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ABSTRACT: There is an urgent need to regulate and monitor land degradation through quantitative 
assessments and mapping critical land to increase national capacity as stated in the Sustainable Development 
Goals (SDGs). This can be achieved by introducing an innovative approach to monitoring the necessary land 
at the national, provincial, and district city levels. Moreover, the sub-watershed scale analysis associated with 
the distribution of degraded land through multi-temporal geospatial layers [1,2] helps provide a regionally 
consistent dataset needed to support the agendas aligned with sustainable development goals (SDGs) [3]. The 
analysis of topographical conditions, types of land cover, and the amount of kinetic energy for rain intensity of 
30 minutes with a return period of 2 to 100 years is the basis for predicting critical land using the RUSLE 
method [4]. Predicted essential distribution of land and potential for land degradation that occurred in the last 
10 years (2010-2020), covering an area of 2,215,303 Km2 (37.95%) land in the critical category, 10,780 Km2 
(0.18%) very critical, 629,301 Km2 (10.78%) is slightly critical, 2,256.92 Km2 (38.7 %) potentially critical and 
only 725,875 Km2 (12.43%) which is not vital. The most dominant problem of watershed degradation is land 
cover loss due to forest encroachment in areas with slopes over 25%. The expansion of land conversion is 
typical of oil palm plantations, which triggers soil erosion, flooding, and a decrease in pristine water quality 
due to river water pollution. 
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1. INTRODUCTION 
 

The pressure on land resources, coupled with the 
intensive rainfall linked to climate change, is 
causing land degradation. Furthermore, it has been 
reported that excessive rainfall and human activities 
such as logging and inappropriate land development 
are increasing the occurrence of run-off and soil 
erosion [5]. Therefore, it is essential to monitor the 
changes in the periodic degradation of land in order 
to preserve environmental quality as well as 
improve natural resource management and land 
planning [6]. 

Several cases of land degradation have caused 
the deterioration of pristine water quality. This is 
due to high soil erosion, which causes increased 
sedimentation that enters rivers and pollutes raw 
water sources from surface water [7]. Increased soil 
erosion, caused by inappropriate land management, 
can be used as a parameter in monitoring land 
degradation. However, the technique of monitoring 
land degradation by calculating the amount of 
erosion by analyzing the ratio of land use change on 
various classifications of different slopes, coupled 
with the analysis of the amount of rainfall that 
occurs in the watershed area, is a better parameter 
in monitoring land degradation [8,9]. From several 
studies, some argue that in a healthy forest area, soil  

 

erosion will be hampered by the lower vegetation 
and the existing lining of the litter [10]. The smaller 
the litter layer, the more soil erosion content will 
occur. Ecological pressure can also be caused by a 
regional development that suppresses the upstream 
watershed area [11]. Pollution and sedimentation 
can also happen because they pay less attention to 
good land management in the upstream watershed 
area. 

The Rawas watershed is one part of the sub-
watershed in the Musi River Basin, which has 
experienced a decrease in the quality of clean water. 
Based on water quality measurement data at several 
points along the flow of the Rawas, Rupit, and Kuis 
rivers, from 2019-2021, the quality of Total 
dissolved solids (TDS) is increasingly worrying 
(see Figure 1). From these data, it can be concluded 
that the raw river water quality is decreasing due to 
high pollution caused by the illegal mining of gold 
ore and iron ore in the upstream watershed area. 

The data retrieved from the Musi Watershed 
Management Center (BPDAS MUSI) in 2019 [12] 
showed that critical land categorized as very 
essential in the Rawas watershed area is 5,838.183 
Km2, while those classified as moderately necessary 
is 2,215.303 Km2, the required potential is 2,256.94 
Km2, and the non-critical is 725.825 Km2. 
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Fig. 1. TDS value at river of rawas watershed 
 
2. RESEARCH SIGNIFICANCE 
 

The optimization of land usage is one of the 
critical activities required to ensure the appropriate 
distribution of land. It can be achieved by modeling 
the topographic conditions, types of land cover, 
duration and time of rain, and the magnitude and 
distribution of erosivity using GIS techniques. This 
is necessary to provide the data needed to predict 
the critical land distribution and potential 
environmental damage in the watershed area. 

The critical land analysis method discussed in 
this study focuses on combining land use change 
data and different additional datasets through a 
more flexible essential land estimation technique. 
Moreover, the sub-watershed scale related to the 
distribution of necessary land was analyzed using 
multi-temporal geospatial layers [11]. This method 
assists in providing a regionally consistent set of 
critical land distribution data to support the agendas 
of sustainable development goals (SDGs), 
specifically SDG indicator 15.3.1 focused on the 
proportion of degraded land over the total land area 
[13]. 

 
3. METHODOLOGY 
 
3.1 Study Area 

 
The Rawas sub-watershed is one of the 36 water 

facilities in the south Sumatra province 
administrative region and is also part of the Musi 
river basin. The facility has a catchment area (DAS) 
with a geographical location at variational 
coordinates of 102° 4' 4.8" – 103° 27' 36" east 
longitude and 2° 19' 15" – 3° 06' 36" south latitude. 
The upstream area is at an altitude of 2,100 m above 
sea level and it is  one of the highest peaks in the 
Kerinci Seblat national park zone which is partly 
included in the administrative region of north Musi 
Rawas regency (1,884.61 Km2 or 32%). Moreover, 
Kerinci Seblat National Park (TNKS) is part of the 
global warp designated by UNESCO as a world 
heritage area with more than 4000 species of 
primary forest flora and 115 species of 
ethnobotanical plants. There are two significant 

rivers or sub-river systems flow in the Rawas sub-
watershed and these include the Rupit river which 
fulfills and empties into the rawas water body. 

The water resources in the sub-systems of 
Rawas and Rupit rivers have benefited the residents 
in the watersheds. However, the licensing 
development for several lands utilized for 
plantation activities is increasing massively in the 
area. This indicates an imbalance in water 
availability during the rainy and dry seasons, as 
observed in other river systems within the Musi 
river basin [14,15]. It was also discovered that the 
provincial and district governments issued several 
permits for oil palm and rubber plantations, mining, 
infrastructure, and other economic developments, 
as well as many illegal operations in the hills and 
along rawas river to extract coal, gold, sand, and 
Iron ore. These activities are disrupting the raw 
water supply system and causing an increase in 
erosion magnitude and flooding volume. 

 
3.2 Methods 

The rainfall-run-off was modeled using the 
RUSLE analysis technique [16]. This involved the 
utilization of GIS to assess the criticality level of 
land based on the relationship between soil 
properties, slope diversity, land use patterns, and 
the amount of erosion. Moreover, the physical 
parameters of the watershed were combined with 
time series of high rainfall in the watershed area. 
This was achieved by calculating the amount of 
kinetic energy (annual Kinetic Energy) caused by 
the rain intensity (precipitation) within 30 minutes 
for several return times variations. The RUSLE 
model was used to analyze all parameters in the 
watershed to estimate the magnitude of detachment 
indexes or the amount of surface soil detachment 
with the potential to become a sediment solution, 
depending on the slope level, soil structure, and 
land use [17].  

The land use data were used to redistribute the 
aggregate number of critical lands in order to 
increase the accuracy of the distribution data based 
on regional scale sizes [18]. Moreover, several 
factors associated with environmental damage 
correlate with the methods applied by humans in 
distributing land for different activities in the 
landscape [19]. This means it is possible to use a 
large number of land use groups to effectively 
model the different distribution areas of critical land 
within the watershed boundary unit and to better 
describe the degraded land [20]. 
 
3.2.1 Extraction of Land Use 

Multispectral image classification was applied 
as the basis for multitemporal monitoring of land 
use and landform maps generated through the 
digital interpretation of images [21]. For example, 
the relationship between an area with low-level 
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vegetation land cover and plain fluvial landforms is 
a characteristic of paddy land. The other elements 
of interpretation such as patterns, shapes, sizes, and 
associations were also considered in identifying 
land use objects. This was achieved digitally by 
recognizing objects and processing spectral values.  
Previous works found that when forests are 
converted to artificial forests [22], soil is reduced. 
 
3.2.2 Extraction of Drainage Network 

Digital Elevation Model (DEM) is the digital 
data with x, y, and z values. The x and y values are 
the coordinates of the position or location while the 
z values are used for the elevation. This model can 
be derived or used to generate new data that requires 
altitude information such as contour maps, 
elevation maps, land slope class maps, digital 
terrain models (DTM), hill shading, aspect maps, 
intervisibility (visible), slope length, watershed 
shape, watershed density, and others [23]. 

The DEM data used in this study is DEM Nas 
(Digital Elevation Model National Indonesia) in the 
form of raster data with pixel values of 7,5 m 
indicating the location coordinates and altitude 
values.  

Morphological parameters are very important to 
watershed features and proper watershed 
management planning[24][25]. It has also been 
reported that geological, geomorphological, land 
cover, and hydrological information are beneficial 
to understanding watershed drainage patterns. The 
presentation of watershed morphometric conditions 
is expected to provide a comprehensive picture of 
the drainage basin and this is very useful in 
watershed environmental management, 
hydrological modeling, conservation, and 
restoration [26]. 
 
3.2.3 Soil Loss Modeling 

The soil loss determination method has two 
different base phases. The first is the water phase 
with the kinetic energy of rainfall, overland flow, 
and annual precipitation values. The second is the 
sedimentation phase with the rate of soil 
detachment due to the impact of raindrops and the 
calculation of transport capacity of overland flow 
values for every pixel by generating maps for each 
input data [27]. Moreover, the predictive model 
applied to assess soil erosion risk is called the 
Morgan model with the input parameters and 
operating functions listed as follows. It is important 
to note that the strength of the energy generated 
from the volume of rainfall is half the mass of the 
particle times the square area of the soil surface. 
Furthermore, the amount of erosion was calculated 
using EI30 developed by Wischmeter and Smith, 
1978 [28]. 

The sediment transport flow was modeled by 
estimating mass conservation to simulate soil 

erosion and deposition. The average change in soil 
loss was also predicted through the following 
RUSLE equation [29], 

 
𝑬𝑬 = 𝑹𝑹.𝑲𝑲.𝑳𝑳𝑳𝑳.𝑪𝑪.𝑷𝑷      (1) 

 
where E is the computed soil erosion rate (annual 
average) (tons/ha/year), R is the rain erosivity index 
(MJ mm/ha/h/year), K is the soil erodibility index 
(tons.ha.h/MJ/mm), LS is the index of slope length 
and slope steepness factor, C is the vegetation cover 
index, and P is the index of tillage or soil 
conservation measures. 

The amount of rainfall (R) in g/m2, is a function 
of an increase in the kinetic energy, and has a strong 
correlation with soil loss. It defined as product of 
the maximum intensity of rainfall over a 30 minutes 
[27]  

 
R = 𝟏𝟏

𝒏𝒏
∑ ∑ (𝑬𝑬𝒎𝒎𝒎𝒎

𝒌𝒌=𝟏𝟏
𝒏𝒏
𝒋𝒋=𝟏𝟏 I30)𝒌𝒌                 (2) 

 
where n is the number of years included in the 
analysis, mj is the number of erosive events during 
year j, and EI30 (MJ mm/ha/h) is the R for event k. 

For a particular event, erosivity is calculated as 
follows [27]: 

 
𝐸𝐸I30 = (∑ 𝑒𝑒𝑒𝑒.𝑣𝑣𝑣𝑣). I30

𝑚𝑚
𝑟𝑟=1         (3) 

 
where 𝑒𝑒𝑒𝑒 is the kinetic energy per unit of rainfall 
(MJ/ha/mm); 𝑣𝑣𝑣𝑣 is the rainfall depth (mm) for the 
hydrograph’s time interval r; r is subdivide into m 
sub-intervals; I30 is the maximum rainfall intensity 
for a 30-minute timeframe 

The LS factor was calculated to predict the 
strength/erosivity of the run-off and was expressed 
as the ratio of slope steepness affected soil loss and 
β is slope gradient in degree. By classifying the 
slope of the watershed according to y values shown 
in Table 1 that vary from 0.2 in the upper part of the 
watershed to 0.5 in the downstream and middle of 
the watershed was generated to run Eq. (4).  

 
𝐿𝐿𝐿𝐿 = (𝑄𝑄𝑄𝑄𝑄𝑄

22.13
)𝑦𝑦(65.4 𝑆𝑆𝑆𝑆𝑆𝑆2𝛽𝛽 + 4.56 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 0.0654)     (4) 

 
Qa is flow accumulation and M is cell size 
(Wischmeter and Smith, 1978) [30], 
 
Table 1 y values for a range of slope classes 
 

Slope class (%) y value 
< 1 0.2 

1 - 3 0.3 
3 - 5 0.4 
>5 0.5 
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3.2.4. Transport Sediment 
The model's sediment transport capacity (T) is a 

function of the overland flow volume and slope (S) 
coverage factor. The overland flow (Q) is the 
derivative of the annual rainfall (R), the ratio 
between soil moisture storage, and the separation of 
yearly rainfall with the number of daily rains per 
year (n) [31]. Meanwhile, the soil moisture storage 
(Rc) was based on the field capacity (Ms), bulk 
density (Bd), root depth and topsoil, and the ratio of 
actual evapotranspiration (EPT). It is also important 
to note that the plant factor (c) was obtained from 
the land cover sub-factor, therefore, the equation 
becomes [21] 
 
 
𝑇𝑇 = 𝐶𝐶 ∗ 𝑄𝑄2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆 (𝑆𝑆) g/m2         (5) 
 

where S is Slope (radians), and C is land cover 
factor 

𝑸𝑸 = 𝑹𝑹 ∗  𝒆𝒆
𝑹𝑹𝑹𝑹
𝑹𝑹𝑹𝑹  mm       (6) 

 
where R is average annual precipitation (mm) 
 
Rc = 1000 * Rd * Ms * Bd * (Ea/Ep)0,5      (7)
  
where Rd is the depth of root zone (m), Ms is soil 
moisture at field capacity (w/w), Bd is bulk density 
on Top Soil (g/Cm2), Ea/Ep is ratio of actual and 
potential evapotranspiration, Ro = R/n, n is number 
of rainy days in a year. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Research flowchart 
 
4. RESULT AND DISCUSSION 
 
4.1 Watershed Morphometric Analysis 
 

The morphometric analysis was based on the 
data obtained on the elevation of the watershed area, 
the aspect of the site, as well as the gradient and 
slope of the land contributing to the drainage basin. 
The analysis was used to understand the 
hydrogeological behavior of drainage basins and to 
determine the climatic, geological, 
geomorphological, and structural conditions of the 
area. 

The analysis of the drainage in the watershed 
system was used to determine the status of the flow 
pattern, inundation area, and availability of water in 
the study area (see Table 2). 

4.1.1 Flow Length 
Flow length is one of the essential hydrological 

characteristics in a watershed area due to its ability 
to provide information on run-off characteristics. 
The size of the most extended river flow in the 
Rawas sub-watershed is 94.42 Km with slope drain 
is 3.38 %, while the shortest length is 54,66 Km 
with slope drain is 0.13 % (see Table 2). All the 
drainage channels in the sub-system were observed 
to be elongated patterns without many river 
branches. Therefore, it was concluded that the 
Rawas sub-watershed is a basin with alluvial 
deposits of former sediment or river overflow. 

 

4.1.2. Average Flow Length (L) 
Average flow length is a dimensionless property 

that expresses the characteristic size of the drainage 
network and watershed surface components 
contributing to the arrival time of water flow from 
upstream to downstream. For example, the average 
flow length in the Rawas watershed is 73.33 Km. 
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Fig. 3 Watershed morphometry and soil texture 
 

 

 
 

Table 2 Morphometric of rawas river watershed 
 

No. Name of watershed Watershed 
area (Km2) 

Stream 
length (Km) 

Perimeter 
(P) Km 

Drainage density 
(Km/Km2) 

Slope 
drain (%) 

1 Uper rawas watershed 1,782.94 94,42 339.8 0.397 3.38 
2 Downstream rawas 

watershed 
2,280.92 54.66 272.1 0.359 0.13 

3 Rupit watershed 1,824.17 71.04 260.8 0.288 1.51 
 

 
 
4.1.3. Basin Area (A) 

The watershed area is another crucial paramter 
like the length of river drainage. It was discovered 
that the downstream rawas watershed has the largest 
catchment area with 2,280.92 Km2 and the smallest 
size is 1,782.940.75 Km2. 

4.1.4. Basin Perimeter (P) 
The basin's perimeter is the outermost boundary 

of the watershed which is commonly known as the 
circumference of the sub-watershed .It was 
measured along the border between adjacent 
watersheds and used as an indicator of its size and 
shape. The perimeter of the basin of the study area 
varies and the largest circumference was recorded 
to be 339.8 Km. 

4.1.5. Drainage Pattern 
The drainage pattern in the basin reflects the 

influence of slope, lithology, and rock structure. Its 
analysis usually assists in identifying the stages of 

the erosion cycle. It also presents several 
characteristics of the watershed through the pattern 
and texture of the drainage. The Rawas watershed 
was observed to have an elongated drainage pattern 
and trails and this means the study area is flat and 
undulating with one extensive river system and a 
floodplain basin. 

 

4.1.6. Drainage Density 
Drainage density is the flow length per unit area 

of a basin or watershed and serves as another 
element of drainage analysis. It was discovered that 
the drainage density of the Rawas basin is 0.397 
Km/Km2. 

 
4.2. Topography  

 
The research area is one of the upper reaches of 

the Musi river basin with an altitude of 2,100 m 
above sea level and the lowest area at an altitude of 
25 m above sea level. The slope of the Rawas 
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watershed varies with a pitch of < 8% being the 
most expansive area and a hill of > 45% being the 
smallest (see Figure 4). The headwaters include 
Mount Kerinci which is part of the Kerinci Seblat 
National Park (TNKS), designated as part of the 
lungs of the world, and functions as a protected 
forest. It is pertinent to state that the total economic 
value of the TNKS area is based on the direct use 
and residual water values. The indirect use value is 
associated with carbon sequestration as well as its 
existence (existence) and inheritance (legacy). 

4.2.1. Soil Texture 
Rawas watershed has unconsolidated sediments 

ranging from clay to sand sequences of different 
grades. It geologically includes highlands and 
lowlands and also serves as a quarter alluvial 
deposit from the Pleistocene to young age. Some 
parts of the basin have loamy sand formations due 
to silt deposits which are sometimes interspersed 
with sand. Moreover, shallow aquifers occur mainly 
in river deposits and meandering rivers. 

4.2.2. Geomorphology 
The Rawas River basin was founded on 

quarterly alluvial deposits consisting of clay, silt, 
sand, and gravel of different grades. The two 
groundwater samples in the field were deemed unfit 
for drinking based on their total dissolved solids 
content but all the samples were found useful for 
irrigation. 

 

4.3 Land Use 
 
Land use dramatically determines the 

magnitude of the soil loss index (F) and overland 
flow (Q). Moreover, there are different types of land 
use due to the influence of various coefficients of 
run-off (c) and the percentage of rainfall entering 
the soil (A). The land use map was used to generate 
the area and run-off coefficient values. 

The map shows that the dense forest has the 
largest land use area in the watershed with 
247120.77 Ha while residential areas have the least 
with 70.57 Ha (see Fig. 4). 

 
4.4. Hydrology 

 
A hydrological analysis was used to understand 

the nature of the aquifer. This is necessary because 
the availability of groundwater in the alluvial zone 
is controlled by the thickness of the sand and clay 
zone. The groundwater near the surface is usually 
under free aquifer conditions while deeper waters 
are due to the z (depth) limited to confined aquifer 
conditions. It is important to note that rainfall is the 
primary source to replenish groundwater in the 
basin and the water level shows a deteriorating trend 
in some parts of the study area due to rapid 
urbanization and intensive pumping. Moreover, the 
average hydraulic gradient was found to be 0.35 
m/km and this means the formation near the surface 
of the watershed is porous. 

 

 
Fig. 4 Slope and C value classification 
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The water yield of the Rawas watershed in the 
form of river flow is strongly influenced by the rain 
input and the physical parameters of the watershed. 
It is important to note that the characteristics of each 
watershed usually lead to different water production 
at the same amount of rain input and vice versa. The 
daily rainfall in the Rawas watershed was mostly 
classified as 24.00 - < 46 mm/day with the highest 
being 78.18 - < 121 mm/day and the lowest being   
0 - < 18.91 mm/day.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Fig. 5 IDF graph (Talbot's method), design rain 
intensity I30 (minutes) for return period 2-100 years  
(Srikaton Station). Line graph number three is a 
count of rain intensity for 30 minutes (I30) 
 
4.5 Soil Erotion Estimation 

 
Critical land is one of the indicators of 

ecological and environmental damage. This is due 
to the fact that damaged land automatically has a 
reduced function and role. The amount of run-off 
and soil erosion analyzed for a period of  ten years 
(2010-2020) showed Fig.6, that the critical land in 
the Rawas watershed covers an area of 221,530,294 
Ha in the crucial category, 1,078,033 Ha in the 
introductory, 62,930, 110 Ha in the moderate, 
225,692,387 in potential critical and only 
72,587,452 Ha (6.31%) was found not to be critical 
(see Table 3). Moreover, the problem observed to 

be most prominent in the watershed is the damage 
to natural resources such as soil, water, and 
vegetation due to soil erosion, landslides, 
degradation of soil fertility, floods, and droughts. 

The general problems associated with the 
watershed environment were grouped into 4 (four) 
parts according to their respective specifications as 
follows: 
(1) Physiographic problems associated with the 
relief/mountainous and hilly topography as well as 
the steep slopes in the upstream area including the 
Kerinci Seblat National Park/Mount Kerinci. It was 
discovered that there is a lot of illegal forest clearing 
by residents in search of gold ore and this led to high 
erosions because the land in the hill area tends to be 
open. Moreover, the high rainfall in the area is 
causing an increase in surface run-off, low soil 
stability, an increase in surface erosion, reduced soil 
fertility, and a subsequent rapid decline in soil 
productivity. 
(2) Problems with the use of natural resources such 
as the destruction or burning of forests, shifting 
cultivation, grazing, illegal mining of uncontrolled 
gold ore, land clearing and conversion for oil palm 
plantations, and others are reducing the availability 
of water in the watershed area. 
(3) Problems with the final process or mechanisms 
such as erosion–high sedimentation, floods and 
droughts, water pollution, eutrophication, and 
others. 
(4) Socio-economic and population problems in the 
form of illiteracy, underdevelopment, poverty, lack 
of trained or skilled workers, status or property 
rights to land, lack of facilities and infrastructure, 
and others that are leading to poor land management. 

These four problems were observed to be 
interrelated. This is because the socioeconomic and 
development pressures are leading to an increase in 
population can eventually intensify the biophysical 
damage to the watershed (watershed criticality). A 
new problem also arose from these conditions in the 
form of spatial planning or land use and observed to 
be very common in Indonesia due to the usage of 
land without considering its ability.  

 
 
Table 3 Distribution and area of critical land in the sub-watershed 

 

Watershed 
Not 

Critical 
Critical 
Enough 

Critical 
Potential Critical 

Very 
Critical 

  Ha 
Upstream Rawas 32.425,75 8.978,37 92.323,00 42.300,16 149,12 

Downstream 
Rawas 10.167,39 38.065,97 35.219,01 142.394,57 444,25 

Rupit  29.965,82 15.846,26 98.022,09 36.756,51 484,67 
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Fig. 6 Slope classification and criticality level of rawas watershed due to land use change 
 
 
5. CONCLUSIONS 
 

The main characteristics of critical land are bare, 
arid, and even the appearance of rocks on the 
ground surface. The topography is also generally 
hilly or steeply sloped [23] and characterized by 
reeds vegetation with a relatively low soil pH 
estimated at 4.8-6.2. The largest area of critical land 
in the Rawas watershed was found to be dominated 
by Rawas Ulu and Muara Rupit sub-districts. It was 
further discovered that plantation and production 
forest space cover 8% - 25% slope and the area 
classified as critical, moderately critical, and 
potentially critical were also found in Rupit District 
on a hill of 8% - 25%.  

Moreover, the land allocation in the area is for 
food crop agriculture, production forests, and 
plantations in line with the direction of the South 
Sumatra Province Spatial Plan (RTRWP). The 
dominance of critical land in areas with slopes of 
8% - 25% and >45% indicates that the erosion 
caused by high rainfall in the upstream region and 
inappropriate land management is the leading cause 
of the critical lands found in the Rawas watershed. 
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