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Abstract 

Embong Brantas Area in Malang is one of vulnerable areas to flood. Objectives of the research were to analyze: 1) the disaster 
risk at Embong Brantas Area, in which vulnerability and hazard are variables of the research, 2) social adaptation that applies 
variables of land status, length of stay, education, income, numbers of the family member, type of buildings, and experience in 
disaster. Based on result of the analysis using GIS, it shows that 1.2 ha of Embong Brantas Area has high risk of flood, 
particularly in the next 100 years. Based on multiple regression analysis, status of land has affected 0.216 on adaptation of 
settlement by the community at the flood plains.  
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1. Background 

Flood hit areas along the river banks, lowlands, downstream areas, and others that having bad drainage system 
[1]. Such flood may be caused by extreme natural phenomena and human activities as well [2]. Along with the rapid 
growth of population as well as less-planned urban development,  geographic and demographic location, the threat 
and flood risk have been increasing. The impact of urbanization has also contributed to the change of  hydrologic 
characters in urban areas [3].  
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Malang is one of cities that face such environmental degradation problem due to a part of the land along the 
flood plains has changed drastically into settlements. The cause of such environmental degradation is the decreasing 
amount of land covering along the River Course Zone. The increasing environmental degradation is the initial 
indicator of environment vulnerability (The Deputy of Environment Damage Control and Climate Change, the 
Ministry of Biological Environment, 2013).  

In Malang, there are 27 sites of vulnerable landslide and 7 sites of vulnerable flood that spread over 5 sub 
districts, which include along the River Course Zones of Brantas, Metro, Amprong, Bangau, and Sukun. One of the 
vulnerable sites for both flood and landslide is settlements at Embong Brantas area. Historically, since 1963 up to 
the present time, small-to-great scale of flood has hit this location periodically. They occur in repetition of 10 to 20 
years. Therefore, settlements along the river bank of Embong Brantas at Kidul Dalem District of Klojen Subdistrict 
in Malang have been selected for this research.  
Objectives of this research are to analyze settlements toward risk of flood and to analyze social adaptation to flood 
threat. Reason of selecting Embong Brantas are under rationalization as follow:  
a.  The research site is one of settlements that vulnerable to flood, where lies on the land slope > 40 %, which close 

to center of the city.  
b. The research site is one of settlements that has the densest buildings (95-106 house/Ha) and the densest 

population (379 people/Ha).  
c.  The research site is one of settlements that has been existed since the Dutch colonial era and has long story. In its 

development, adaptation of settlements by the community should be done continuously in coping with flood, as 
presented in Figure 1. 

 

 
 

Fig 1. Research sites. 
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2. Methodology 

The concept of the research entitled “Adaptation of Settlement along the River Brantas Settlement in the Context 
of Sustainable Development, Malang, Indonesia” is to plan the social adaptation that conforms to character of the 
public who live along the flood plains. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 

 
 
 

Fig 2. Research concept. 
 

Definition of threat is an incident or event that could create a disaster. A disaster is a natural or artificial 
phenomenon that is potential in threatening human life, creating great losses, and damaging the environment [4]. A 
threat, which is reviewed in this research, is prediction of the flood threat in the next 10, 20, 50, and 100 years. 

Data Collecting Technique to predict the flood threat was done taking the secondary data from the related 
department. Meanwhile, data collecting of community’s adaptation was done through observation in the field, 
structured interview using questionnaires, and documentation. Research on social adaptation involved 100 samples 
of household at RW (administrative unit at lower level) 05 and RW 06, Kidul Dalem District, Klojen Subdistrict, 
Malang. Data analysis technique to predict the flood threat on location of the research is presented in Figure 3. 

In accordance with Regulation of the Ministry of Public Works No. 21 in 2007 about Vulnerable Area of 
Disaster is considered as area that has high frequency or potential of having natural disaster. Vulnerable Area of 
Flood is a potential area of having flood as indicated by the frequency of flood (has hit or repeatedly hit by flood) 
[5]. Besides threat, other factor that has been reviewed is vulnerability. Vulnerability is a condition of community, 
which lead or cause inability in coping with any threat of the disaster. It is related to human ability to protect them 
and prevent from any threat/natural disaster without any assistance from the outsiders. In this research, the 
environment vulnerability includes social and land vulnerability. Indicators of land vulnerability include the land 
slope, topography, buildings and population densities, while indicators of the social vulnerability include education, 
income/earning, experience to disaster, numbers of inhabitants for old women and children, as well as kinds of job 
in informal sectors.  
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Fig 3. Methods of flood hazard analysis. 

 
In order to analyze the social adaptation at the vulnerable flood plains, a multiple regression analysis is applied. 

The multiple regression analysis is intended to: 1) analyze the influence of each independent variable (as included in 
equation) on the dependent variable. If the independent variable increases 1 unit, and the other variables (the rest) 
are fixed using the coefficient value of partial regression; 2) design in dealing with the flood threat at the research 
site. Variables used in the research of social adaptation include status of land, type of buildings, length of stay, 
education, income/earning, number of family members, and experience in disaster.  
 

3. Discussion and Result 

 
3.1. Risk Disaster Area in Embong Brantas  

 
3.1.1. Hazard  

 
 In order to predict any threat, calculation of the designed rate of flood is started by calculating maximum 
rainfalls at the site research using arithmetic method, then followed by calculating the designed rainfalls using a 
number of probabilities, started from repetition of 10, 20, 50, and 100 years. Log Pearson III Method is applied in 
the calculation due to the designed rainfalls has conformed to characteristics of location for the study in comparison 
with other method. The Width of the River Course Zone (CA) and the Designed Rainfalls (R) are the main factors in 
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calculating the designed rate of flood, which conforms to HSS Nakayasu method:  
 

 
 
The available data at the research site: 
Width of the River Course Zone = 81.65 km2, Length of the Main River = 11.75km, Effective Rain = 1mm, and 
Parameter of the Hydrograph (a) = 3. By those characteristics, the designed rate of flood can be obtained, as 
presented in Table 1.    
 

Table1. Rate of flood designed by HSS Nakayasu. 
No Repeat (years) Metode Nakayasu (m3/sec) 
1 10 1203.90 
2 20 1375.84 
3 50 1592.52 
4 100 1792.92 

 
Result of the designed rate of flood will be used to calculate water surface profile at the research site. Previously, 

the geometrical existing data of the river and its slope was first observed using Manning’s Velocity Equation. Then 
the prediction was used by the application of HEC-RAS 4.0. In using the application, the river is divided into 5 
cross sections (5,4,3,2,1) and location of the research is on cross section 2. The river flow pattern at the upper course 
has fast current, higher level of erosion (particularly at the bottom of the river), the riverbed in V-form and curved 
slope (convex), as presented in Figure 4.  

 

 
Fig 4. Design of Brantas river on site plan by HEC-RAS and the existing riverbed. 

 
 
Table 2. Running result HEC-RAS on cross section 2. 

Reach River 
Sta 

Profile Q Total 
(m3/s) 

Min Ch 
El(m) 

W.S.Elev 
(m) 

Crit 
W.S(m) 

E.G.Elev 
(m) 

E.G Slope 
(m/m) 

Vel 
Chnl (m/s)

Flow 
Area(m2) 

Top 
Width(m)

Froude # 
Chl 

1 2 10 1203.90 420.04 429.89 429.89 433.27 0.001501 8.14 147.83 22.28 1.01  
1 2 20 1375.84 420.04 430.60 430.60 434.19 0.001484 8.39 164.01 23.13 1.01  
1 2 50 1592.52 420.04 431.41 431.41 435.26 0.001483 8.69 183.17 24.27 1.01  
1 2 100 1792.92 420.04 432.39 432.39 436.17 0.001420 8.62 208.08 27.45 1  

 
 

It would have impact on the overflowed of river water around the flood plains. The increasing land use functions 
into settlements would mostly increase the surface water due to much water runoff. Based on the calculation results, 
an anticipative effort should be taken through controlling, by building a dam to intercept volume of the river water 
from the upper course, normalization of the river to increase the capacity, building up a flood way and retarding 
basin to intercept volume of the water. Such action and planning must be taken to in order to preserve the flood 
plains and save the area from flood risk. Prediction of the flood hazard is presented in Figure 5.  
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Fig 5. Map of the flood hazard prediction in the period of 10, 20, 50, 100 years. 
 

 Based on result of the analysis on flood threat prediction of 10 years, the small threat hits the area of 1.3 ha, the 
medium threat hits the area of 1 ha, and the great threat hits the area of 0.7 ha. Prediction of flood for the next 20 
years, the small threat hits the area of 0.9 ha, the medium threat hits the area of 1.3 ha, and the great threat hits the 
area of 0.8 ha. Prediction of flood for the next 50 years, the small threat hits the area of 0.4 ha, the medium threat 
hits the area of 1.6 ha, and the great threat hits the area of 1 ha. Prediction of flood for the next 100 years, the small 
threat hits the area of 0.2 ha, the medium threat hits the area of 1.6 ha, and the great threat hits the area of 1.2 ha.  
 
3.1.2.  Vulnerability 
 

Values of the land vulnerability index in the projection of the next 10 to 100 years are set under assumption of 
fixed social condition of the community.  
 

Table 3. Prediction and vulnerable index values of land indicators. 

Zone Land slope Topography Population density Building density 
10 20 50 100 10 20 50 100 

1 0 – 15% 433,2 – 445,1 masl 344 462 1122 4919 81 108 263 984 
Value 1 1 2 4 4 5 3 4 4 5 

2 0 – 8 % 433,2 – 445,1 masl 380 570 1238 5429 67 90 219 1086 
Value 1 1 2 4 4 5 3 3 3 5 

3 0 – 8 % 433,2 – 445,1 masl 323 434 1054 4622 67 90 219 924 
Value 1 2 2 4 4 5 3 4 4 5 

4 0 – 40% 345.4-433.194 masl 360 484 1174 5146 99 133 323 1029 
Value 4 2 2 4 4 3 2 4 4 5 

5 0 – 40 % 345.4-433.194 masl 337 453 1100 4823 81 108 263 965 
Value 4 3 2 3 3 3 3 4 4 4 

6 0 – 40 % 345.4-433.194 masl 344 462 1121 4916 111 149 301 983 
Value 4 3 2 3 3 5 3 4 4 4 

7 0 – 15% 345.4-433.194 masl 430 542 1315 4766 81 108 263 1153 
Value 4 3 2 4 4 5 2 4 4 5 

Notes:  1-2 = low level of vulnerability 
3 = medium level of vulnerability 
4-5 = high level of vulnerability 
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  Table 4. Projection and index value of vulnerability for social indicator. 

Zone Education Income Experience in disaster Number of Inhabitant Kinds of Job 
10 20 50 100 10 20 50 100 10 20 50 100 10 20 50 100 10 20 50 100 

1 1 1 2 2 1 1 2 2 3 3 4 4 4 4 4 4 4 4 4 4 
2 2 2 3 3 2 2 3 3 3 3 4 4 4 4 4 4 3 3 4 4 
3 1 1 2 2 1 1 2 2 2 2 3 3 1 1 2 2 3 3 4 4 
4 3 3 4 4 3 3 4 4 3 3 4 4 1 1 2 2 4 4 4 4 
5 4 4 4 4 4 4 4 4 5 5 5 5 2 2 3 3 5 5 5 5 
6 5 5 5 5 4 4 4 4 5 5 5 5 5 5 5 5 4 4 4 4 
7 3 3 4 4 3 3 4 4 3 3 4 4 1 1 2 2 4 4 4 4 

  Notes:  1-2 = low level of vulnerability 
        3  = medium level of vulnerability 
     4-5  = high level of vulnerability 

 

Based on the general guidance of disaster, total vulnerability values of the research area are presented in Table 5 
and Figure 6.  
 

Table 5. Prediction for index value of vulnerability per zone. 

Zone Vulnerability Value 
10 Years 20 Year 50 Year 100 Year 

1 2 3 3 3 
2 2 3 3 3 
3 2 2 3 3 
4 3 3 4 4 
5 4 4 4 4 
6 4 4 4 4 
7 3 3 4 4 

Notes: 1-2  = low level of vulnerability 
    3 = medium level of vulnerability 
    4-5  = high level of vulnerability   

 

 
 
 
 
 
 
 
 
 
 
  

Fig 6. Map of the vulnerability prediction in the period of 10, 20, 50, 100 years. 
 

 Based on result of analysis for prediction of vulnerability in the next 10 years, low vulnerability hits the area of 
2.4 ha, and medium vulnerability hits the area of 1.6 ha. Prediction of vulnerability for the next 20 years shows that 
low vulnerability hits the area of 2.2 ha and high vulnerability hits the area of 1.8 ha. Prediction of vulnerability for 
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the next 50 years shows that medium vulnerability hits the area of 0.815 ha and high vulnerability hits the area of 
2.287 ha. Prediction of vulnerability for the next 100 years shows that medium vulnerability hits the area of 0.6 ha 
and high vulnerability hits the area of 2.4 ha. 
 
3.1.3. Risk 
 
 The disaster risk is the multiplication result of values for threat/hazard and vulnerability [4], therefore prediction 
of the disaster risk in the next 10 years will show that low risk is for area of 1.9 ha, the medium risk is for 0.8 ha, 
and high risk is for 0.3 ha. Prediction of the disaster risk in the next 20 years will show that low risk is for area of 
1.4 ha, the medium risk is for 1 ha, and high risk is for 0.6 ha. Prediction of the disaster risk in the next 50 years will 
show that low risk is for area of 0.13 ha, the medium risk is for 0.7 ha, and high risk is for 2.2 ha. Prediction of the 
disaster risk in the next 100 years will show that low risk is for area of 0.1 ha, the medium risk is for 0.4 ha, and 
high risk is for 2.5 ha, as presented in Figure 7.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 7. Map of prediction for the disaster risk in the next 10, 20, 50, 100 years. 

 
Based on result of the disaster risk in the next 100 years, most of settlements at Embong Brantas have high risk 

(red category). Therefore, it requires social, structural, and institutional approaches. The social approach has been 
adjusted to the community’s character. The structural approach has been adjusted to character of the land structure. 
Institutional approach has been done by the related departments, the Department of Irrigation and JasaTirta, in 
managing the River Course Zone. These institutions have authorities in monitoring the use of flood plains in order to 
conform to Government’s Regulation of the Indonesian Republic Number 37 of 2012 about the River Course Zone 
Management. It includes width of the flood plains that is permitted to be used. However, other related institution 
that copes with the disaster is BNBPD (Badan Nasional Penanggulangan Bencana Daerah) or The National Body 
of Regional Mitigation that socialize the disaster threat to the public.  

3.2. Community’s adaptation in coping with floods 

The analysis of multiple regressions as instrument of the research was tested for its validity and reliability in 
order to study whether result of the questionnaires is valid or not. After being tested, both validity and reliability, it 
should have the correlation analysis in order to find out the strength, significance, and the relationship direction 
among variables. Result of the correlated variables will be used for multiple regressions analysis. 
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3.2.1. Validity and reliability tests 
 

The validity test was conducted by measuring the obtainable correlation values, the correlation value per item 
and total item, which was gained after being correlated statistically per individual (Santoso, 2005). The correlation 
value can be measured by making sure that correlation between each question must be strong (marked **) and the 
error probability is not quite large (the significant value 5% in maximum during the first test). The correlation values 
are always proportional to the significant values, so that if the correlation values are not valid, neither the significant 
values.  
 

Table 6. Result of the validity test. 
Item Variable Correlation Significant  Description 
X1 Type of buildings .680(**) .000 Valid 
X2 Number of family member .708 (**) .000 Valid 
X3 Experience in disaster .449(**) .000 Valid 
X4 Level of education .509 (**) .000 Valid 
X5 Status of land .503 (**) .000 Valid 
X6 Amount of income .623(**) .000 Valid 
X7 Length of stay .394(**) .000 Valid 

 
The reliability test is a statistical analysis technique in order to study the reliability level of the instrument, which 

is used in the research. Such reliability test will show to the extent the analysis is reliable. Santoso (2005) stated that 
the questionnaire is considered to be reliable if the Cronbach’s Alpha value is more than 0.60. Result of the 
Cronbach’s Alpha value is 0.616; therefore the fixed variable can be used for multiple regression analysis process.  

 
Table 7. Reliability statistics. 

Cronbach's Alpha N of Items 
0.616 7 

 
3.2.2. Multiple regression analysis 

 
Based on result of the analysis for adaptation of settlement using multiple regression analysis, it gives the 

coefficient value for constant (Y) -0,125 if variables for type of buildings (X1), numbers of the family members (X2), 
experience in disaster (X3), level of education (X4), status of land (X5), the amount of income (X6), length of stay 
(X7) have 0 values, so that adaptation of settlements has negative value for about 0,125. Coefficient for types of 
buildings (X1) 0.164, coefficient for numbers of the family member (X2) 0.144, experience in disaster (X3) 0.162, 
level of education (X4) 0.129, status of land (X5) 0.216, the amount of income (X6) 0.160 and length of stay (X7) 
0.119, so that they can be formulated as follow: 

 
 

 
 

From result of the adaptation of settlement using multiple regresion analysis, it then result in a coefficient value 
for constant (Y) -0,125, building type coefficient (X1) 0,164, coefficient of the number of family members (X2) 
0,144, experience toward disaster event (X3) 0,162, level of education  (X4) 0,129, land status (X5) 0,216, income 
amount(X6)  0,160 and length of stay (X7)  0,119. Interpretation of those numbers showed that status of land has 
positive correlation to kinds of adaptation. Land status variable is an important variable in adaptation to any disaster 
threat. Public who have already possessed certificate of the properties tend to make some changes as they desire. 
Non-permanent buildings have turned into permanent. However, experience in disaster has positive effect in 
determining kind of adaptation of the buildings in order to avoid any flood. The adaptation includes raising the 
building’s floor, making dike in front of the house and more room at the upper floor [6]. The income variable affects 
the adaptation of replacing the building materials into water proof. This fact shows that the public have made some 
self-supporting efforts to cope with the flood threat [7]. Therefore, local government should monitor the 
management effort in order to be more appropriate to the government’s regulation. 

Y = - 0,125 + 0,164 X1 + 0,144 X2 + 0,162 X3 + 0,129 X4 + 0,216 X5 + 0,160 X6 + 0,119 X7 
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4. Conclusion 
 

Result of the risk analysis showed that prediction of the disaster risk in the next 10 years has high risk is for the 
area of 0.3 ha, the disaster risk in the next 20 years has high risk is for the area of 0.8 ha, the disaster risk in the next 
50 years has high risk is for the area of 2.2 ha, the disaster risk in the next100 years has high risk is for the area of 
2.5 ha. As the enlargement of the high risk land, proper management to prevent it is required starting from 
structural, social, and institutional management.  

Suggestion for the research requires social adaptation that conforms to dominant character of the public from 
informal sector by providing more opportunities for business, facilitating in obtaining soft credit. Moreover, target 
of the public economy reinforcement can be achieved. For direct effect, the community has more choices for 
settlements in more secure locations.  

Also, a policy package unit is required in managing the spaces used at the flood plains, particularly at the upper 
course of the river. Some references are available for local government to manage the space use at the potential 
areas that vulnerable to flood hazard.  
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