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1. Introduction 
Increased human activities lead to the potential for landscape 
degradation (Tarolli and Sofia, 2016). Research using the 
Digital Elevation Model (DEM) in geomorphology has been 
carried out by several previous researchers. The results of the 
research of O’Loughlin et al. (2016) show that the use of 
DEM by reducing the error rate can be used to detect 
vegetation patterns and their relationship to flood modeling.  
Boulton and Stokes (2018) found that DEM with a resolution 
of 12 m can analyze drainage networks and regional 
geomorphological analysis. Meanwhile, Garosi et al. (2018) 
found that the optimal pixel is 10 m for several algorithm 
models used to identify gully erosion. 
 
Digital Soil Mapping can analyze the physical and chemical 
characteristics of the soil with good accuracy (Mosleh et al., 
2016). Remote sensing and GIS are effective tools for 
analyzing morphometry, basin drainage, and geological 
structures by taking into account the indicators of sediment 

yield, landmass, and elevations (Kaliraj et al., 2015; Zwaan 
et al., 2020; Inzana et al., 2003). Remote sensing using 
Google Earth can analyze the characteristics of several 
landforms such as coastal and glacial including the erosion 
process (Boardman, 2016). LULC analysis needs to consider 
aspects related to vegetation such as evapotranspiration, 
groundwater, and surface runoff (Setyorini et al., 2017).  
 
OBIA with a spatial resolution of 30 m can help improve the 
quality of land use management (Alqurashi et al., 2016). The 
integration of OBIA with Markov chain (MC) and Cellular 
Automata (CA) modeling results in a better understanding of 
past, present, and future land cover changes (Gilani et al., 
2015; Guan et al., 2011; Naboureh et al., 2017). OBIA is 
better than per pixel classifiers in analyzing urban land cover 
(Myint et al., 2011). 
 
Several studies related to landscape evolution in Indonesia 
have been carried out with a focus on lithology. Some of the 
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Mapping of vegetation and other land cover is very important for monitoring the 
development of land use change and regional planning. However, mapping that focuses 
on differences in landform characteristics is still very limited. This study aims to analyze
the pattern of vegetation distribution in karst, volcanic, and fold landforms. NDVI was 
used to analyze the distribution of vegetation in several landforms, while MODIS data 
was used to analyze the intensity and fluctuation of run off in the study area. This study 
used Sentinel 2 imagery as a data source with a spatial resolution of 10 meters and a 
temporal resolution of 16-30 days. The results show that there is a different pattern of 
vegetation distribution in conical hills (holokarst), quaternary volcanic hills, and fold 
hills. In karst landforms, vegetation is spread out following the distribution of conical 
hills. In the folded hills, the vegetation is spread in the direction of the anticline axis 
distribution, while the vegetation is evenly distributed in the volcanic hills with high 
vegetation density. Differences in the distribution of vegetation also have an impact on 
differences in surface run off for the three landforms. The distribution of vegetation in 
several landforms can efficiently be identified using the vegetation index and sentinel 2 
because of the wider area coverage, so that it can affect regional environmental 
management. 
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results of these studies include sedimentary basins related to 
diapirs formed during the Cambrian period influenced by the 
presence of folds and the shallow marine depositional 
environment (Hearon et al., 2015). The diapir in East Java is 
evidenced by a mud volcano (Lumpur Sidoarjo/Lusi) with a 
characteristic depth of methane 1800 m - 3200 m (Collignon 
et al., 2018). Kendeng Mountains in Java Island have low 
velocity with surface geological features (Zulfakriza et al., 
2014). 
 
The Northeast Java Basin was formed by a deposition 
process in a shallow marine environment indicated by 
foraminifera-rich mudstones (Berghuis et al., 2019). The 
Northeast Java Basin was formed by various lithologies 
influenced by faults and subsurface volcanic activity 
(Nurhandoko et al., 2019). East Java is part of Sundaland 
with the same character as Borneo (Kalimantan) Island as a 
result of continental drifting (Metcalfe, 2017). The mud 
volcano in East Java (Lusi) is also affected by strike-slip 
faulting, fault escarpment, river deviation and railroad as 
evidence of the existence of the Watukosek fault system 
(Obermann et al., 2018). 
 
Previous studies related to the relationship between 
vegetation distribution and landscapes have been carried out 
by several researchers. The results of these studies include: 
hydrogeo-geomorphological aspects are indicators in seeing 
differences in vegetation distribution (Urgeghe et al., 2021). 
Vegetation mapping with high spatial resolution and 
increasing temporal resolution every month is able to detect 
fluvial land changes (Pu et al., 2021). The Disaster 
Vegetation Damage Index has an association with crop yield 
loss by considering the flood inundation extents parameter 
(Rahman et al., 2021). Spatial distribution of plants on 
floodplains is influenced by flood stress by considering water 
level parameters (Martinez and le Toan, 2007). Time-series 
of multiple indices can improve analysis of flood dynamics 
by utilizing daily MODIS (Mohammadi et al., 2017).  
 
Vegetation composition can be predicted with high accuracy 
by utilizing the multi-season Sentinel-2 imagery (Macintyre 
et al., 2020). Vegetation distribution is influenced by 
elevation by considering soil water index and elevation 
factors (Casalini et al., 2019; Gregory et al., 2019; Larsen, 
2019). Decreasing of vegetation density at the watershed has 
been detected by using Landsat 8 with NDVI (Putera et al., 
2019). ASTER Imagery data has detected tree canopy cover 
by using MSAVI (Anurogo et al., 2018). 
 
A few researchers focused on the relationship between 
landforms and vegetation distribution patterns. There have 
been limited studies concerned with the comparison of 3 
landforms by considering the aspect of the vegetation 
distribution pattern. Therefore, this research intends to 
compare the pattern of vegetation distribution on volcanic 
landforms, folds landform, and karst landform in tropical 
regions. This comparison is very important due to folded 
landforms with interspersed rock lithology, tertiary 
sedimentary rocks have flood susceptibility, particularly in 
tropical areas. Therefore, this study aims to map the pattern 
and distribution of vegetation based on the characteristics of 
the landforms. 

2. Methods 
2.1. Study Area 
This study is located in the eastern part of Java Island by 
taking 3 samples of the area purposively with consideration 
of differences in morphography and morphogenesis of 
landforms. The sample area taken consisted of folded hills, 
conical hills on holokarst landscapes, and volcanic hills. 
 
2.2. Image Processing 
This study used sentinel 2 imagery with a spatial resolution 
of 10 meters, 12-bit radiometric resolution, and a temporal 
resolution of 15-30 days. Data recording time starts from 
February 2021 to April 2022. Atmospheric correction is used 
to get better recording results (Nazeer et al., 2014). Google 
Earth Engine is used to process sentinel 2 imagery which 
includes filtering with minimum cloud cover, mosaic, 
composite, image enhancement and clipping. This study uses 
channels 2, 3, 4, 5, 6, 7, 8, 8A, 11 and 12 (Blue, Green, Red, 
Red Edge 1 - 4, NIR, SWIR – 2). This study also used sentinel 
1 to determine the morphology. 
 
2.3. Data Analysis 
To analyze the vegetation density, sentinel 2 imagery with 
the NDVI method was used. Areas with dense vegetation 
will be indicated in light green, while areas with low 
vegetation density will be indicated in lighter colors. A low 
NDVI value indicates vegetation with moisture stress and a 
higher value indicates a higher vegetation density. This 
identification is also used for drought early warning 
(Wardlow and Egbert, 2010). Furthermore, MODIS satellite 
data is used to analyze the runoff and precipitation 
distribution. The analyzed areas include folded hilly 
landscapes, karst landscapes, and volcanic landscapes in 
eastern Java. 
 
3. Results and Discussion  
The vegetation index in East Java shows the difference 
between the north coast and the south coast (Fig. 1A). The 
North coast has a brighter color which indicates a low density 
of vegetation, whereas the central and southern areas have a 
clearer green color because they have denser vegetation. On 
the North coast, the sediment supply is partly derived from 
shallow marine deposition as indicated by the presence of 
tertiary sedimentary rock stratigraphy, while in the central 
and southern regions the basic relief stratigraphy is strongly 
influenced by volcanic landscapes. 
 
Fig. 1B shows the existence of different vegetation 
distribution patterns based on the vegetation index; in the 
hills the vegetation folds spread following the anticline 
direction. In volcanic landforms, the vegetation is very dense, 
which also indicates the presence of well-developed and 
evenly distributed volcanic soil (Fig. 1D). In the conical karst 
hills landscape, it is seen that the distribution of vegetation 
follows the distribution of conical karst hills (Fig. 1C).  
 
Whereas in karst valleys the vegetation density is lower 
because in this area there are many sinkholes which are 
places for underground river recharge. In this valley area, 
there is also a lot of surface runoff that cannot be absorbed 
optimally because the dominant soil in this area is 
Mediterranean soil resulting from weathering of limestone. 
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Fig. 3A shows that the folded hilly landforms have a fairly 
high runoff due to the characteristics of the soil which is the 
result of pedogenesis from bedrock. Meanwhile, the karst 
landscape has the lowest run-off due to the large number of 
sinkholes and underground rivers (Fig. 3B). Regions with 
volcanic landforms have the highest runoff due to higher 
rainfall (Fig. 3C). 
 
The comparison between holokarst hills (Fig. 4A), folded 
hills (Fig. 4B), and volcanic hills (Fig. 4C) shows that there is 
a pattern of vegetation distribution based on landform. The 
distribution and pattern of vegetation in the holokarst follows 
the karst cone (Fig. 4A). The soil profile of the holokarst is 
not thick with low surface water supply, causing no 

vegetation to be found in the valleys around the karst cone. 
Surface water in the holokarst landform is very low due to 
the presence of sinkholes that change the direction of the 
surface river flow into an underground river. In holokarst 
hills, the soil is formed by weathering of carbonate rocks that 
are below the surface. Holokarst formed in the fore-arc basin 
with high tectonic intensity, thus forming many sinkholes 
and extensive underground river systems (Fig. 4A). With thin 
soil, this area is unable to produce sufficient organic matter 
and nutrients for plants, resulting in uneven distribution of 
vegetation. In the fore-arc region with high tectonic intensity, 
a transgressive facies system is found with the stratigraphic 
sequence of carbonate rock is very dominant at the top and 
then followed by volcanic rock. 

 
 
 

 

 
 

Fig. 1. (A) Vegetation density of East Java, (B) Vegetation density and pattern of fold hills, (C) Vegetation density and pattern of conical (holokarst) hills and 
(D) Vegetation density of quaternary volcanic hills 
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Fig. 2. (A) Run off distribution of East Java, (B) Run off distribution of fold hills, (C) Run off distribution of conical (holokarst) hills and (D) Run off 
distribution of quaternary volcanic hills 

 
 
 

In the folded hills (Fig. 5), it can be seen that the distribution 
of vegetation follows the direction of the longitudinal and 
circular folds. Circular hills show a plunging anticline formed 
by a combination of tertiary sedimentary rock lithology (Fig. 
5b).  
 
On the lower hillside, less vegetation can be seen due to the 
different types of tertiary sedimentary rocks. The influence of 
volcanism on the folded hills is very low due to its location in 
the back-arc basin with a radius far from subduction and 
quarter arc volcanoes (Fig. 5).  

This alternation of tertiary sedimentary rocks is different 
from that which occurs with lithology in front of the arc. In 
the anticline hills, carbonate rocks are not dominant because 
they are interspersed with other tertiary sedimentary rocks. 
The characteristics of the alternation are following an 
anticlinorium pattern with the character of old rocks being 
exposed on the surface due to the influence of anticline.  
 
In addition, the interstitial age of tertiary sedimentary rocks 
is included in the age that produces soil types with low 
quality. Field findings also show that in this area there are 



F. A. Kurnianto et al. International Journal of Earth Sciences Knowledge and Applications (2023) 5 (2) 227-236

 

231 
 

many fossils from shallow seas in the tertiary period which 
indicate this anticline hill area is a shallow sea behind the arc 
with low tectonic intensity. 
 
Fig. 6 shows that the distribution of vegetation on the 
volcanic hills is very flat and can be found in all parts of the 

hills. This is because the volcanic hills area is composed of 
quaternary volcanic rock lithology which has the ability to 
form volcanic soil with very thick characteristics and has high 
organic matter (Fig. 6c). The closer distance to subduction 
causes eruptions to still occur and also affects the intensity of 
soil rejuvenation in all parts of the quarter volcanic hills.  

 
 
 

 

 

 
 

Fig. 3. (A) Run off and rainfall of fold hills, (B) Run off and rainfall of conical (holokarst) hills and (C) Run off distribustion of quaternary volcanic hills 
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Fig. 4. A) holokarst hills, B) folded hills and C) volcanic hills by google earth 
 
 
 

Low vegetation density is related to the tectonic evolution of 
coastal areas. In areas with tertiary sedimentary rock 
lithology with transgressive facies type, a relationship has 
been found between the presence of a very wide limestone 
lithology interspersed with sandstone and silt of tertiary age. 
This combination causes the low ability of the soil in the 

infiltration process in the fold hills behind the arc. The soil 
that is formed does not have a texture balance, mainly due to 
the presence of carbonate rocks which have very low 
infiltration capabilities. In the folded hilly area with 
carbonate rocks with a mesokarst system, the secondary 
porosity is not formed perfectly.  

 
 
 

 
 

Fig. 5. A) topography map of fold hills, B) fold hills by Sentinel-1 and C) fold hills by google earth 
 
 
 

 
 

Fig. 6. A) topography map of volcanic hills, B) volcanic hills by Sentinel-1 and C) volcanic hills by google earth 
 
 
 

This is different when compared to carbonated rocks in front 
of the arc which develop secondary porosity (allogenic and 
autogenic system). In the coastal areas of northern Java, 
eastern Sumatra, the coast in Kalimantan will have 
deposition formed by sediments (sandstone, siltstone, 
claystone). This has an impact on the ease with which the 
beach is eroded with a shoreline that is easy to shift. This will 

certainly disrupt the ecosystem around the coast which is 
very rich in various kinds of biota. 
 
The sedimentary rock is a representation of the high intensity 
of deposition which generally takes place starting in the 
tertiary period. The north coast of East Java (Folds Region) 
is one clear example of sediment accumulation in the tertiary 
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era (Figs. 7a and 7e). The composite image of Sentinel-2 (Fig. 
7) shows a significant difference between volcanic landforms 
and folds.  In the fold’s landform, run off and intensive delta 

formation are found. This is evidenced by the number of 
watersheds in the northern part of East Java which are 
influenced by the folding process.   

 
 
 

 
Fig. 7. a) Fold hills by Sentinel-2 Composite, b) Fold hills by google earth, c) Volcanic hills by Sentinel-2 Composite, d) Volcanic hills by Google earth, e) 
Alluvial at back arc basin by Sentinel-2 Composite, f) d) Alluvial at back arc basin by Google earth, g) Alluvial at front arc basin by Sentinel-2 Composite 
and h) Alluvial at front arc basin by Google Earth 
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On the other hand, the south coast of East Java is evidence 
of a very intensive fault given the proximity to the subduction 
zone. This causes a steep coastal landscape with many cliffs 
and has a narrower river morphometry than the river in the 
north, as a result of which less sediment material is carried to 
the coast than on the north coast of Java. The northern coast 
of Java and eastern Kalimantan produce large deltaic 
landforms, while the southern coast of Java is very rare to 
find large deltas. The sediment that has accumulated on the 
northern coast of Java is much larger because it is carried by 
rivers with wide channels that pass-through rocks that are not 
resistant to erosion.  
 
In the watershed system, these large rivers will form a lot of 
meanders and a lot of floodplains given the high lateral 
erosion. Thus, the material carried to the coast is very large. 
There is a congruence and strong relationship between 
vegetation distribution patterns and landform characteristics. 
This can reduce bias in sampling and test accuracy in remote 
sensing image processing. Weaknesses in the image accuracy 
test in analyzing land in previous studies only considered 
pixel values without paying attention to geological 
conditions and landforms. The results of this study are 
different from previous studies, among others: A study on 
land cover using a comparison algorithm has been carried out 
by Adam et al. (2014) and Ghosh and Joshi (2014) showed 
similar classification results for SVM and RF.  
 
Other research results by other research results by Khatami 
et al. (2016) found that SVM, kNN, and RF have better 
accuracy than other algorithms. Meanwhile Meanwhile, 
Heydari and Mountrakis (2018) compared 5 classification 
algorithms and found that SVM and KNN are the best 
classifications. In the identification of landforms, the 
algorithm cannot measure tectonic evolution and other 
characteristics such as associations with lithology, tectonic 
elements, and land potential in full. Therefore, the results of 
this study can complement the findings of previous studies, 
especially in geomorphological and vegetation mapping. 
 
Important findings in our study also relate to the 
management of natural resources, especially vegetation. Our 
research findings indicate that areas with low density 
vegetation patterns are strongly influenced by back-arc 
tectonic elements. Therefore, a region like this couldn't be 
utilized in the same way as the arc's front region. Meanwhile, 
land cover mapping in previous studies only focused on 
calculating the general area of vegetation which could cause 
errors in detecting soil thickness and the ability of the soil to 
respond to water. This error will result in a very high risk of 
natural disasters.  
 
Some of these previous studies include: The integration of 
optical and radar sensors using crowdsourced ground truth 
data has been carried out by (Wang et al., 2020) to identify 
rice and cotton crops in India, while Slagter et al. (2020) 
mapped wetlands in South Africa. Orynbaikyzy et al. (2019) 
found improved plant classification results in northern 
Germany by combining radar and optical data. The 
integration of Sentinel-2 with PlanetScope was carried out by 
Mercier et al. (2019) in Paragominas (Brazil) and Gašparović 

and Jogun (2018) for mapping and monitoring vegetation 
with findings that there is an increase in classification results. 
 
4. Conclusion 
The distribution pattern of vegetation in several landforms 
has different characteristics caused by tectonic elements and 
soil characteristics. The distribution of vegetation in the 
folded hills follows the direction of the anticline axis with 
high surface run off due to the pedogenesis of tertiary 
sedimentary rocks. The distribution of vegetation in the karst 
landscape follows the distribution of conical hills with low 
surface run off values due to the development of underground 
rivers, while volcanic hills have the highest vegetation index 
values with high run off due to rainfall intensity. 
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