 0.10 

Economic Resilience 

Number of 

economically 

disadvantaged 

households 

Maximum negative (-) 0.27 

Community’s 

subsistence 

fund  

Maximum positive (+) 0.51 

Revenues 

from the Land 

and Building 

Tax 

Maximum Negative (-) 0.15 

Total 

members of 

agricultural 

cooperatives 

(farmers’ co-

ops) 

Maximum positive (+) 0.08 

Social Resilience 

Level of 

community’s 

participation 

and 

enthusiasm in 

dealing with 

floods  

Maximum positive (+) 0.40 

Number of 

disaster 

emergency 

stations 

Maximum positive (+) 0.08 

Population 

density 
Maximum negative (-) 0.36 

Total 

vulnerable or 

elderly 

population 

Maximum negative (-) 0.16 

Institutional Resilience 

Existing early 

warning 

systems 

Maximum positive (+) 0.75 

Availability 

of flood 

hazard maps 

Maximum positive (+) 0.25 

Table 4. The weighting process for all variables in scenarios of 

resilience 

Urban 

Resilience  

Weighting (%) 

Physical  Economic  Social Institutional  

Physical 

Scenario 
52 16 16 16 

Social 

Scenario 
16 16 52 16 

Economic 

Scenario 
16 52 16 16 

Institutional 

Scenario  
16 16 16 52 

Equal 

Scenario 
25 25 25 25 

3 Results and Discussions 

Physical resilience describes the ability of a city to 

prevent floods. The variables used in this resilience are 

building density, the percentage of built-up areas on 

riverbanks, and the proportion of green open space.  

Riverbanks were determined by creating buffer areas 

parallel to both sides of the river channels, and the width 

was set at three meters for rivers with artificial banks in 

urban areas and 15 meters for rivers without artificial 

banks in urban areas, as specified in the Government 

Regulation No. 38 of 2011 on Rivers. . The three variables 

above were selected from several variables discussed in 

Cutter et al. [15] and Li et al. [10] that can be used to 

measure physical resilience and represent the conditions 

of the study area. Rachmat and Pamungkas [13] claim that 

building density and the proximity of buildings to the 

river are two of many factors contributing to the high 

flood risk in one of the districts in Makassar. 

Green open space is part of green infrastructure 

development, which is a fundamental step to increase the 

resistant capacity of an urban area. The function of the 

green open space is to store rainwater and, consequently, 

reduce surface runoff. The more extensive the available 

green open space, the higher the resilience of the city [10]. 

Uncontrolled development that causes the conversion of 

protected areas to buildings also takes part in diminishing 

the resistant capacity, especially when it sprawls to 

riverbanks. The building density, % built-up area, and the 

proportion of green open space in the study area are 

shown in Table 5. 

 
Table 5. The Variables of the Physical Resilience 

 

Based on the data analysis results, the physical 

resilience of Makassar to floods is depicted in Figure 5. It 

ranged between 0.5 and 0.9, which fell into the category 

of moderate. Four districts were found to have low 

resilience, namely Tamalate, Tallo, Rappocini, and 

Manggala. These districts had a vast built-up area and 

high building density. Many areas in the other districts 

were also widely covered with buildings, but they had low 

building density and ample green open space that 

contributed to a better resilience than the four districts. An 

extensive built-up area on riverbanks is another major 

Districts 

Building 

density 

(units/ha) 

Built-up areas 

on riverbanks 

(%) 

Green 

open space 

(%) 

Biringkanaya 8.77 71.02 8.67 

Manggala 11.28 91.73 7.53 

Panakkukang 13.75 63.67 30.77 

Rappocini 26.69 97.89 1.89 

Tallo 34.08 78.35 51.17 

Tamanlanrea 9.28 54.38 17.53 

Tamalate 15.93 96.45 3.44 
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factor of the relatively low resilience of the four districts. 

These districts are designated as integrated settlement, 

business, and trade areas to encourage their development; 

however, this has created an imbalance between land 

availability and demands and initiated developments in 

protected areas, such as riverbanks, instead. Panakukang 

had the highest resilience value because it had the lowest 

percentage of built-up areas on riverbanks and high 

availability of green open space. This finding is 

attributable to the designation of Panakukang as the 

central office district for the Province of Sulawesi Selatan. 

 

 

Fig. 5. Map showing the distribution of physical resilience in 

parts of Makassar 

Source: Office of Public Governments (2017), Office of Spatial 

Plan (2017) 

Social resilience describes the ability of a system to 

deal with and respond to floods (coping capacity). It was 

assessed using several variables, namely population 

density, vulnerable population (%), community 

participation, and the existence of disaster emergency 

stations. Population density and vulnerable population 

were calculated based on the data issued in the document 

District in Figures published by the Statistics Indonesia 

(BPS), while information on community participation and 

the number of disaster emergency stations was collected 

through interviews. These four variables were selected 

based on Li’s research, [10] Erlani and Nugrahandika’s 

research [16], and the conditions in the field. 

Makassar is not only the capital city of Sulawesi 

Selatan but also one of the central and busy gates to the 

eastern regions of Indonesia. Owing to this situation, rapid 

population growth in the city is inevitable. Unfortunately, 

this also means that the number of people affected by 

floods multiplies. Population density thereby reflects how 

resilient the population is to a disturbance. Vulnerable 

populations include all residents who cannot evacuate by 

themselves: the larger the share of the vulnerable 

population, the lower the social resilience of a city. 

Community participation and disaster emergency stations 

define how the community deals with floods and receives 

relevant information. Higher community participation 

and more available disaster emergency stations mean that 

the people are more unlikely to be affected by floods 

because these two variables show that they have been 

vigilant since the early phase of the disaster cycle [10]. 

Based on the data analysis results, some parts of 

Makassar had different social resilience to floods, as seen 

in the distribution pattern in Figure 6. The social resilience 

varied between 0.6 and 0.9, and the lowest value was 

identified in Tallo and Rappocini Districts. As seen in 

Table 7, large population size and density are believed to 

have caused this condition. Compared to other districts, 

Tallo and Rappocini had a relatively smaller area. As a 

result, higher population density potentially increases the 

number of people affected by flooding and, more often 

than not, slows down the evacuation process. 

Nevertheless, the social resilience of the two districts was 

classified as moderate due to the influence of high 

community participation in dealing with floods and the 

existence of disaster emergency stations. 

 

Fig. 6.  Map showing the distribution of social resilience in 

parts of Makassar 

Source: The Statistics Indonesia (BPS) for the City of Makassar 

(2018), Interviews (2019) 

Moderate to high social resilience in the study area is 

shaped by not only high community participation but also 

a low proportion of the vulnerable population in each 

district, i.e., <20%, as presented in Table 6. According to 

Li’s research [10], vulnerable communities are considered 

less capable of dealing with disasters individually; they 

need help from others and potentially slow the evacuation 

process. Apart from the low percentage of the vulnerable 

population, high community participation is also a major 

factor that enhances the social resilience of Makassar. 

Economic resilience is the ability of a city to restore 

its urban system. Floods are known to cause damages to 

residential buildings and loss of property. For 

economically disadvantaged households, recovering from 
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these impacts poses a significant challenge, particularly 

when access to food, clothing, and shelter is limited in the 

first place. The Land and Building Tax imposed on an area 

can define the potential losses caused by floods. City 

residents (individuals and entities) that have ownership 

rights of land and buildings must pay a specified amount 

of money for this tax [17]. Therefore, in the wake of a 

disaster, higher revenue from the Land and Building Tax 

means a greater potential loss. 

Table 6. Population density and percentage of vulnerable 

population 

Districts 

Population 

Density 

(people/ha) 

% Vulnerable 

Population 

Biringkanaya 43.2 10.6 

Manggala 58.9 11.6 

Panakkukang 87.1 11.5 

Rappocini 180 13.9 

Tallo 239 11.0 

Tamanlanrea 35.6 19.0 

Tamalate 98.1 14.9 

 

Community’s subsistence funds are also a variable in 

economic resilience because the development of sub-

districts and villages cannot solely rely on the relatively 

small funds allocated by the government but has to use 

some additional funding that the community organizes. 

These can also be used as a source of funding in the case 

of emergency; for instance, to help restore flood-affected 

public facilities. Besides affecting buildings on 

riverbanks, floods also submerge agricultural land 

downstream, causing losses of income. Although the City 

of Makassar has a narrow farming area, agricultural 

cooperatives can significantly help farmers to recover 

from such losses. For this reason, the economic resilience 

of the city partly depends on the number of agricultural 

cooperative members. 

 
Fig.7. Map showing the distribution of economic resilience in 

parts of Makassar 

Source: The Statistics Indonesia (BPS) for the City of Makassar 

(2018) 

Based on the four variables above, the economic 

resilience of Makassar ranged between 0.3 and 0.8 (Figure 

7), with the lowest resilience found in Panakukang and 

Biringkanaya District. Panakukang and Biringkanya had 

the lowest resilience due to the high share of economically 

disadvantaged households that, more often than not, 

experienced slow recovery after floods. Apart from the 

severely lucking financial assistance from its government, 

Biringkanya also had very little community’s subsistence 

funds compared to the other districts (Table 8).  Unlike 

Biringkanya, Panakukang had low economic resilience, 

chiefly because of the high Land and Building Tax. In 

other words, the district is exposed to a greater loss 

because there is a large number of buildings and land 

potentially affected by floods. The Land and Building Tax 

is a source of regional income used to finance physical 

and non-physical community services. At the same time, 

if an object is affected by a disaster, its tax levy will be 

reduced. In other words, more flood-induced losses 

reduce regional income and hamper the local economic 

Table 7. The Variables of Economic Resilience 

Number of 

economically 

disadvantaged 

households 

Community’s 

subsistence 

funds 

(million 

rupiah) 

Revenues 

from the 

Land and 

Building 

Tax 

(million 

rupiah) 

Total 

members of 

agricultural 

cooperatives 

Biringkanaya 

5430 5,814 16,824 20892 

Manggala 

2491 24,78 4,977 9275 

Panakkukang 

4929 14,164 23,811 22063 

Rappocini 

2670 12,697 14,29 15417 

Tallo 

4014 12,029 I6,187 19428 

Tamanlanrea 

1276 10,905 19,211 7245 

Tamalate 

8543 34,343 17,219 55420 

 

Taken from an economic perspective, Manggala, 

Tamanlanrea, and Rappocini Districts are highly resilient. 

This finding is attributable to the designation of these 

three districts as an integrated settlement area (Manggala 

and Rappocini) and an integrated educational and 

industrial area (Tamanlanrea) [18].  An integrated 

settlement area means that the dwellings are well laid out 

and equipped with integrated facilities and infrastructure, 

while an integrated educational and industrial area is 

prepared for educational development and has complete 

facilities. As evidenced by the small number of 

economically disadvantaged households and a high 

amount of community’s subsistence fund, these two 

integrated areas are generally inhabited by people with 

high economic status and easy access to basic needs. 

Therefore, in the case of floods, the residents can recover 

faster. 
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Institutional resilience was measured using two 

variables: the availability of flood hazard maps and an 

early warning system, which describe the ability of a city 

to adapt to flood events. An early warning system helps 

people to be ready and on alert so that in the event of 

flooding, they will be able to evacuate faster and, as a 

result, incur fewer losses [10]. Flood hazard maps can 

assist the government in planning for development and 

reducing flood-related losses. The institutional resilience 

of the study area ranged between 0.5 and 0.9 or fell into 

the category of “high” (Figure 8). Interviews with 

stakeholders in each district revealed that the districts in 

question did not have flood hazard maps and only relied 

on the maps issued by the Regional Disaster Management 

Agency (BPBD) for the City of Makassar. Despite the 

absence of a digital map, each stakeholder could pinpoint 

the most frequently affected areas. For instance, 

Manggala and Tallo Districts own historical data on flood 

locations and have manually generated some maps to 

anticipate flood occurrences in the rainy season. 

Accordingly, both districts were categorized as highly 

resilient in terms of institutions and governance. 

 
Fig. 8. Map showing the distribution of institutional resilience 

in parts of Makassar 

Source: Interviews (2019) 

During the rainy season, the governments in several 

flood-prone districts (i.e., Tallo, Tamalate, Manggala, and 

Biringkanaya) actively organize public dissemination in 

villages. An early warning system is not only assessed 

from the existing technology but also less technologically 

sophisticated technique, such as public dissemination 

[19]. An early warning system broadcasts an alert signal, 

and when combined with public dissemination, it warns 

people to be vigilant during the rainy season. These 

conditions primarily contribute to the high resilience of 

Tallo and Manggala. 

Resilience has three concepts, namely, infrastructure, 

ecology, and social ecology. The three concepts cannot be 

separated when discussing the resilience of cities because 

an urban system is a complex product of physical, social, 

economic, and institutional elements. The concept of 

infrastructure and ecological resilience determines urban 

resilience from the physical system, while the social-

ecological resilience factors in social, economic, and 

institutional systems. These four systems are integrated 

because they have inter-relationships and influence one 

another. Accordingly, urban resilience assessment cannot 

be observed merely from one side but must factor in all 

four systems [8],[20]. 

The total resilience of Makassar was determined from 

the four components of the city, namely physical, social, 

economic, and institutional resilience. The resilience of 

each component was displayed five different scenarios 

that were designed with different weight values to be able 

to identify the effects of resilience in each urban system. 

In the economic resilience scenario, the economic 

variables were assumed dominant and given the highest 

weight value (Figure 9). The same case applied to 

physical (Figure 10), institutional (Figure 11), and social 

scenarios (Figure 12), with dominant or highest weight 

value assigned to their respective variables. As for the 

equal scenario (Figure 13), the resilience variables were 

given the same weight value.  

 

Fig. 9. Map of Economic Resilience Scenario  

The economic scenario is considered as the worst 

because Manggala was the only district projected with 

high resilience. Except for Manggala, all variables in the 

study area had low values, particularly the large share of 

the economically disadvantaged population. Compared to 

the other districts, Manggala had a higher economic 

resilience owing to its substantial amount of community’s 

subsistence fund and low revenues from the Land and 

Building Tax. Apart from Manggala, there were other 

districts with high resilience, namely Tallo, Tamalate, 

Tamanlanrea, and Rappocini. However, in the economic 

scenario, these four districts showed a decrease in their 

resilience values. This finding indicates the influence of 

the resilience of other urban systems. 
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Fig. 10. Map of Physical Resilience Scenario  

 

 

 

Fig. 11. Map of Institutional Resilience Scenario  

 

The social resilience scenario produced the best 

distribution pattern of resilience, with values ranging 

between 0.51 and 0.89. In this scenario, Manggala had the 

highest value, while Rappocini was the opposite. In 

Manggala, the community participation was high, the 

population density was fairly scarce, and a disaster 

emergency station was available and was even monitored 

specifically by the BNPB. On the contrary, Rappocini had 

a high population density and abysmal community 

participation. 

 

 

Fig. 12. Map of Equal Resilience Scenario  

 

 

Fig. 13. Map of Social Resilience Scenario 

 

Based on the scenario, social factors or variables are 

concluded as having the most significant role in 

increasing the resilience of parts of Makassar. 

Nevertheless, the government is not recommended to 

solely rely on this scenario for evaluation because low 

resilience estimates were identified in Tallo and 

Rappocini. Tallo had the highest resilience value in 

institutional and equal scenarios, while Rappocini was 

highly resilient in the equal scenario. These results prove 

that focusing on enhancing only one factor can increase 

the disaster resilience of some districts but diminish the 

resilience of some others. In conclusion, urban resilience 

cannot be merely perceived and assessed from one 
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system; instead, it must incorporate the other urban 

systems. Changes in the resilience of several districts in 

different scenarios demonstrate how increased resilience 

can be realized when the contributing variables in every 

urban system involved are improved accordingly because 

the resilience of the urban system in every district tends 

to vary. This finding is consistent with Fu and Wang’s 

research [21] i.e., that conceptually the assessment of 

urban resilience cannot be separated from the complexity 

and variety of urban systems. 

This concept believes that equal scenario produces 

resilience values that best describe the conditions of each 

district because it gives all urban systems an equal weight 

value. In this study, the equal scenario produced a nearly 

similar pattern to the results of the social, physical, and 

institutional scenarios.  The difference lies in, among 

others, the estimated resilience of Rappocini. In other 

scenarios, this district had the lowest resilience, but in the 

equal scenario, it was classified as highly resilient, as seen 

in Figure 14. Changes in the distribution pattern of 

resilience values in all districts can be useful for the 

government to determine priorities in development. For 

instance, Manggal requires immediate improvements 

because the physical scenario showed that it still had 

extensive residential areas on the riverbanks and a low 

percentage of green open space, all of which contribute to 

its low physical resilience. 

 

 

Fig. 14. Changes in the flood resilience values of some parts of 

Makassar based on five scenarios 

4 Conclusion 

Physical, social, economic, and institutional urban 

systems define to what extent some parts of the City of 

Makassar are resilient to floods. Each district has different 

resilience for each system. Rappocini District has the 

lowest resilience in all systems, whereas Manggala is the 

most highly resilient district to floods. However, in all of 

the districts observed, the ability to recover after floods is 

deemed weak because the number of their economically 

disadvantaged households is categorically large. Also, for 

some districts located adjacent to the rivers, the banks are 

increasingly occupied by residential buildings, 

contributing to low physical resilience. These conditions 

are potentially attributable to the lack of available data, 

which leads to low government’s attention to flood-prone 

areas. Nevertheless, community participation in 

increasing social resilience is very high. Based on the 

results of the scenarios, the City of Makassar can be 

resilient to floods depending on the resilience levels of 

every urban system involved. For this reason, 

improvement in all urban systems is imperative, with 

priorities set according to the conditions of each district.   
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