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ABSTRACT: Extreme weather events such as tropical cyclones trigger floods in parts of Indonesia and result 

in massive damage. Tropical Cyclone Cempaka in 2017 is an example of such an event, which caused high 

levels of loss of life and property in Pacitan Regency. This area is located in the southern part of Java Island, 

an area prone to tropical cyclones. This paper aims to identify the specific area of Pacitan, Indonesia, that is 

affected to flood hazards triggered by extreme weather. The flood event during Cyclone Cempaka in 2017 is 

used as a case study, and the identification of flood-affected areas due to extreme weather was carried out by 

an analysis of Landsat 8 satellite imagery. Normalized Differentiation Vegetation Index (NDVI) was used to 

identify the inundated areas at that time, corrected by Normalized Difference Water Index (NDWI), slope, and 

landform. The flood-affected area included 11 villages with a total area of 412.684 hectares. Those villages are 

located in areas of landform resulting from fluvial processes with slope 0-2 and 2-7% which are prone to 

flooding. The results of the identification are appropriate for preparing mitigation strategies for the area. 

 

Keywords: flood hazard, extreme weather, tropical cyclone, remote sensing, GIS 

 

 

1. INTRODUCTION 

 

Extreme weather is defined as unpredictable, 

unusual, severe or unseasonal weather at the 

extreme of historical distribution. In recent years, 

much evidence indicates that global warming 

caused by human activity increases the periodicity 

and intensity of some extreme weather events [1-4]. 

These events have a significant influence on human 

society [5,6] and on natural ecosystems [7,8]. 

Tropical cyclones are among the extreme weather 

events experienced in Indonesia. 

Tropical cyclones (or typhoons) are events that 

have the potential to harm human populations [9-

12]. From a meteorological perspective, the term 

‘tropical cyclone’ refers to the formation of low 

pressure that generally occurs in the tropics at 

latitudes between 10⁰ and 20⁰ South/North of the 

equator [8-13]. Tropical cyclones occur in the 

Earth's atmosphere above warm seas located in the 

tropics and play an important role in heat transfer 

from low to higher latitudes [14,15]. 

Geographically, Indonesia is not in a tropical 

cyclone track and does not meet the regional 

requirements for cyclone formation; however, 

although tropical cyclones never actually occur in 

Indonesia, their effects are often felt there. 

The impact of tropical cyclones can reach for 

thousands of kilometres from the centre of the storm 

and cause heavy rain and strong winds leading to 

flooding, landslides, falling trees and danger to 

aircraft and shipping [16-18]. Since 1983 there have 

been nine cyclone events around Indonesian waters 

that have affected the weather in parts of Indonesia 

[19]. Of these, Cyclone Cempaka occurred closest 

to Indonesian territory, with impacts on weather 
such as heavy rains, strong winds, and storms 

triggering natural disasters such as flooding, flash 

floods, and landslides [10,19,20]. Areas affected by 

Cyclone Cempaka included Jakarta, West Java, 

Central Java, Yogyakarta Special Region, East Java, 

Kangean Island, Bali, Nusa Tenggara, and southern 

Java waters. 

One of the areas affected by Cyclone Cempaka 

that suffered a very large amount of damage and 

loss resulting from extreme rainfall was Pacitan 

Regency and surrounding areas, East Java. Monthly 

rainfall in Pacitan Regency for November between 

1987 and 2006 was in the range of 110 mm to 125 

mm, but during Cyclone Cempaka, November 

rainfall increased dramatically, to between 800 mm 

and 950 mm across the area [21]. The high intensity 

of this rainfall triggered various disasters in several 

regions of Indonesia, and especially in East Java. 

The region of South Java is prone to various 

types of natural disasters [22]. The Pacitan Regency 

is one of the areas of southern Java that was closest 

to Cyclone Cempaka, and weather changes that 

occurred were extreme and caused floods and 

landslides in several locations. The disaster resulted 
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in 25 fatalities, approximately 4,000 people were 

affected and evacuated, and material losses to 

infrastructure and settlements and economic, 

cultural, and other cross-sectoral losses reached Rp 

1 trillion [23]. In light of impacts such as these, 

efforts are needed to identify the total area affected 

by flooding and to take appropriate disaster-

mitigation measures to reduce the risk of loss during 

future disasters. 

One of the efforts made to identify areas 

affected by floods in Pacitan is the use of remote-

sensing technology for tentative analysis of the 

affected area. The data gathered can then be further 

corrected with other supporting data. This study 

focuses on the identification of flood-affected areas 

triggered by Cyclone Cempaka in 2017. The 

location of the study area is Arjosari District, 

Pacitan Regency. The location was chosen because 

it has been repeatedly hit by floods and has high 

population numbers (41,686) and density (356 

people / km2) [24]. Identification of the affected 

area is very important as an assessment of damage 

and losses, and in devising mitigation plans to 

reduce the impact of future disasters [25]. 

Remote-sensing technology was chosen as the 

basis for this data analysis because it offers results 

that can be scientifically justified and are relatively 

cost-effective to obtain [3]. This technology is 

therefore very suitable for preliminary studies. This 

preliminary study is an initial step in a series of 

studies in the same area, results of which can be 

used as a basis for further research and are relevant 

for use in decision making and planning for 

appropriate disaster mitigation. 

 

2. METHOD 

 

This study was conducted in part of Arjosari 

Subdistrict, Pacitan Regency, East Java Province 

(Fig.1). The location of the study was determined 

by conducting a literature study of the area affected 

by floods triggered by Cyclone Cempeka. Literature 

study data are tabular and descriptive and so spatial 

studies need to be carried out in order to spatially 

identify the area affected by floods that were 

triggered by Cyclone Cempeka.  

Even though the number of villages/kelurahan 

(village offices) affected by flooding in Arjosari 

Subdistrict is not as high as in other subdistricts, this 

district was chosen because of its relatively frequent 

flooding events compared to other areas, whether 

due to river overflow or triggered by cyclone 

phenomena. After determining the location of the 

study, satellite images that covers Arjosari District 

were selected. 

The next step is the selection of the satellite 

imagery that is suitable for the analysis technique 

and the purpose of the study. The satellite imagery 

used in this study is Landsat 8 imagery from 5 

December 2017 obtained from the website 

http://earthexplorer.usgs.gov [26]. Landsat 8 

imagery has a temporal resolution of 16 days and 

images were selected with recording date closest to 

the Cempaka tropical cyclone event. It was chosen 

because the recording time is close to the time of the 

flood disaster triggered by Cyclone Cempaka and 

the visual quality of the image is only slightly 

distorted. The image was then processed and 

analysed to obtain Normalized Differentiation 

Vegetation Index (NDVI) data, this being the most 

commonly used vegetation index [27]. This index is 

obtained by utilizing the red and near-infrared 

channels, both of which have a fairly large range of 

responses to vegetation, making it easier to 

distinguish between wet and dry areas [28]. The 

formula used for NDVI analysis is presented in Eq. 

(1). 

 

 
 

Fig.1 The Study Area. 

 

NDVI = (NIR – Red) / (NIR + Red)                (1) 

 

Remote sensing technology such as NDVI has 

long been used for the analysis of flood-affected 

areas. [29] use a Modified Normalized Divergence 

Water Index (MNDWI) utilizing Landsat 5 

Thematic Mapper (L5-TM) images and Landsat 8 

Operational Land Imager (L8-OLI) to identify 

wetlands in the Ramsar Wetlands Reserve, 

Argentina. Meanwhile, [30] use more complex 

methods to assess the danger of flash floods in the 

Haraz river basin, North Iran; these methods 

include Logistic Model Trees (LMT), Reduced 

Error Pruning Trees (REPT), Naive Bayes Trees 

(NBT) and Alternating Decision Trees (ADT), 

which utilise data relating to ground slope, altitude, 

curvature, Stream Power Index (SPI), Topographic 

http://earthexplorer.usgs.gov/
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Wetness Index (TWI), land use, rainfall, river 

density, distance from river, lithology and NDVI. 

Furthermore, [31] designed a flood scenario using 

RADARSAT and MODIS data for flood mapping 

in Thailand. However, slightly different from some 

of these studies, this study seeks to analyze flood-

affected areas due to extreme weather by using 

NDVI responses to various types of land cover 

In this study,the interpretation of flooded areas 

is based on the identification of elements of image 

interpretation, namely hue and colour [32]. Areas 

with darker hues and blacker colours than other 

areas were identified as being flooded at the time of 

recording. Flooded areas will appear darker because 

water absorbs almost all wavelengths, so that water 

in the image will look dark. The assumption used in 

this study is that wet areas are areas that are affected 

by floods and areas that tend to be dry are not 

affected by floods. Corrections are performed using 

hydrographic data, slope data, landforms and land-

use data from colour panchromatic images to 

distinguish between flooded areas and water bodies 

or wet agricultural areas. 

Hydrographic data is obtained from the 

interpretation of three-dimensional topographic 

data and uses hydrographic data from Indonesian 

land maps published by the Geospatial Information 

Agency (BIG). The slope and dimensional shape 

data used is the result of processing the National 

Digital Elevation Model (DEMNAS) data obtained 

from http://tides.big.go.id/DEMNAS/ [33]. The 

next step is the delineation of areas affected by the 

flooding triggered by Cyclone Cempaka. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Imagery Selection and Normalized 

Differentiation Vegetation Index (NDVI) 

Analysis 

 

The selection of satellite imagery was carried 

out after determining the study area. The study area 

was determined based on data from the National 

Disaster Management Agency (BNPB). Data is 

presented for the three locations most severely 

affected by Cyclone Cempaka in Pacitan District in 

2017 (Table 1).  

Arjosari Subdistrict was chosen with 

consideration to several villages in the region which 

had repeatedly experienced flooding. The data is 

analysed in accordance with the administrative 

boundaries of Arjosari District and the Landsat 8 

imagery was cut in accordance with the district 

boundary. Image cutting aims to ensure the image 

to be processed is specific to the area to be studied 

and in accordance with the region of interest. 

 

Table 1 Cyclone Cempaka-affected areas in 

Pacitan Regency, 2017 

 

No Subdistricts Villages 

1. Pacitan Sirnoboyo, Sukoharjo, 

Kayen, Kembang, 

Ploso, Arjowinangun, 

Sidoharjo 

2. Kebon 

Agung 

Purworejo, Banjarjo, 

Kebon Agung 

3. Arjosari Pagutan, Jatimalang, 

Arjosari, Tremas 

 

This study focuses on the utilization of NDVI 

results from Landsat 8 data processing which is 

corrected by the characteristics of the research area. 

NDVI utilizes the functions of two image bands, 

namely the red band (RED) and the near-infrared 

band (NIR) and produces a range of values from -1 

to 1. After NDVI is obtained, the next step is to 

match the results of the NDVI analysis with the 

1986 Holben classification [34] (Table 2). The 

classification is made with the aim of distinguishing 

between vegetation and other objects such as clouds, 

bare soil, rocks and surface water. Therefore, this 

study uses these classifications as initial 

identification, with the assumption that flood-

affected areas can be identified from areas with 

values according with water criteria. 

 

Table 2 Classification of NDVI for various types 

of land cover 

 

No. Cover type RED NIR NDVI 

1. Dense green-

leaf vegetation 

0.050 0.150 0.500 

2. Medium 

green-leaf 

vegetation 

0.080 0.110 0.140 

3. Light green-

leaf vegetation 

0.100 0.120 0.090 

4. Bare soil 0.269 0.283 0.025 

5. Clouds 

(opaque) 

0.227 0.228 0.002 

6. Snow and ice 0.375 0.342 -0.046 

7. Water 0.022 0.013 -0.257 

Source: Holben, 1986 

 

The results of the analysis show that the area 

identified as flooded includes areas with values 

below 0. These areas are included in 11 

administrative areas of villages in the Arjosari 

District, Pacitan Regency (Fig.2). These areas 

appear darker than the surrounding area because it 

is wetter, so it can be assumed that the area is 

flooded. 
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The use of remote sensing technology has 

long been developed for the analysis of flood-

affected areas as well as analysis of losses due to 

flooding. [35] utilizing SRTM, and Landsat 

imagery combined with land use data, slope, and 

hydrological data for the analysis of flash flood 

affected-areas. The resulting maps produce a high 

level of accuracy because the use of remote sensing 

data is also supported by topography and hydrology 

data. Furthermore, the combination of analysis 

between remote sensing technology and 

hydrological modeling is often used by researchers. 

It can produce a good quality of spatial distribution 

of flood-affected areas because they used various 

types of data. Such research was carried out by [36-

38] for the analysis of flood-affected areas and the 

potential losses caused by it. However, the large 

amount of data used in these studies sometimes 

becomes a barrier in researching due to high costs. 

Therefore, this study seeks to show that the use of 

relatively inexpensive data and simple analysis can 

produce the distribution of flood-affected areas with 

good accuracy even on a small scale. 

  

3.2 Identification of Slope and Landform 

 

Topographic data is used as a comparison as 

well as for corrections to landform data. The 

landform analysis conducted is interpretation at the 

macro scale, which only identifies landforms based 

on their morphology and morphogenes on a small 

scale. The more accurate the topographic data used, 

the better the correction results become [39]. The 

results of identification show that Arjosari 

Subdistrict consists of two principle landforms, 

namely those resulting from the denudational 

process and those resulting from fluvial processes. 

Fig.3 The controlling and correction factors used to derive flood-affected area. (a) Slope and (b) landform, (c) 

flood-affected area compared with slope and landform units. 

Fig.2 NDVI as initial factor used to derive flood-affected area. (a) NDVI, (b) NDVI overlaid with stream 

networks and flood affected areas. 
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The area affected by floods triggered by Cyclone 

Cempaka is located in areas of landform resulting 

from fluvial processes. If analysed further, these 

landforms are found to comprise the valley between 

hills associated with the Grindulu and Asemgondok 

river flows, so that can be seen to be the area prone 

to flood events [28]. 

Other topographic data used relate to the slope. 

Although the slope aspect is one of the main aspects 

of landforms, in this study, the data is distinguished 

of flood-affected areas according to the 

characteristics of the region as conducted by [40,41]. 

Furthermore, the geomorphological approach 

carried out by [42-44] is not only able to present the 

flood-affected areas spatially able to present the 

results of flood mitigation planning as well. The 

data used in these studies were obtained from 

processing the Shuttle Radar Topographic Mission 

(SRTM), geological map, Landsat 8 imagery, 

hydroclimatic, and streamflow measurements. 

Indeed, the geomorphological approach in flood 

studies cannot be separated from remote sensing 

technology. The combination between 

geomorphological approach and remote sensing can 

be conducted in a complex manner or comparing 

geomorphological elements such as slope and 

elevation. This study uses a partial 

geomorphological approach, namely identification 

of landforms and slope to test the accuracy of flood-

affected areas based on the results of Landsat 8 

imagery interpretation (Fig.3). The advantage of the 

partial approach is that the characteristics of the 

flood-affected area can be more exposed so that it 

can be the basis for further studies. 

 

3.3 Discussion 

 

Corrections to the identification of flood-

affected areas are carried out by overlapping the 

flood-affected areas drawn from NDVI 

interpretation with landform and slope maps [43]. 

The results of the intercropping show that the 

results of identification of NDVI-based flooded 

areas in Arjosari Subdistrict are quite accurate 

because the characteristics of the slopes and the 

shape of the area affected by the flood are identical 

and have characteristics prone to flooding (Table 3). 

The flood-affected area analysis can be 

conducted by using both 1D and 2D hydrological 

modeling. The details of the DEM data greatly 

affect the accuracy of the resulting model [45]. 

DEM data used in modeling are generally in the 

form of raster or Triangulated Irregular Network 

(TIN), while for simple analysis using manual 

delineation in the form of shaded relief. 

The type of data and the quality of the data will 

affect the results of the analysis conducted both 

underestimate and overestimate results [46]. DEM 

data that are ideal for flood mapping should have an 

accuracy of less than 1 meter because it can cover 

flood height differences that vary from the smallest 

interval [47]. Using a high-quality data and 

choosing an appropriate flood analysis will result in 

an accurate spatial distribution of flood-affected 

areas [48,49]. Furthermore, the use of simpler 

technology, both automatic and manual with 3D 

Analyst and Spatial Analyst tools tends to 

overestimate [46]. 

 

Table 3 Flood-affected area correction compared 

with slope and landform units 

 

Village Landform 

(slope)_ 

Mate- 

rial 

Flooded 

(ha) 

Kedungbendo 

Fluvial 

origin (0–

2, 

2–7) 

 

Alluvium

, cobble, 

pebble, 

sand, silt, 

clay, 

mud 

 

0.7 

Gayuhan 34.5 

Jatimalang 35.9 

Gembong 46.2 

Gegeran 24.6 

Tremas 17.7 

Arjosari 79.3 

Borang 46.6 

Karangrejo 3.2 

Pagutan 57.4 

Gunungsari 66.1 

Total 412.684 

 

However, the results of the analysis can still be 

considered for both academic and practical 

purposes. This study does use very simple 

technology for the analysis of flood-affected areas. 

Therefore, the correction is done not only using 

topographic data from the DEM but also using slope 

and landform data. Also, the identification of river 

flow connectivity was carried out to strengthen the 

analysis [50]. Correction using topographic data, 

especially slopes, supported by landform data in 

this study, produced a fairly good flood-affected 

area map. 

Moreover, the results of this study can be used 

as a basis for disaster mapping or risk assessment. 

Correction using slope and landform data is 

performed as a control because in this study the 

identification of flood-affected areas is only based 

on the results of NDVI analysis without using 

NDWI data. 

 

4. CONCLUSION 

 

The mapping of flood-affected areas, especially 

those triggered by Cyclone Cempaka, is important 

as a baseline so that appropriate mitigation plans 

can be put in place for future disaster events. The 

analysis result shows that all 11 villages affected by 

flooding due to extreme weather in the Arjosari sub-
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district possess characteristics that are prone to 

flooding. Based on the topographical conditions, 

the area of these villages is in the inter-hilly valley 

area that is crossed by the Grindulu River and 

Asemgondok. Moreover, the landform that 

dominates these villages is the fluvial origin that is 

identical to the flood; not to mention, another 

characteristic which is also very essential is the 

slope, it is relatively flat with a small height 

difference so it is prone to flooding. The 

identification of flood-affected areas triggered by 

Cyclone Cempaka based on NDVI data controlled 

and corrected using landform and slope data shows 

optimal results in maps. It is feasible to use because 

the identification results are not only based on 

remote-sensing data but also use data for the 

physical characteristics of the affected areas. These 

results are used as a preliminary study for the 

identification of flood hazards and analysis of flood 

risks and to estimate losses due to flood disasters in 

Pacitan Regency. 
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