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Abstract

Several geosites in the Eastern Part of the Southern Mountains of Java which are currently being mined are
important geosites because they have recorded tectonic processes in the tertiary period. However, mining
activities without environmental monitoring could be lead loss of rock outcrops and alteration of miner-
alscontained in the geosite. This study aims to monitor the vegetation index and run off in karst geosites and
gold mined hills. We used Sentinel 2A Imagery on the Google Earth Engine (GEE) to get the vegetation
index (NDVI) and run off values temporally. The Sentinel 2A data acquisition pro-cess in both 2018 and
2022 was carried out on the Google Earth Engine with specific steps consisting import data from cloud
collection, cloud masking, and customing date acquistion. The results show that there has been a decrease in
the vegetation index in the period 2018-2022 which is indicated by the decrease in the vegetation index value
in the mined area. Another impact found is that there has been an increase in the run-off value in 2022 in
both the Karst Puger Hills and the Tumpang Pitu Hills. The NDV1 pattern on mined geosites has also changed
significantly due to increasingly intense mining activities. The NDVI fluctuation pattern in the Karst Hills
in 2018-2020 ranges from 0.41 to 0.74, while in 2021-2022 the fluctuation pattern is only in the range 0.05
to 0.4, respectively. The NDVI fluctuation pattern in the Tumpang Pitu Gold Hills in 2018-2019 is in the
range 0.6 to 0.8, while in 2020-2022 it is in the range 0.38 to 0.52, respectively. Google Earth Engine is able
to map the vegeta-tion index more efficiently by using a time series approach. These advancement is different
compare to previous studies, where our study shows rapid acquisition during pre-processing, performing
NDVI with rapid temporal analysis, and shows numerous degraded land in southern java mountains. There-
fore, it can be concluded that there has been a decrease in the vegetation index and an increase in run off
which can threaten the rock outcrop on the geosite. Furthermore, this study suggest that GEE should be
considered as a main tool to identified degraded land, particularly for geosite conservation.

Keywords: Time series; NDVI; Run Off; Geosite; Google Earth Engine.

1. Introduction

Based on its tectonic setting, the eastern part of the Java Southern Mountains consists of various
lithologies which are influenced by subduction and collision. During the early Cretaceous, this
area was influenced by the collision between Eurasia and the East Java Micro Continent (Sapiie,
2017), in the middle part it was influenced by Quaternary volcanism (Utami et al., 2019); and in
the north there is a regression-transgression process (Lunt, 2019). During the Late Cretaceous to
the Quaternary, this area was more influenced by subduction both during the Tertiary period
which formed ancient volcanoes (Smyth et al., 2008) and also during the Quaternary which
formed Quaternary volcanoes (Aiuppa et al., 2015; Nakada et al., 2019). When compared to other
regions, the eastern part of the southern mountains of Java is unique because it is influenced by
the existence of the east java micro continent which is rifting from North Australia. East java
micro continent is a part of Australia Continental Crust that rifted to Indonesian Island and it
subducting to sundaland (Smyth et al., 2007).

Based on tectonic evolution, the southern mountains of Java produce uplift processes in 2 cycles.
In the first cycle it was able to lift metamorphic rocks in Bayat (Satyana, 2014) and in the second
cycle it was able to lift limestone along the South East Java Coast (Lupi et al., 2022; Negara et
al., 2021). The gold contained in the Tumpang Pitu Hills Geosite is the result of collision which
in this process involved the old micro continent from North Australia which carried gold in the
Cretaceous period, while the puger karst hills were the result of uplift due to subduction in the
tertiary to quarterly periods. Li et al. (2022) also stated that in SW Borneo there are zircon and
east java microcontinent movements originating from orogenic belts and cratons in northwestern
and central Australia. In addition, Wu et al. (2019) stated that the mineralization materials of the
Ciemas gold deposit originate from ancient continental crust.

Several studies related to the impact of mining in geopark areas show that poor mining manage-
ment results in hydrological disasters (Briggs et al., 2021); social conflict (Libassi, 2022; Tang &
Liang, 2022); and damage to geodiversity (Muslim et al., 2022; Portal, 2018). Therefore, several
studies have used GIS to address problems in geopark areas, including GIS databases for
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geodiversity inventories (Santos et al., 2022; Othman et al., 2020; Luo, 2015), and GIS for geo-
park protection. from environmental damage (Ballesteros et al., 2022; Leman et al., 2016).

GEE has been used to map biophysical aspects of the earth's surface, including the integration of
RUSLE-GEE to map erosion (Demir & Dursun, 2024), the use of sentinel 2 in GEE with NDVI
analysis to map burned areas (Demir, 2023), and comparing them to MODIS which is included in
GEE (Demir & Dursun, 2023). On erosion maps, GEE is effective for identifying average soil
loss using a watershed approach. Furthermore, GEE has also been able to map burned areas ra-
pidly both with a optical data such as Sentinel 2 as well as by integration with MODIS data.
However, the context of this study focuses more on aspects of land cover change and land reha-
bilitation, so that studies related to land degradation in geosite areas are still not widely studied.

Apart from that, remote sensing has also been used in geopark areas to map geological structures
related to disasters (Fu et al., 2021); geopark potential development (Yongli & Weihong, 2017;
Hoang et al., 2016; Ummah et al., 2018); and land use mapping in geopark areas (Shui & Xu,
2016; Avelar & Tokarczyk, 2014). These studies focus on disaster risk reduction and natural re-
source inventory. However, there are remain limited studies that focus on preserving geosites
using the Google Earth Engine. The Tumpang Pitu Hills geosite has a very high scientific value
because rock outcrops with gold alteration were found and its an evidence from deformation pro-
cess since creatceous perioed in east java both collision process in cretaceaous and subduction
process during tertiary until quaternary period. This study used the Google Earth Engine to mea-
sure the vegetation index and run off on the mined geosite. Therefore, this study aims to monitor
the vegetation index and run off in karst geosites and gold mined hills.

2. Research Methods
2.1 Study Area

The eastern part of the southern mountains of Java was chosen because it has a very unique geodi-
versity and landscape. The diversity of geosites in this region is not only related to one tectonic
process or volcanism, but rather a combination of several tectonic and volcanic processes and
their very complex evolution. In general, the eastern part of the Java Southern Mountains is part
of an ancient volcano and related to the geosite, this area has several outcrops that record tectonic
evolution in the Cretaceous and Tertiary periods.
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Figure 1. A. Study area in Pesanggaran, Banyuwangi; B. Study area in Puger, Jember; C. Mining area in
Karst Hill, Puger, Jember; D. Gold mining area in Tumpangpitu Hill, Pesanggaran.
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The study employed in East Java and is administratively included in Jember and Banyuwangi
Regencies. This area has a tropical climate with hot and rainy seasons, with an average tempera-
ture of 28.2 C and an annual rainfall of 2808.4 mm. Elevation ranges from £2 — 3300 masl based
on 30 m Digital Elevation Model.

2.2. Data Acquisition

Sentinel 2A and MODIS data for 2018 and 2022 are used in this study due to sentinel 2 could be
accessed by Google Earth Engine since 2018. Google Earth Engine was able to manage geospatial
data rapidly and process it in one platform (Gorelick et al., 2017). In terms of monitoring mine
areas, we use the capabilities of Earth Engine including Sentinel 2A and MODIS image archives.
The work of the Google Earth Engine used is a combination of the availability of satellite imagery
and photo programming algorithms that are applied in monitoring mine land.

2.3 NDVI and Run Off Time Series Analysis

Vegetation index is a crucial data, representing sustainable development and natural resources
management. These data were used not only for scientific purposes, however also thes used for
another purposes, including collection of forest products, land use, water management, soil pro-
tection, analysis disaster, mining and so on (Julianto et al., 2020). According to Kuchler, (1967)
the landscape process are depent on vegetation pattern and density. In general, surface temperature
was related to vegetation density, representing interaction between environmental conditions and
climate (Dede et al., 2019). NDVI is one of the parameters used to analyze conditions vegetation
of an area. The NDVI considering relation between plants and radiation in the visible region of
the spectrum, then the near infrared region also related to green plants at the surfaces. The NDVI
calculation is as follows (Muzaky & Jaelani, 2019; Zhang et al., 2017).

Sobrino et al. (2004) stated that the NDVI classification is divided becomes 3, namely (a) NDVI
< 0.2 in this case, pixels are representing a bare land. Secondly, (b) NDVI > 0.5, i.e. pixels with
an NDVI value higher than 0.5 are representing fully vegetated. Then (¢) 0.2 < NDVI < 0.5, in
this case, this pixel shows moderate condition. These classification reflecting calculated from a
normalized transform of the NIR and red reflectance ratio, meanwhile the median value with a
pixel which had the minimum cloudiness (Chen et al., 2004; Hu et al., 2018). In this study we
also used MODIS to add rainfall and run off parameters. We classified NDVI and MODIS by
using code at Google Earth Engine Platform at the following url : geescript. A visual
representation of the methodological steps could be seen at Figure 2.
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Figure 2. Research Framework
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3. Results
3.1. NDVI Time Series

Figures 3A and 3B show a change in land cover from vegetation to bare land due to limestone
mining within 4 years (2018-2022). Bare land increased significantly in the eastern part of the
Puger karst hill with a low Vegetation index value (close to -1) and some others were found in the
western part of the hill. The highest Vegetation index value is found in the middle of the hill with
a value close to 1 because it has not been mined. Figures 4C and 4D show that in the middle of
the Tumpang Pitu hill, there is additional vacant land with lower Vegetation index values over a
period of 4 years (2018-2022). Figure 4D shows that some parts of the Tumpang Pitu hill have a
very light color indicating a very low Vegetation index value. The color gradation also indicates
a mining process, where a bright color means that mining has taken place intensively.
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Figure 3. A. NDVI Map at Karst Hill (2018), B. NDVI Map at Karst Hill (2022), C. NDVI Map at Tumpang
Pitu Hills (2018), D. NDVI Map at Tumpang Pitu Hills (2022).
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Figure 4A shows that in the 2019 Puger geosite most of the pixels are in the pixel value range of 0.41 to
0.74, which has a fairly high vegetation density. However in 2022 (Figure 4B) there has been a change in
pixel values in the range of 0.05 to 0.4. This change indicates that there has been an expansion of mining or
deeper dredging of the limestone hills. Figure 4C shows the Tumpang Pitu Hill geosite in 2019, most of the
areas have pixel values in the range of 0.6 to 0.8 which indicates that most areas have dense vegetation.
However Figure 4D shows that in 2022, pixel values with most areas in the range of 0.38 to 0.52 which
means there has been a decrease in vegetation density. In addition, another important finding in Figure 4D
is that there is an decrease in pixel values in some other areas which are included in the category of low
vegetation density (below 0), its indicated by a range of -0.01 in 2019 to -0.17 in 2022 which indicates that
reforestation indicating deforestation at this area.
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Figure 4. A. Pixel value at Karst Hill (2019), B. Pixel value at Karst Hill (2022), C. Pixel value at Tumpang
Pitu Hill (2019), D. Pixel value at Tumpang Pitu Hill (2022)
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NDVI

Figure 5A shows that changes in the Vegetation index in the Puger karst hills occurred signifi-
cantly in 2021. This indicates that in the 2021-2022 period there has been very intensive limestone
mining. Another finding in Figure 5A is that there is a difference in the fluctuation pattern indi-
cated by the fluctuation pattern between 0.2 to 0.6 in 2018-2020, whereas in 2021-2022 the fluc-
tuation pattern is only in the range of 0.0 - 0.2. Figure 5B shows that there has been a significant
change in the Vegetation index in the 2019-2020 range. This indicates that gold mining has been
taking place very intensively as indicated by a decrease in the value of the Vegetation index from
0.8 to 0.1. Another finding in Figure 5B is that there has been a change in the fluctuation pattern,
which in 2017-2019 was in the range 0.6 - 0.8, while in 2020-2022 it was in the range 0.0 - 0.1.
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Figure 5. A. NDVI Time Series at Karst Hill , B. NDVI Time Series at Tumpang Pitu Hill

3.2 Run Off Time Series

Figures 5A and 5B show that there are differences in run-off with the same rainfall conditions
caused by changes in the Vegetation index value from Dense to tenuous. This is influenced by the
decreased soil infiltration capacity due to changes in vegetation land cover to vacant land. Further-
more, this increase in vacant land will also have an impact on the loss of outcrops of limestone,
volcanic rock, and clastic sedimentary rock that should form stratigraphy. Figures 5C and 5D
show that under the same rainfall conditions, the run off in 2019 and 2022 shows the same value.
This was caused by reforestation carried out by miners on some land with a low Vegetation index
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replace some rock outcrops along with mineral alteration in this geosite. This run-off control can
reduce environmental impacts such as floods and droughts, but cannot.
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Figure 6. A. Run off at Karst Hill (2019), B. Run off at Karst Hill (2022), C. Run off at Tumpang Pitu Hill
(2019), D. Run off at Tumpang Pitu Hill (2022).

4. Discussion

Our findings show both spatial and temporal data could improve monitoring methods towards
several geosites in Karst Hill, Puger Jember as well as in Tumpang Pitu Hill Banyuwangi. In
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addition, whole process could be done rapidly due to whole data and these acquisition has been
developed by the Google Earth Engine (GEE). Therefore, our finding contribute towards monito-
ring geodiversity in Eastern Pasrt of Southern Java Mountain, particularly to support survey
methods that requires numerous resources. The findings in this study are supported by research
by Lei et al. (2016) and Tian et al. (2013) which stated that MODIS-NDV!1 is able to detect the

impact of mining activities temporally and is able to relate it to rainfall. Yang et al. (2022); Fabre
et al. (2020) were able to create clusters of vegetation indexes in mining areas with an accuracy
of 79% using unsupervised NDVI time series monitoring. GEE with Sentinel 2A is able to effi-
ciently map mining impacts at a more detailed spatial resolution. In the context of coastal areas
of Southern Java, the findings of this study are able to better detect changes in the vegetation
index on overlapping hills more quickly. This is supported by the research of Sunarta & Saifulloh
(2020) which shows that NDVI in GEE is able to detect changes in the vegetation index within 5
years.

A decrease in the vegetation index in both the Puger Karst Hills and the Tumpang Pitu Hills can
cause changes in the landscape and temperature in the area around this geosite. This is supported
by the research of Singh et al. (2021) which states that a geosite must be able to provide comfort
to visitors and learn about the geosite. In addition, the decrease in the vegetation index will also
reduce the potential for both geosites to become global geoheritage which is in accordance with
the study of Shrestha et al. (2021) which shows that NDVI is able to detect that animal diversity
has a high correlation with a high vegetation index. In general, our finding shows significant con-
tribution towards rapid mapping in mining areas, however several limitations such as type of mi-
neral rocks as well as detail of ground deformation due to mining activities should be addressed
using another imagery or machine learning algoritm.

This finding related to study from Sun et al. (2022) which showed that a decrease in the vegetation
index will have an impact on topographic changes and also cause drought. Vegetation index fluc-
tuations in both the Puger Karst Hills and the Tumpang Pitu Gold Hills can be monitored within
2-4 years. Juanda et al. (2021) stated that the vegetation index in the tropics can be monitored
with sentinel 2A within 4 years. In contrast, Kimijima et al. (2021) found changes in the vege-
tation index in gold mines over 11 years (2011-2020) using Landsat. Therefore the use of sentinel
2 with GEE in this study was able to detect changes in the vegetation index in more detail and
quickly.

Land cover mapping in mining areas is very important because it is able to map environmental
changes more efficiently. This finding is supported by research by Jankowski et al. (2020) which
states that land cover mapping in geopark areas can be done efficiently with multicriteria analysis.
In addition, the results of research by Ahmadi et al. (2022) states that the grid-fuzzy method is
able to map the distribution and vulnerability of geosite damage due to human activities. The re-
duction in the area of vegetation around the Tumpang Pitu hill has occurred within 7 years and
some areas have not been properly rehabilitated as indicated by the increasing area of vacant land
and the presence of standing water around the vacant land. Land cover in 2022 will potentially
increase surface runoff and reduce soil nutrients. This finding is supported by the results of Scarsi
et al. (2019); Reverte et al. (2020) which states that environmental changes occur very quickly in
areas with high geodiversity.

Reduced vegetation due to gold mining on Mount Tumpang Pitu needs attention from stake-
holders because it is part of a very rare geodiversity in Indonesia. This finding is supported by the
research of Herrera-Franco et al. (2022); Jia et al. (2023); and Nazarudin (2017) which stated that
the presence of mining in surrounding areas with high geodiversity needs to be monitored so that
it does not have an impact on the occurrence of disasters and community empowerment is needed
to participate in maintaining geodiversity. In addition stated that monitoring of the Ciletuh Geo-
park has succeeded in detecting changes in land use from agricultural land to housing for tourism
purposes. This is related to the landscape in the geopark area which has the potential to be used
as a tourism area. Kariuki et al. (2021) found that agricultural and urban expansion occurred in
the geopark area in northern Tanzania.

4. Conclusion

Changes in the vegetation index have been monitored more efficiently through the NDVI and
MODIS time series with the Google Earth Engine. There is a decrease in vegetation density as
indicated by a decrease in the value of the vegetation index. The vegetation index pattern also
underwent significant changes after 2021 in the Karst Puger Hills and after 2020 in the Tumpang
Pitu Hills. An increase in run off was found in both geosites which also indicated a decrease in
the outcrop which is evidence of the tectonic evolution of the Cretaceous to the Quaternary in the
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Southern Mountains of Java. This study show several implications, particularly regarding water
quality due to mining activities, therefore these issues could be addressed by the future studies. In
addition, involving another hyperspectral remote sensing or multi-sensor data could be beneficial
to identify surfaces areas including mineral type and ground deformation in mining areas and its
surrounding.
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