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 Abstract. The change in land-use/land-cover (LULC) is one of the physical factors in urban development and 
the rapid growth in population has necessitates the need for space, driven by high socio-economic activities. 
Banyumas is a regency that had experienced rapid population growth in the last two decades, establishing an 
activity and service center in the Barlingmascakeb region. This rapid population growth has led to massive 
changes in LULC. Therefore, this study aimed to observe the changes in LULC in 2000 and 2020 to determine 
the direction of urban development in Banyumas Regency within 20 years. Multispectral classification with 
a Maximum Likelihood algorithm was used to extract LULC information from Landsat images. The changes 
obtained by crosstab analysis on the multispectral classification results were used as a reference to observe 
the direction of urban development. This procedure used four quadrants according to the cardinal directions 
and Standard Deviational Ellipse (SDE). The result showed that LULC in the forest class experienced the 
highest change of 142,584.3 km², accounting for 48%. Based on the increase in built-up land over 20 years, the 
direction of urban development according to the cardinal directions showed that the most dominant increase 
was in quadrant II (Southeast), which is 56.44% or 21.95 km². It was concluded that the direction of urban 
development was oriented toward the southeast. 
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flow the banks and fill the 

most frequent disasters affecting a majority of countries 
worldwide (Rincón et al., 2018; Zwenzner & Voigt, 2009), 
specifically Indonesia. Flooding is one of the most devastating 
disasters that yearly damage natural and man-made features 
(Du et al., 2013; Falguni & Singh, 2020; Tehrany et al., 2013; 
Youssef et al., 2011).

There are flood risks in many regions resulting in great 
damage (Alfieri et al., 2016; Mahmoud & Gan, 2018) with 
significant social, economic, and environmental impacts 
(Falguni & Singh, 2020; Geographic, 2019; Komolafe et al., 
2020; Rincón et al., 2018; Skilodimou et al., 2019). The effects 
include loss of human life, adverse impacts on the population, 
damage to the infrastructure, essential services, crops, and 
animals, the spread of diseases, and water contamination 
(Rincón et al., 2018).

Food accounts for 34% and 40% of global natural disasters 
in quantity and losses, respectively (Lyu et al., 2019; Petit-
Boix et al., 2017), with the occurrence increasing significantly 
worldwide in the last three decades (Komolafe et al., 2020; 
Rozalis et al., 2010). The factors causing floods include 
climate change (Ozkan & Tarhan, 2016; Zhou et al., 2021), 
land structure (Jha et al., 2011; Zwenzner & Voigt, 2009), and 
vegetation, inclination, and humans (Curebal et al., 2016). 
Other causes are land-use change, such as deforestation and 
urbanization (Huong & Pathirana, 2013; Rincón et al., 2018; 
N. Zhang et al., 2018; Zhou et al., 2021).

The high rainfall in the last few months has caused much 
flooding in the sub-districts of the West Kalimantan region. 
Thousands of houses in 18 villages in Melawi Regency have 
been flooded in the past week due to increased rainfall 

intensity in the upstream areas of West Kalimantan. This 
occurred within the Nanga Pinoh Police jurisdiction, including 
Tanjung Lay Village, Tembawang Panjang, Pal Village, Tanjung 
Niaga, Kenual, Baru and Sidomulyo Village in Nanga Pinoh 
Spectacle, Melawi Regency (Supriyadi, 2020).

The flood disaster in Melawi Regency should be mitigated 
to minimize future consequences by mapping the risk. 
Various technologies such as Remote Sensing and Geographic 
Information Systems have been developed for monitoring flood 
disasters. This technology has significantly contributed to flood 
monitoring and damage assessment helpful for the disaster 
management authorities (Biswajeet & Mardiana, 2009; Haq 
et al., 2012; Pradhan et al., 2009). Furthermore, techniques 
have been developed to map flood vulnerability and extent 
and assess the damage. These techniques guide the operation 
of Remote Sensing (RS) and Geographic Information Systems 
(GIS) to improve the efficiency of monitoring and managing 
flood disasters (Haq et al., 2012).

In the age of modern technology, integrating information 
extracted through Geographical Information System (GIS) and 
Remote Sensing (RS) into other datasets provides tremendous 
potential for identifying, monitoring, and assessing flood 
disasters (Biswajeet & Mardiana, 2009; Haq et al., 2012; 
Pradhan et al., 2009). Understanding the causes of flooding 
is essential in making a comprehensive mitigation model. 
Different flood hazard prevention strategies have been 
developed, such as risk mapping to identify vulnerable areas’ 
flooding risk. These mapping processes are important for the 
early warning systems, emergency services, preventing and 
mitigating future floods, and implementing flood management 
strategies (Bubeck et al., 2012; Falguni & Singh, 2020; Mandal 
& Chakrabarty, 2016; Shafapour Tehrany et al., 2017).

GIS and remote sensing technologies map the spatial 
variability of flooding events and the resulting hazards 
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1. 	 Introduction 
The change in land-use/land-cover (LULC) is a complex 

process caused by natural and human activities (Hadeel, Jabbar, 
& Chen, 2009). Some of the factors responsible for LULC change 
include population growth and socio-economic dynamics 
(Jokar Arsanjani, Helbich, & de Noronha Vaz, 2013). These 
factors are closely related to human activity due to the need for 
space, serving as the center of activity. According to (Bhatta, 
2009), population growth and socio-economic activities have 
a direct relationship with urban development. Furthermore, 
(Desmet & Henderson, 2015) stated that most increases 
in the number and size of urban populations are caused by 
economic growth and development. Hoselitz in (Polous (1982) 
Urban Growth Theories and Patterns of Iraq, n.d.),  population 
growth in urban and industrial centres is inevitable as a result 
of economic development, through industrialisation, mining 
or commercialisation, and development in agriculture.

Consistent with the statement of (Branch, 1995) in 
(Pigawati, Yuliastuti, & Mardiansjah, 2017), physical urban 
development is evident through the growth and increase of 
population density, as well as widespread development of 
built-up land to support social and economic activities. The 
continuous development of the city increases pressure due to 
the higher space demand for the benefit of socio-economic 
activities. However, due to the increasingly limited availability 
of land in urban areas, several individuals resorted to sacrificing 
non-developed land to address these spatial demands. As 

stated by (Halleux, Marcinczak, & van der Krabben, 2012), 
urban development has led to significant changes in LULC.

Banyumas is one of the regencies in the southwest part 
of Central Java Province, located in a strategic area. It is one 
of the intersection of cross-regional transportation, namely 
West Java to Yogyakarta and Cilacap Regency to Semarang 
City. This strategic location makes Banyumas Regency a 
center for activities and services in Banjarnegara, Purbalingga, 
Banyumas, Cilacap, and Kebumen, known as Barlingmascakeb 
Area. In addition, there is a transportation facility in the 
form of a large class A station belonging to PT KAI, namely 
Purwokerto Station, which supports access to land routes. 
Banyumas Regency is geographically located on the southern 
slope of Mount Slamet and the valley of Serayu River. This 
condition makes the Regency an area with abundant and 
wealthy resources. Some of the factors driving this region 
to continuous development include easy accessibility and 
abundant resources. This is evident in the events of the last two 
decades, where the growth that occurred has accelerated with 
population growth and continues to increase yearly.

The population of Banyumas Regency in 2000 was 
1,485,745 (Kabupaten Banyumas Dalam Angka 2000, n.d.) and 
1,553,902 in 2010 (Kabupaten Banyumas Dalam Angka 2011, 
n.d.). Meanwhile, in 2020, the figure increased to 1,776,918, as 
reported by (Kabupaten Banyumas Dalam Angka 2021, n.d.). 
An increase of 68,157 was recorded in ten years, from 2000 
to 2010. However, compared to the increase of 223,016 from 
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1. Introductin
Floods occur when a river exceeds its storage capacity, 

forcing the excess water to overflow the banks and fill the 
adjacent low-lying lands. This phenomenon represents the 
most frequent disasters affecting a majority of countries 
worldwide (Rincón et al., 2018; Zwenzner & Voigt, 2009), 
specifically Indonesia. Flooding is one of the most devastating 
disasters that yearly damage natural and man-made features 
(Du et al., 2013; Falguni & Singh, 2020; Tehrany et al., 2013; 
Youssef et al., 2011).

There are flood risks in many regions resulting in great 
damage (Alfieri et al., 2016; Mahmoud & Gan, 2018) with 
significant social, economic, and environmental impacts 
(Falguni & Singh, 2020; Geographic, 2019; Komolafe et al., 
2020; Rincón et al., 2018; Skilodimou et al., 2019). The effects 
include loss of human life, adverse impacts on the population, 
damage to the infrastructure, essential services, crops, and 
animals, the spread of diseases, and water contamination 
(Rincón et al., 2018).

Food accounts for 34% and 40% of global natural disasters 
in quantity and losses, respectively (Lyu et al., 2019; Petit-
Boix et al., 2017), with the occurrence increasing significantly 
worldwide in the last three decades (Komolafe et al., 2020; 
Rozalis et al., 2010). The factors causing floods include 
climate change (Ozkan & Tarhan, 2016; Zhou et al., 2021), 
land structure (Jha et al., 2011; Zwenzner & Voigt, 2009), and 
vegetation, inclination, and humans (Curebal et al., 2016). 
Other causes are land-use change, such as deforestation and 
urbanization (Huong & Pathirana, 2013; Rincón et al., 2018; 
N. Zhang et al., 2018; Zhou et al., 2021).

The high rainfall in the last few months has caused much 
flooding in the sub-districts of the West Kalimantan region. 
Thousands of houses in 18 villages in Melawi Regency have 
been flooded in the past week due to increased rainfall 

intensity in the upstream areas of West Kalimantan. This 
occurred within the Nanga Pinoh Police jurisdiction, including 
Tanjung Lay Village, Tembawang Panjang, Pal Village, Tanjung 
Niaga, Kenual, Baru and Sidomulyo Village in Nanga Pinoh 
Spectacle, Melawi Regency (Supriyadi, 2020).

The flood disaster in Melawi Regency should be mitigated 
to minimize future consequences by mapping the risk. 
Various technologies such as Remote Sensing and Geographic 
Information Systems have been developed for monitoring flood 
disasters. This technology has significantly contributed to flood 
monitoring and damage assessment helpful for the disaster 
management authorities (Biswajeet & Mardiana, 2009; Haq 
et al., 2012; Pradhan et al., 2009). Furthermore, techniques 
have been developed to map flood vulnerability and extent 
and assess the damage. These techniques guide the operation 
of Remote Sensing (RS) and Geographic Information Systems 
(GIS) to improve the efficiency of monitoring and managing 
flood disasters (Haq et al., 2012).

In the age of modern technology, integrating information 
extracted through Geographical Information System (GIS) and 
Remote Sensing (RS) into other datasets provides tremendous 
potential for identifying, monitoring, and assessing flood 
disasters (Biswajeet & Mardiana, 2009; Haq et al., 2012; 
Pradhan et al., 2009). Understanding the causes of flooding 
is essential in making a comprehensive mitigation model. 
Different flood hazard prevention strategies have been 
developed, such as risk mapping to identify vulnerable areas’ 
flooding risk. These mapping processes are important for the 
early warning systems, emergency services, preventing and 
mitigating future floods, and implementing flood management 
strategies (Bubeck et al., 2012; Falguni & Singh, 2020; Mandal 
& Chakrabarty, 2016; Shafapour Tehrany et al., 2017).

GIS and remote sensing technologies map the spatial 
variability of flooding events and the resulting hazards 
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2010 until 2020, the second decade tripled that of the first. 
Therefore, Banyumas Regency was predicted to experience 
continuous growth and development, both physically and 
socio-economically.

Remote sensing and GIS technologies for urban 
development are commonly used recently. This method 
extracts spatial information about the type of LULC and 
enables the detection of changes within a given area in a 
time series. The data is instrumental in informing urban 
planning and development activities (Ewing & Pendall, n.d.). 
Additionally, the images facilitate the observation of growth 
patterns in urban area (Yunus, 2005). (Bhatta, 2009), analyzed 
urban development patterns in Kolkata, India, by comparing 
and modeling temporal information, such as built-up land, 
number of households and workers, developable area, number 
of workers, and population. (Sabet Sarvestani, Ibrahim, & 
Kanaroglou, 2011) analyzed urban development in Shiraz, 
Iran, by examining land use changes from 1976 to 2005. 
(Wang, Gong, Wang, Deng, & Cao, 2021), analyzed urban 
development using a built-up land map based on several high-
resolution satellite data. Based on many studies conducted 
globally, the use of remote sensing and GIS has proven 
reliable for extracting information on the spatial and temporal 
dynamics of urban development for planning and monitoring 
activities (Masek et al., 2000; Ramadan et al., 2004; Kaya & 
Curran, 2006; El Garouani, Mulla, El Garouani, & Knight, 
2017; Ali et al., 2018; Woldesemayat & Genovese, 2021).

This study integrates remote sensing technology with 
geographic information systems to examine the direction 
of urban development in Banyumas Regency over 20 years. 
Remote sensing methods extract information on LULC and 

	

change  through  multispectral  classification.  Meanwhile,  GIS
was used to study and visualize the direction of  development.

2. Methods
Study Area

  Banyumas Regency is located in the southwest of Central 
Java  Province,  as  shown  in  Figure  1.  Astronomically,  this 
regency  is  located  between  7° 15'  05”  to  7° 37'  10”  South 
Latitude and 108° 39' 17” to 109° 27' 15” East Longitude, which 
is an area in the southern hemisphere of the equator. The area 
of Banyumas Regency is 1,327.59 km² or 132,759 Ha and has
a topography in the form of lowlands and mountains with a 
dominance of >45% spread in the central and southern parts.

Data Collection
  Three  different  data  obtained  from  numerous  sources 

were used in this study. The data include a medium-resolution 
remote  sensing  image,  and  a  digital  topographical  map  of 
Banyumas  Regency  from  Rupabumi  Indonesia  (RBI)  in 
1:25,000 scale, with the population statistics in 2000 and 2020. 
Furthermore,  the  remote  sensing  images  used  are  Landsat  8 
OLI image recorded in 2020 and Landsat 5 TM image in 2000 
retrieved from the Google Earth Engine platform. Both images 
are Landsat Image Collection 2 Level-2, enduring radiometric 
correction to the surface reflectance and geometric levels. The 
two images were used to extract LULC through multispectral 
classification with a maximum likelihood algorithm. A digital 
map of Banyumas Regency from Rupa Bumi Indonesia (RBI)
on  a  1:25.000  scale  was  necessary  to  obtain  information  on 
administration borders, roads, and rivers.

Figure 1. Study Area
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Classification

Classification of LULC refers to the USGS (United States 
Geological Survey) system proposed by James R. Anderson. 
LULC information extraction was carried out through 
multispectral classification with the Maximum Likelihood 
algorithm on Landsat 5 TM imagery in 2000 and Landsat 8 
OLI imagery in 2020. Based on the data source used, Landsat 
imagery with medium resolution and a map output scale of 
1:100,000, classification system used was level II. However, this 
study used only 7 LULC classes with modifications designed to 
the conditions, as shown in Table 1.

LULC Changes Detection
LULC change was extracted from the results of the 

2000 and 2020 classifications. The analysis was carried out 
by overlaying using time series through crosstabs in Terrset 
software and the results were used as a reference to observe the 
direction of urban development.

The Direction of Urban Development
The direction of urban development was identified 

based on the increase in built-up land that occurred from 
2000 to 2020. According to the cardinal directions (Nugroho 
& Rahardjo, n.d.), the first analysis divided the Banyumas 
Regency area into four quadrants, namely I (Northeast), II 

	

(Southeast),  III  (Southwest),  and   IV  (Northwest)  at  the  city 
center  point.  The  second  analysis  was  conducted  using  the 
Standard Deviational Ellipse (SDE) (Jian et al., 2016; Rizwan, 
Wan, & Gwiazdzinski, 2020; Li & Cao, n.d.), which considered 
the determination of the city center point, long axis, and short
axis. Each of these analyses was processed in ArcGIS software.

3. Result and Discussion
Classification of LULC

  Classification  scheme  of  LULC  refers  to  the  system 
proposed by James. R. Anderson with modification. The result 
showed that the most significant change was in the decline of 
forest area from 908,582 pixels to 750,158 pixels. In the results 
of multispectral classification, isolated pixels are often found 
among  the  homogenous.  Therefore,  post-classification  was 
necessary to accomplish the most accurate classification result. 
This  process  used  a  filtering  method  to  generalize  isolated 
pixels  to  homogenous.  The  filtering  method  is  a  majority 
filter  with  a  moving  window  size  of  3  x  3.  The  result  of  the 
majority  filter  showed  a  more  precise  and  unified  visual  for 
each  classification.  This  result  generalized  LULC  with  small 
areas into the more dominant classes. The visualization results 
of LULC classification in 2000 and 2020 results are shown as a 
map in Figures 2 and 3. 

Table 1. Classes of LULC

Class Description
Forest Land Forest areas with green trees all year round; forest areas with trees as a resource for 

logs (plantation forest)

Mixed cropland/plantation area Crops as resources for food production; fruit-producing trees for commercial 
purposes; seedling plants 

Agricultural land and pastures Harvested agricultural land (rice, corn, cassava, tubers, beans, unused agricultural 
land) and pastures

Residential area Residential buildings from high to low-density 

Commercial, services, and industrial area Central business area; shopping area; expansion of commercial lanes along major 
highways; office buildings; educational, religious, health, and military facilities 

Open land/other urban area Golf course; field; burial lands; city park; mining area; and ex-mining area 

River/other water area Big rivers, streams, creeks, lakes, and reservoirs
Source: (Anderson, Hardy, Roach, & Witmer, n.d.)

Table 2. Number of Pixels in Each Class Image

Class Classification Landsat 5 TM 2000
(px)

Landsat 8 OLI 2020
(px)

Forest Land 908,582 750,158
Mixed Cropland/Plantation Area 142,264 137,557

Agricultural Area and Pastures 346,125 467,661

Residential Area 133,933 169,965

Commercial, Services, and Industrial Areas 8,749 16,682

Open Land/Other Urban Area 12,847 11,422

River/Other Water Area 12,182 14,071
       Source: data processing
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Figure 2. LULC in 2000

Figure 3. LULC in 2020
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LULC Changes
Banyumas Regency had experienced a certain amount of 

LULC change from 2000 to 2020. LULC was analyzed through 
a comparison between several maps using change/time series 
in crosstab between 2000 and 2020. The result of this analysis 
is a map of LULC from 2000-2020 shown in  Figure 4.  and 
a matrix of changes, which was obtained from pixel-based 
cross-tabulation.  Table 3  shows the result of processing the 
matrix of changes, which is the area of LULC change of each 
classification.

The highest class changes are forest as well as agricultural 
land and pastures, with an area of 142,584.3 km² and 107,240.4 
km², respectively. This change occurred in the hilly valleys 
of Gumelar, Lumbir, Wangon, Jatilawang, and Ajibarang 
Districts. Furthermore, the changes in the class of agricultural 
land and pastures occurred on the slopes of Slamet Volcano, 

specifically in Pekuncen, Cilongok, Baturraden, and Sumbang 
Districts. This change is attributed to development of livestock 
breeding fields in Cilongok, Baturraden, and Sumbang 
Districts, requiring a pasture area for breeding sustainability. 
This change is followed by the residential class, with an area of 
32,463 km². This change is due to the increase in population, 
which increased by 19.6% from 2000 to 2020 (Kabupaten 
Banyumas Dalam Angka 2000, n.d.; Kabupaten Banyumas 
Dalam Angka 2021, n.d.).

The Direction of Built-up Land Development from 
2000-2020

Development direction of built-up land in Banyumas 
Regency was identified using four quadrants based on cardinal 
direction and SDE. The quadrants were centered on the point 
of the city, which is located in the city square. Furthermore, 

 Figure 4. LULC change 2000 - 2020

Table 3. The Area of LULC Change in Banyumas Regency from 2000-2020

Class Classification Area (km²) Change (km²) Percentage (%)

2000 2020
Forest Land 816,948 674,363.7 142,584.3 48
Mixed Cropland/Plantation Area 127,831.5 123,240.6 4,590.9 1.55

Agricultural Area and Pastures 311,172.3 418,412.7 107,240.4 36.10

Residential Area 120,468.6 152,931.6 32,463 10.93

Commercial, Services, and Industrial Areas 7,866 14,903.1 7,037.1 2.37

Open Land/Other Urban Area 11,556.9 10,206 1,350.9 0.45

River/Other Water Area 10,722.6 12,508.2 1,785.6 0.60
Source: Data processing
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the built-up land in 2000 and 2020 was calculated to obtain 
the number of changed areas, and the direction of the 
dominant development was obtained. This direction can fall 
into quadrant I (northeast), II (southeast), III (southwest), 
or IV (northwest). The division of four quadrants based on 
the cardinal direction regarding the change of built-up land 
is shown in Figure 5. Table 4 shows the calculation table of 
built-up land area in 2000 and 2020, as well as the change. The 
results show that the highest change of built-up land from 2000 
to 2020 occurred in quadrant II, stretching to the southeast 
with an extension area of 21.95 km². This extension occurred 
due to some factors that caused a land change in quadrant II. 
In addition, land change was influenced by the characteristics 
of the location in which it occurs. The factors causing land 
change include the close distance from the area of the city 
center, easy accessibility, adequate public facilities, and access 
to the main transportation route that connects regions. For 
example, Figure 6 shows the presence of public facilities, such 
as health, recreational areas, transportation, and main routes 

that  connect  Banyumas Regency  with  other  regions.  This 
includes  the  primary  arterial  road  that  runs  along  Tambak, 
Sumpiuh,  and  Kemranjen  Districts,  and  the  collector  road 
in  Sokaraja  District,  which  are  also  in  quadrant  II.  Major 
transportation routes impact land change, where many shops 
and settlements are close to the road.

  The following process was used to observe the direction of 
built-up land development using SDE. The analysis showed that 
the trends of central tendency, dispersion, and the directional 
trend  of  LULC  change.  Furthermore,  the  result  of  the  SDE 
analysis was in the form of ellipse that shows the directional 
trend  of  built-up  land  development  (Figure  7).  According 
to ellipse formed, the  change in  built-up land only occurred 
evenly  across  Banyumas  Regency,  but  concentrated  in  the 
east  and  south  parts,  thereby  forming  an  oval  ellipse.  The 
result  of  this  study  showed  a  significant  difference  between 
the  range  of  the  minor  and  major  axes  because  the  change 
points of the built-up land were not concentrated near urban 
center. However, it formed a directional trend of built-up land

Figure 5. Map of built-up land development Using Four Quadrants

Table 4. Area of Built-up Land Extensions from 2000-2020 Based on Quadrant Direction

Quadrant Division
Area of Built-up Land (km²)

2000 2020 Change
I 22.81 29.57 6.76
II 23.92 45.87 21.95
III 48.79 50.41 1.62
IV 31.01 39.57 8.56

Total 126.53 165.42 38.89
Source:  data processing
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development oriented towards the southeast. Suppose ellipse 
is shown with the built-up land map of 2000-2020, then the 
number of extensions will be relatively high, specifically in 
West Purwokerto, South Purwokerto, Sokaraja, Kebasen, 
Kemranjen, and Sumpiuh Districts. The directional trend of 
land development in Banyumas Regency, oriented towards 

the southeast was associated with several factors that trigger 
land change. The districts of West and South Purwokerto 
were directly adjacent to the city center in East Purwokerto 
District. The only train station in Purwokerto, which is one of 
the major routes connecting cities both within and outside the 
province, was located in West Purwokerto District. Therefore, 

Figure 6. Public Facility in Banyumas Regency

Figure 7. Map of built-up land development Using SDE
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development of built-up land around facilitate the growth of 
places for services and shops as well as living areas. In South 
Purwokerto  District,  there  are  some  recreational  locations, 
such as Rajawali Cinema, Bulupitu Terminal, offices, shopping 
centers, and small shops.

  The results of both analyses using quadrants according to 
the cardinal directions and SDE showed that land development 
in  Banyumas  Regency  from  2000-2020  tended  towards  the 
southeast,  included  in  quadrant  II.  The  area  of  the  districts 
covered in quadrant II includes South Purwokerto, Sokaraja, 
Kalibagor, Banyumas, Kemranjen, Sumpiuh, Tambak, parts of 
Kebasen,  and  Patikraja.  The  factors  influencing  land  change 
in  the  elliptical  area  were  similar  to  those  described  in  the 
quadrant method, with complete transportation facilities and 
amenities. Socio-economic activities cannot be separated from 
population growth, showing that the changes in LULC, such 
as the significant increase in built-up land, will continue to be 
interrelated with population and socio-economic aspects as a 
driving factor in development of the city. Remote sensing and 
GIS  showed  that  information  on  LULC  played  a  significant 
role  in  urban  development,  specifically  in  the  planning  and 
management of a city.

4. Conclusion
  In conclusion, urban development in Banyumas Regency 

was caused by increased public facilities, both for educational 
purposes and economic affairs, such as shops and commercial 
activity. This development occurred in response to the increase 
in population with the high activity frequency. Therefore, the 
demands  for  space  to  accommodate  the  physical  facilities  to 
conduct  the  activity  were  also  higher.  Remote  sensing  and 
geographic  information  systems  were  successfully  used  to 
conduct mapping, both partially and temporally in the study 
of  urban  development.  Physically,  urban  development  was 
observed  by  changing  non-built  into  built-up  lands.  In  20 
years,  Banyumas  Regency  experienced  a  high  extension  of 
built-up and a decrease in non-built lands. According to the 
four quadrants, which are based on cardinal direction and the 
SDE, urban development in Banyumas Regency was directed 
towards the southeast.

  Urban development was a very dynamic matter, requiring 
appropriate monitoring of urban areas to achieve sustainable 
goals.  This  monitoring  was  intended  as  a  basis  for  future 
planning  regarding  urban  development  by  examining  the 
changes  that  occurred  from  the  past  to  the  present.  This 
showed that the trend or dynamics of urban development was 
an essential aspect of understanding urban growth.
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Flood Risk Mapping Using GIS and Multi-Criteria Analysis at Nanga Pinoh West 
Kalimantan Area 
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Abstract. Flood is one of the disasters that often hit various regions in Indonesia, specifically in West Kalimantan. 
The floods in Nanga Pinoh District, Melawi Regency, submerged 18 villages and thousands of houses. Therefore, 
this study aimed to map flood risk areas in Nanga Pinoh and their environmental impact. Secondary data on 
the slope, total rainfall, flow density, soil type, and land cover analyzed with the multi-criteria GIS analysis 
were used. The results showed that the location had low, medium, and high risks. It was found that areas with 
high, prone, medium, and low risk class are 1,515.95 ha, 30,194.92 ha, 21,953.80 ha, and 3.14 ha, respectively. 
These findings implied that the GIS approach and multi-criteria analysis are effective tools for flood risk maps 
and helpful in anticipating greater losses and mitigating the disasters.
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1. Introductin
Floods occur when a river exceeds its storage capacity, 

forcing the excess water to overflow the banks and fill the 
adjacent low-lying lands. This phenomenon represents the 
most frequent disasters affecting a majority of countries 
worldwide (Rincón et al., 2018; Zwenzner & Voigt, 2009), 
specifically Indonesia. Flooding is one of the most devastating 
disasters that yearly damage natural and man-made features 
(Du et al., 2013; Falguni & Singh, 2020; Tehrany et al., 2013; 
Youssef et al., 2011).

There are flood risks in many regions resulting in great 
damage (Alfieri et al., 2016; Mahmoud & Gan, 2018) with 
significant social, economic, and environmental impacts 
(Falguni & Singh, 2020; Geographic, 2019; Komolafe et al., 
2020; Rincón et al., 2018; Skilodimou et al., 2019). The effects 
include loss of human life, adverse impacts on the population, 
damage to the infrastructure, essential services, crops, and 
animals, the spread of diseases, and water contamination 
(Rincón et al., 2018).

Food accounts for 34% and 40% of global natural disasters 
in quantity and losses, respectively (Lyu et al., 2019; Petit-
Boix et al., 2017), with the occurrence increasing significantly 
worldwide in the last three decades (Komolafe et al., 2020; 
Rozalis et al., 2010). The factors causing floods include 
climate change (Ozkan & Tarhan, 2016; Zhou et al., 2021), 
land structure (Jha et al., 2011; Zwenzner & Voigt, 2009), and 
vegetation, inclination, and humans (Curebal et al., 2016). 
Other causes are land-use change, such as deforestation and 
urbanization (Huong & Pathirana, 2013; Rincón et al., 2018; 
N. Zhang et al., 2018; Zhou et al., 2021).

The high rainfall in the last few months has caused much 
flooding in the sub-districts of the West Kalimantan region. 
Thousands of houses in 18 villages in Melawi Regency have 
been flooded in the past week due to increased rainfall 

intensity in the upstream areas of West Kalimantan. This 
occurred within the Nanga Pinoh Police jurisdiction, including 
Tanjung Lay Village, Tembawang Panjang, Pal Village, Tanjung 
Niaga, Kenual, Baru and Sidomulyo Village in Nanga Pinoh 
Spectacle, Melawi Regency (Supriyadi, 2020).

The flood disaster in Melawi Regency should be mitigated 
to minimize future consequences by mapping the risk. 
Various technologies such as Remote Sensing and Geographic 
Information Systems have been developed for monitoring flood 
disasters. This technology has significantly contributed to flood 
monitoring and damage assessment helpful for the disaster 
management authorities (Biswajeet & Mardiana, 2009; Haq 
et al., 2012; Pradhan et al., 2009). Furthermore, techniques 
have been developed to map flood vulnerability and extent 
and assess the damage. These techniques guide the operation 
of Remote Sensing (RS) and Geographic Information Systems 
(GIS) to improve the efficiency of monitoring and managing 
flood disasters (Haq et al., 2012).

In the age of modern technology, integrating information 
extracted through Geographical Information System (GIS) and 
Remote Sensing (RS) into other datasets provides tremendous 
potential for identifying, monitoring, and assessing flood 
disasters (Biswajeet & Mardiana, 2009; Haq et al., 2012; 
Pradhan et al., 2009). Understanding the causes of flooding 
is essential in making a comprehensive mitigation model. 
Different flood hazard prevention strategies have been 
developed, such as risk mapping to identify vulnerable areas’ 
flooding risk. These mapping processes are important for the 
early warning systems, emergency services, preventing and 
mitigating future floods, and implementing flood management 
strategies (Bubeck et al., 2012; Falguni & Singh, 2020; Mandal 
& Chakrabarty, 2016; Shafapour Tehrany et al., 2017).

GIS and remote sensing technologies map the spatial 
variability of flooding events and the resulting hazards 
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