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Abstract. Land cover change is a global phenomenon triggered by human activities, including 
mining, which has significant impacts on the environment and ecosystems. In Indonesia, 
particularly on Halmahera Island, nickel mining has become one of the main economic sectors, but 
this activity often results in serious environmental degradation. The data used in this study is 
PlanetScope satellite image data for 2016, 2020 and 2024 which has a 3-meter spatial resolution. 
The image data was then interpreted and digitized to obtain land cover classes consisting of 
settlements, farming areas, vegetation and water bodies. The validation results of land cover in 
2016, 2020, and 2024 obtained accuracy values of 92%, 90%, and 95%, respectively. In 2016, 
settlements had an area of 222.79 ha, mining area of 364.98 ha, vegetation of 52,938.88 ha, water 
body of 212.88 ha. In 2020, settlements were 343.92 ha, mining areas were 1,329.18 ha, vegetation 
was 51,853.55 ha, water bodies were 212.88 ha. In 2024, settlements are 563.92 ha, mining area is 
4,498.32 ha, vegetation is 48,464.41 ha and water bodies are 212.88 ha. The mining area certainly 
continues to increase in area every year. 
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1. Introduction 

Land cover change is a global phenomenon triggered by human activities, 

including mining, which has significant impacts on the environment and ecosystems 

(Madasa et al., 2021;  Chang et al., 2021). In Indonesia, particularly on Halmahera 

Island, nickel mining has become one of the main economic sectors, but this activity 

often results in serious environmental degradation (Kurniawan et al., 2024). Weda 

Tengah sub-district, as one of the areas with the largest nickel reserves, is 

experiencing rapid land transformation due to mining expansion (Nasution et al., 

2024). Detecting land cover change in this region is important for understanding 

environmental dynamics and formulating sustainable management policies 

(Salakory & Rakuasa, 2022; Rakuasa et al., 2023). 
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Satellite imagery has become an effective tool for monitoring land cover 

change accurately and continuously (Gbedzi et al., 2022; Rakuasa, 2025). 

PlanetScope, with its high spatial resolution and daily recording frequency, offers 

excellent capabilities in monitoring small-scale land changes such as in mining areas 

(Basheer et al., 2024). The use of this satellite imagery enables the identification of 

temporal and spatial land changes with high precision, which can support the 

analysis of environmental impacts of mining activities. Previous studies have proven 

the effectiveness of PlanetScope in monitoring land change in various contexts, 

including mining areas (Pacheco et al., 2025; Szostak et al., 2021). 

Nickel mining activities in Central Weda Sub-district have led to forest 

fragmentation and loss of biodiversity, impacting local ecosystems. Rapid land cover 

change also affects groundwater availability and increases the risk of erosion 

(Senamaw et al., 2022). Using PlanetScope satellite imagery, this study aims to 

identify land change patterns and quantify the level of environmental degradation 

occurring.   

 

 
Figure 1. Research Location: Weda Tengah Sub-district, Indonesia 
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In addition to environmental impacts, land cover change also has socio-

economic implications for local communities (Yu et al., 2024). Communities around 

mining areas often depend on natural resources for their livelihoods, so drastic land 

changes can threaten their sustainability. By mapping land cover change, this 

research also aims to identify critical areas that require policy intervention to protect 

the rights of local communities. This approach is in line with sustainable 

development principles that emphasize a balance between economic growth and 

environmental preservation. 

This research is expected to make a significant scientific contribution to the 

field of remote sensing and environmental management, particularly in mining 

areas. By utilizing the latest technology such as PlanetScope satellite imagery, this 

research offers an innovative and accurate method for monitoring land change. The 

results of this research can also serve as a reference for the government and other 

stakeholders in formulating sustainable land management policies. As such, this 

research is not only academically relevant but also has broad practical implications 

for sustainable development in Indonesia. 

 

2. Methods 

This research was conducted in Weda Tengah sub-district, Central 

Halmaherea district, North Maluku province, Indonesia (Figure 1). Weda Tengah 

sub-district has an area of 53,739.53 ha. This research began with a preparatory stage 

containing literature studies from books, journals, or from the internet. The literature 

study was conducted to understand the basic theories related to the physical 

development of the city. After the preparation stage, the next stage is data collection. 

The data used in this research is PlanetScope satellite image data for 2016, 2020, and 

2024. PlanetScope is a satellite image product recorded by a mini-sized satellite 

called Dove, which is owned and operated by an American company, Planet 

(Szostak et al., 2021). 

 

 
Figure 2. PlanetScope Satellite Imagery Data 2016, 2020, 2024 

 

PlanetScope satellite imagery has an original spatial resolution of between 3.0 

meters and 4.1 meters for images recorded by the Dove Classic and Dove-R satellite 

instrument types, while for SuperDove it starts from an original spatial resolution of 

3.7 meters (depending on the recording angle), but for sales purposes, currently all 
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original PlanetScope satellite image data provided to customers has a spatial 

resolution class of 3 meters as for spectral resolution, PlanetScope satellite imagery 

produced from the recording of the Dove Classic and Dove-R satellite instrument 

types has a total of 4 bands (Red, Green, Blue, and Near InfraRed), while the 

SuperDove satellite instrument type has 8 bands (Red, Green, Blue, Near InfraRed, 

Yellow, Green I, Coastal Blue, and Red Edge) (Szostak et al., 2021).. PlanetScope 

satellite imagery is used to analyze land use change (Yu et al., 2024). 

 

3. Results and Discussion 

3.1. Results of Land Cover Validation of  Weda Tengah  Sub-district 

The validation results of land cover in 2016, 2020, and 2024 obtained accuracy 

values of 92%, 90%, and 95%, respectively. From these accuracy values, it is found 

that the land cover in the results of visual interpretation and digitization on 

PlanetScope imagery in that period can be used. Validation of the land cover of 

Central Weda Sub-district in 2024 on 50 points spread across various land cover 

classes and areas of Central Weda Sub-district obtained various conformities 

between the land cover of the guided classification results which became the 

reference in determining the points, with the actual land cover. The validation 

results show that 46 out of 50 guided classification points match the actual land 

cover. These validation results show that the results of visual interpretation and 

digitization are used for further research. 

 

 
Figure 3. Land Cover of Weda Tengah Sub-district 2016 
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3.2. Land Cover of Weda Tengah Sub-district 2016 

The results of the interpretation and analysis of PlanetScope imagery in 2016 

show that agricultural land is the dominant land cover type in Central Weda Sub-

district, with an area of 52,938.88 ha or 98.51% of the total area (Figure 3). This data 

shows the dependence of local communities on the agricultural sector as their main 

source of livelihood, where the sustainability of agricultural land is crucial in 

supporting the local economy and reducing the negative impacts of mining 

activities. In addition, the settlement area, which covers 222.79 ha (0.41%), shows 

that although it is small compared to agricultural land, settlement infrastructure is 

still important to support social and economic life in the area. 

Mining areas covering 364.98 ha (0.68%) and water bodies covering 212.88 ha 

(0.40%) contributed to significant land cover change. Nickel mining activities in this 

area have caused environmental degradation, such as forest fragmentation and loss 

of biodiversity, impacting ecosystems and the availability of water resources. In 

response to these challenges, the use of PlanetScope satellite imagery to monitor land 

cover change provides a better understanding of land management dynamics in 

Central Weda, which can serve as a basis for formulating sustainable management 

policies. The spatial land cover of Kecamatan Weda Tengah in 2016 can be seen in 

Figure 3. 

 

 
Figure 4. Land Cover of Weda Tengah Sub-district 2020 
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3.3. Land Cover of Weda Tengah Sub-district 2020 

In 2020, land cover in Weda Tengah sub-district showed significant changes, 

especially in the mining area which reached 1,329.18 ha (2.47%). This increase in 

mining area reflects the continued expansion of the nickel industry, which often 

results in serious environmental impacts such as deforestation, decreased 

biodiversity and pollution. Meanwhile, agricultural land remains dominant at 

51,853.55 ha (96.49%), indicating that this sector is still the backbone of the local 

economy. However, it should be noted that pressure from mining activities could 

threaten the sustainability of agricultural land and the welfare of local communities. 

In addition to the increase in mining areas, the growth of settlement areas 

covering 343.92 ha (0.64%) signifies an increase in population as well as basic 

infrastructure needs, which must be managed wisely to avoid conflicts with 

agricultural land use and forest areas. Water bodies remain stable at 212.88 ha 

(0.40%), indicating that water resources are maintained despite mining activities. 

Through analysis using PlanetScope satellite imagery, this research aims to provide 

in-depth insights into the impacts of mining activities and how land management 

can be done sustainably to support community welfare in Central Weda. The spatial 

land cover of Weda Tengah sub-district in 2020 can be seen in Figure 4. 

 

3.4. Land Cover of Weda Tengah Sub-district 2024 

In 2024, Weda Tengah sub-district experienced a significant increase in the 

area of mining land cover reaching 4,498.32 ha (8.37%). This surge reflects the 

intensification of nickel mining practices, which could lead to further environmental 

degradation as well as negative impacts on local ecosystems. In addition, although 

agricultural areas still dominate with 48,464.41 ha (90.18%), the decline in the 

proportion of agricultural land compared to mining indicates continued pressure on 

the agricultural sector, which is the main source of livelihood for local communities. 

The balance between natural resource exploitation and environmental conservation 

is a challenge that needs to be addressed to achieve sustainable development. 
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Figure 5. Land Cover of Weda Tengah Sub-district 2024 

 

The growth in settlement area, which now stands at 563.92 ha (1.05%), 

indicates an increasing population that requires better infrastructure support. Special 

attention needs to be paid to the social impacts of these changes, as local 

communities may lose access to agricultural land and natural resources due to the 

expansion of mining areas. Identifying and mapping these changes through analysis 

of PlanetScope satellite imagery is critical to inform decision-making for sustainable 

natural resource management. By implementing responsive and data-based policies, 

it is hoped that the ecosystem and community economy can be well maintained in 

the Central Weda Sub-district. The spatial land cover of Central Weda Sub-district in 

2024 can be seen in Figure 5. 

 

3.5. Land cover change in mining area for the period 2016-2024 

Land cover change in Weda Tengah sub-district, particularly in relation to 

nickel mining activities, shows a significant trend from year to year. Referring to the 

latest data, the mining area increased rapidly from 364.98 ha (0.68%) in 2016 to 

4,498.32 ha (8.37%) in 2024. This increase reflects the intensification of nickel resource 

exploitation driven by global market demand. These activities not only lead to a 

reduction in forest area, but also contribute to habitat fragmentation, potentially 

threatening local biodiversity (Swetnam et al., 2011). In addition, the loss of 

vegetation cover can impact the hydrological cycle and increase the risk of soil 

erosion in neighboring areas (Gbedzi et al., 2022). 
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Table 1. Land Cover Change in Weda Tengah Sub-district 

Land Cover 
Area (Ha) 

2016 % 2020 % 2024 % 

Settlements 222,79 0,41 343,92 0,64 563,92 1,05 

Mining area 364,98 0,68 1.329,18 2,47 4.498,32 8,37 

Agriculture  52.938,88 98,51 51.853,55 96,49 48.464,41 90,18 

Water Body 212,88 0,40 212,88 0,40 212,88 0,40 

Total Area 53.739,53 100,00 53.739,53 100,00 53.739.53 100,00 

 

On the other hand, although the dominance of agricultural land still exists 

with 48,464.41 ha (90.18%) in 2024, this proportion shows a relative decline along 

with the expansion of mining land. This indicates an increasing pressure on the 

agricultural sector, which is the main source of livelihood for local communities 

(Trisurat et al., 2019). These land cover changes may affect the food security and 

economic sustainability of the region, with communities dependent on agricultural 

products becoming vulnerable (Fikadu & Olika, 2023). Therefore, continuous 

monitoring and wise management are necessary to mitigate the negative impacts of 

mining activities, so that a balance between economic development and 

environmental preservation can be achieved in Weda Tengah sub-district. 

 

Conclusions 

 This study shows that nickel mining activities in Weda Tengah sub-district, 

Halmahera, have led to significant changes in land cover, with an increase in mining 

area from 2016 to 2024, while agricultural land has proportionally decreased. 

Although the agricultural sector still dominates, pressures from mining expansion 

threaten its sustainability and negatively impact ecosystems, including forest 

fragmentation, loss of biodiversity, and decreased availability of water resources. 

Therefore, this study emphasizes the importance of continuous monitoring and wise 

management to create a balance between economic growth and environmental 

preservation for the socio-economic sustainability of local communities. 
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