
 

A Review of Land Use Land Cover Change  in 

The Catchment Area of Musi Hydropower Plant 

in Bengkulu Province 

Sukisno1,2*, Widiatmaka 3, , Januar J. Purwanto4, Bambang Pramudya N5, Khursatul 

Munibah3 

 
1 Graduate Student of Natural Resources and Environmental Management IPB University, Bogor, West 

Java, Indonesia 
2 Dept. of Agriculture Cultivation, Faculty of Agriculture, University of Bengkulu, Bengkulu, Indonesia 
3 Dept. of Soil Science and Land Resources, IPB University, Bogor, West Java, Indonesia 
4 Dept. of Civil and Environment, IPB University, Bogor, West Java, Indonesia 
5 Dept. of Agricultural and Bio-system Engineering IPB University, Bogor, West Java, Indonesia  

Abstract. This research was conducted to review land use land cover 

change in the catchment area of Musi Hydropower Plant in Bengkulu 

Province. The data used in this research is land use land cover map year 2000 
to 2018 from Ministry of Environment and Forestry of the Republic of 

Indonesia. The analyse was done by overlaying time series map of land use 

land cover map from 2000 to 2018 on the map of forest area. The result 

shows that primary dryland forest degradated significantly, around 568 ha 

less than 20 years. In the other side, settlements and built-up area 
significantly increase, 1.331 ha in 20 years. Meanwhile, the land use of 

agricultural dry land mixed with shrubs, in agregat decreased by 1.078 ha. 

The area of agricultural dry land mixed with shrubs was increase during 

period of 2000 to 2014, and then slightly decrease in the period of 2014 to 

2018. Land use changes on the catchment area  have negative impact on the 
quality of environmental services, such as erosion and sedimentation on the 

reservoir of Musi Hydropower Plant. Intervention needed to reduce the 

negative impact of the land use change on ecosystem services. 

Key words:  land use land cover change, forest degradation, catchment 

area, Musi Hydropower Plant 

1 Introduction 

Increasing population followed by the growing of demand for land. Land is the stage on 

which all human activity is being conducted and the source of the materials needed for this 

conduct. The competition for land is increasing as demand for multiple land uses and 
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ecosystem [1, 2, 3, 4]. Land resources, as sources and sink of human activity, have limited 

availability and capability. Land use land cover competition result in land use land cover 

changes. 

 Land use land cover changes have positive and negative effects. The development of 

technology, improvement the quality of environment, increasing environmental services and 

improvement of human welfare are the positive impacts of land use land cover changes. 

However, at times land use land cover changes have detrimental impacts. Deforestation by 

agricultural expansion, expansion of settlements area from agricultural land, carbon losses, 

soil erosion, sedimentation, floods, and losses of biodiversity are the negative impacts o f land 

use land cover changes [5, 6, 7]. 

 Sub Watershed of Musi Hulu is an area in Bengkulu Province, Indonesia, that have high 

magnitude of land use land cover changes. In 2006, Musi Hydropower Plant use the water 

from Musi River to generate the power plant. Sub Watershed of Musi Hulu as the catchment 

area of Musi Hydropower Plant. With the time of operation around ten years, in 2014, 

sedimentation in the reservoir of Musi Hydropower Plant has been interfered the water supply 

to the power plant [8, 9]. Musi Hydropower Plant must dredge the sediment in the reservoir.  

 Sedimentation in a reservoir is an impact of soil erosion on the catchment area  [10]. Soil 

erosion and associated increases in sediment mobilization and transport have long been 

recognized as a major problem in those regions where erosion rates and suspended sediment 

yields are high [11]. Soil erosion highly correlated with land use land cover changes [5]. Land 

use land cover changes from forest to agricultural activity and from agricultural land  to 

settlement areas will followed by increasing erosion rates and suspended sediment yields. 

 Land use land cover change is a dynamic process and deals with land development. The 

assessment of the driving forces behind land use land cover change is necessary when 

analyzing and explaining past patterns, as well as when aiming to forecast future patterns  [2, 

4]. Researchers and professionals used land use land cover change models to explore the 

dynamics and drivers of land use land cover change and to inform policies affecting such 

change [12, 13, 14]. Analyze and review land use land cover changes are very important for 

policymaking to improve the quality of environmental services. 

 This study aims to analyze land use land cover change in the catchment area of Musi 

Hydropower Plant in Bengkulu Province. 

2 Material and Methods  

2.1 Research location 

The research location was in the catchment area of Musi Hydropower Plant, lies on Rejang 

Lebong and Kepahiang Regency, Bengkulu Province, Indonesia. The site is at 102 ° 22'18 

.98 " - 102 ° 38'38 .93" Lat., and 3 ° 16'28 .873 "-  3 ° 33'57 .441" long (Figure 1). 

2.2 Data Collection  

The data used in this research is land use land cover map year 2000 to 2018 from Ministry of 

Environment and Forestry of the Republic of Indonesia. There are 11 types of land use land 

cover, primary dry land forest, secondary dry land forest, plantation forest, dry shrub, estate 

crops, settlement areas, bare ground/bare soils, water, dry land agriculture, mixed dry land 

agriculture and paddy fields. 
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2.3 Data Analysis 

The analyse was done by overlaying time series map of land use land cover map from 2000 

to 2018 on the map of forest area  (Fig. 2). Overlay analysis was conducted with Geographical 

Information System tool, ArcMap 10.8.1. 

 
 

Fig. 1. Research location of Musi Hydropower Plant, Bengkulu Province, Indonesia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2. Research Methodology 
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3 Results and discussions 

3.1 Land use land cover change 

The result shows that from year 2000 – 2018, primary dry land forest decrease significantly, 

around 568 ha. Primary dry land forest is very important area. Degradation of the area have 

significant impacts on environmental services, such as losses of biodiversity, losses of carbon 

storage, increasing soil erosion rates and suspended sediment yields, and increasing the 

potential of floods on the Musi river. Primary dry land forest degradation followed by 

degradation of plantation forest, 232 ha. Although losses of mixed dry land agriculture higher 

than primary dry land forest, in the context of environmental services, losses of primary dry 

land forest more crucial than mixed dry land agriculture. In the other site, settlement areas 

increasing significantly, around 1.331 ha, followed by estate crops, paddy fields, bare 

ground/bare soils, secondary dry land forest, dry shrub, and dry land agriculture (Table 1, 

Figure 3-4). 

Table 1 and Figure 3 showed that the primary dry land forest and plantation forest in the 

catchment area of Musi Hydropower Plant tend to decrease yearly. The primary dry land 

forest, usually convers to secondary dry land forest, dry shrub and mixed dry  land agriculture. 

The area of land use types secondary dry land forest, dry shrub, bare soils, and mixed dry 

land agriculture fluctuated. The fluctuation showed the dynamics of land use land cover 

change on the area .  
 

Table 1. Land use land cover the catchment area of Musi Hydropower Plant 2000 – 2018 

 

No 
Land Use/Land 

Cover 

2000 2009 2014 2018 
Δ (2000-

2018) 

Area (ha) 

1 Primary dryland 

forest 

9.951,2 9.583,5 9.547,7 9.383,4 -567,8 

2 Secondary 

dryland forest 

6.208,7 6.377,0 5.918,4 6.287,2 78,5 

3 Plantation forest 412,9 412,9 375,0 180,9 -232,0 

4 Dry shrub 259,5 269,7 349,2 305,2 45,7 

5 Estate corp 0,0 0,0 0,0 150,7 150,7 

6 Settlement areas 2.784,4 2.784,4 2.783,1 4.115,7 1.331,3 

7 Bare ground/bare 

soil 

48,4 48,4 152,3 154,6 106,1 

8 Water 7,0 7,0 7, 7,0 0,0 

9 Dryland 

agriculture 

163,9 163,9 187,9 187,9 23,9 

10 Mixed dryland 

agriculture 

39.156,0 39.345,3 39.671,5 38.077,5 -1.078,4 

11 Paddy field 1.624,3 1.624,3 1.624,3 1.766,4 142,1 

  Total 60.616,4 60.616,4 60.616,4 60.616,4   
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Fig. 3. Land use land cover map of the catchment area of Musi Hydropower Plant 2000 – 2018 
 

 

 
 

Fig. 4. Land use land cover map the catchment area of Musi Hydropower Plant year 2000-2018 
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(13.915 ha), and Natural Tourism Park Bukit Kaba  (2.355 ha) (Figure 4 and Table 2). At the 

Protetcted Forest Bukit Daun, the secondary dry land forest tend to decrease, from 2.331,2 

ha in 2000 to 1.998,4 ha in 2018. In the other site, mixed dry land agriculture tend to increase, 

from 2.558,3 ha in 2000 to 2.842,1 ha in 2018. It’s showed that the forest area convers to 

agricultural activity (deforestation).  

At the National Park Kerinci Seblat, forest area (primary and secondary dry land forest) 

dominated the area. The primary dry land forest increase significantly, from 2.353,9 ha in 

2000 to 8.795,3 ha in 2018. Secondary dry land forest also increase, from 533,9 ha in 2000 

to 2.708,2 ha in 2018. In the other site, mixed dry land agriculture decrease significantly from 

10.567,5 ha in 2000 to 1.841,4 ha in 2018. National Park Kerinci Seblat established in 1999. 

Increasing the forest area and decreasing mixed dry land agriculture showed that 

establishment of the area as conservation area effective in preserve the forest area.   

At the Natural Tourism Park, secondary dry land forest increase from 1.383,2 ha in 2000 

to 1.514,6 ha in 2018. In the other site, mixed dry land agriculture decrease from 922,8 ha in 

2000 to 814,4 ha in 2018. Dry shrub and bare ground/bare soil also decrease.  

There are so many reason land use conversion on the area, such as economic, 

anthropogenic, and biophysics factors [15, 16]. Recently, farmer on the area cultivate fruit 

crops such as orange and avocado crops that more valuable than coffee. They are also convers 

their cultivation culture from monoculture to mixed/intercropping/integrated agriculture, 

such as intercropping orange with vegetable/horticulture crop, or integrated their agricultural 

plantation with tourism (agro-tourism). However, the mixed dry land agriculture on the area 

still dominated by coffee as the main crops (Table 2). 
 

 
Table 2. Land use land cover the catchment area of Musi Hydropower Plant 2000 – 2018 based on 

forest status 

 

No 
Forest 

status 

Land use land 

cover 

2000 2009 2014 2018 
Δ (2000-

2018) 

Area (ha) 

1 
Nature 
Preserves 

Mixed dryland 
agriculture 

0,6 0,6 0,6 0,6 0,0 

2 

P
ro

te
ct

ed
 F

o
re

st
 B

u
k
it
 D

au
n

 

Primary dryland 

forest 
0,6 0,6 0,0 0,0 -0,6 

Secondary 

dryland forest 
2.331,2 2.331,2 2.106,6 1.998,4 -332,7 

Dry shrub 1,3 1,3 24,8 110,4 109,1 

Settlement areas 92,3 1,3 1,3 1,3 -91,0 

Bare ground/bare 

soil 
0,0 0,0 8,4 25,2 25,2 

Water 1,3 7,0 7,0 7,0 5,8 

Dryland 

agriculture 
0,0 0,0 0,6 0,6 0,6 

Mixed dryland 

agriculture 
2.558,3 2643,6 2836,3 2842,1 283,7 

3 
Limited 
production 

forest 

Mixed dryland 

agriculture 
125,4 125,4 125,4 125,4 0,0 

4 

N
at

io

n
al

 

P
ar

k
 

K
er

in

ci
 

S
eb

la

t Primary dryland 
forest 

2.353,9 8.983,1 8.959,7 8.795,3 6.441,5 
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Secondary 

dryland forest 
533,9 2.539,9 2.326,8 2.708,2 2.174,3 

Plantation forest 421,1 367,1 352,7 178,1 -243,0 

Dry shrub 38,6 10,9 66,6 165,3 126,7 

Estate corp 0,0 0,0 0,0 131,3 131,3 

Bare ground/bare 

soil 
0,0 0,0 72,0 83,7 83,7 

Dryland 

agriculture 
0,0 0,0 11,6 11,6 11,6 

Mixed dryland 

agriculture 
10.567,5 2.013,9 2.125,5 1.841,4 -8.726,1 

5 

Natural 

Tourism 

Park Bukit 
Kaba 

Secondary 
dryland forest 

1.383,2 1.383,2 1.383,2 1.514,6 131,4 

Dry shrub 31,3 0,9 0,9 26,3 -5,0 

Bare ground/bare 

soil 
18,0 48,4 48,4 0,0 -18,0 

Mixed dryland 

agriculture 
922,8 922,8 922,8 814,4 -108,5 

Total 21.381,1 21.381,1 21.381,1 21.381,1   

 

 

 

 
Fig. 5. Land use land cover the catchment area of Musi Hydropower Plant on the Protected Forest 

Hutan Lindung Bukit Daun 
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Fig. 6. Land use land cover the catchment area of Musi Hydropower Plant on the National Park 

Taman Nasional Kerinci Seblat 

3.2 Environmental Issues 

As seen on the Figure 5-6, forest area (primary and secondary dry land forest) tends to 

decrease yearly. It shows that deforestation is the main problem on the area. In general, forest 

area convers to mixed dry land agriculture. The area of mixed dry land agriculture tends to 

increase yearly. Economic factors is the main driving factor of land use land cover change. 

People preferred to convert their land to the more valuable commodity.  

Land use land cover changes on the catchment area  have negative impact on the quality 

of environmental services, such as erosion and sedimentation on the reservoir of Musi 

Hydropower Plant. However, farmer tends to ignore the impact of their activity to the 

environment. Intervention needed to reduce the negative impact of the land use change on 

ecosystem services. 

4 Conclusions 

Forest area in the catchment area of Musi Hydropower Plant degradated significantly, around 

568 ha less than 20 years. Economic factors as the main driving factor of land use land cover 

change. Land use land cover changes on the catchment area  have negative impact on the 

quality of environmental services, such as erosion and sedimentation on the reservoir of Musi 

Hydropower Plant. Intervention needed to reduce the negative impact of the land use change 

on ecosystem services. 
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