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ABSTRACT 

 
Critical land classification can be analyzed using 
Soil Thickness and BRLKT methods. Both 
methods need soil erosion data as one of input 
data. The soil erosion can be analyzed using 
USLE and MUSLE methods. Base on two critical 
land analyses methods with input soil erosion data 
analyzed using two methods will result in four 
combinations of critical land classification 
procedures. In this research, critical land 
classification and soil erosion classification were 
analyzed using GIS. The best method to classify 
critical land was investigated in this research, where 
the best classified critical land is the classified 
critical land result same with the field condition. 
Percentage of vegetation cover (PVC) is one of the 
most important input data in the critical land 
classification analysis using BRLKT method. This 
data has 50 of 100 total weights. To analyze this 
PVC classification, NDVI generated from satellite 
remote sensing data was employed in this 
research. From the four results of critical land 
classified using four procedures used in this 
research, critical land classified using BRLKT 
method with input soil erosion analyzed using USLE 
method produced the critical land classification 
same with the critical land condition in the field. 
 
Keywords: critical land, land erosion, GIS, satellite 

remote sensing data, NDVI 
 

INTRODUCTION 
 

Critical land is one of the most important data 
in land capability analysis, especially in watershed 
management (Prakash et al., 2007). There are 
many methods to analyze critical land, two of which 
are Soil Thickness (ST) and BRLKT (Badan 

Rehabilitasi Lahan dan Konservasi Tanah – Land 
Rehabilitation and Soil Conservation Agency) 
methods (Hardjowigeno, 2001). To classify the 
critical land using ST method, top soil thickness and 
soil erosion data are needed. The classification 
level of critical land is classified due to the 
combination of those values of input data. In the 
BRLKT critical land analysis method, soil erosion 
data is also one of input data. 

Soil erosion data can be analyzed using 
USLE (Universal Soil Loose Equation) and MUSLE 
(Modified Universal Soil Loose Equation) methods. 
USLE (Wischmeier and Smith, 1978) and its 
principle derivative predict the long-term average 
annual rate of erosion on a field slope based on 
rainfall pattern, soil type, topography, crop system, 
and management practice. This method is an 
erosion model to estimate average soil loss that 
would generally result from splash, sheet, and rill 
erosion from agriculture plots. The empirical model, 
USLE has been widely used as an erosion 
prediction technology for soil conservation, but it 
has limited application in other regions with 
different topographical and climatic conditions (Park 
et al., 2012). The magnitude of soil erosion depends 
on two forces – the detachment of soil particle by 
the impact of rainfall energy, called the erosivity of 
rain, and the ability of the soil to resist the 
detachment of its particles by this force, called the 
erodibility of soil (Ghanshyam, 2004).  In fact, the 
detachment of soil doesn’t affect only by the 
erosivity of rain but also affected by surface runoff. 
Therefore, the erosivity of rain factor in the USLE 
formula is replacing by surface runoff factor, and the 
model called MUSLE. By using the MUSLE 
formula, estimates sediment yield on per storm 
basis, instead of average soil erosion per year as 
done by the USLE. By using MUSLE model, the soil 
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erosion based on surface runoff data on the 
catchment area can be analyzed well. 

For BRLKT method, in addition to soil 
erosion data, percentage of vegetation cover 
(PVC), slope, and land management are needed as 
input data. BRLKT method was employed to 
analyze critical land condition in Indonesia from 
1988 after published by Ministry of Forestry 
(Anonymous, 1988). In this method, four inputs of 
data were needed in critical land analysis. The input 
data represent the percentage of vegetation cover 
(50%), slope (20%), soil erosion (20%), and land 
management (10%), where the biggest percentage 
was in PVC which scored 5, 4, 3, 2, and 1. If the 
land covered by vegetation is more than 80%, the 
PVC score is 5. The other categories of PVC 
condition are land covered by vegetation 61 – 80%, 
41 – 60%, 21 – 40%, and less equal than 20%. The 
score of each category are 4, 3, 2, and 1, 
respectively. 

Usually, PVC can be analyzed using land 
use map, aerial photo interpretation, and manual 
interpretation from satellite remote sensing data. 
Base on theoretical frame, PVC interpreted from 
aerial photo has the highest precision result 
(Satofuka et al., 2006). This method needs 
availability of aerial photograph periodically, and 
the interpretation process is costly and time-
consuming. Satellite remote sensing data is one 
of digital data which can be use to analyze land 
cover condition including vegetation cover. PVC 
is estimated using NDVI (Normalized Difference 
Vegetation Index). NDVI is the ratio between 
digital value (DV) of near infra red band and DV 
of red band (Morawitz et al., 2006). The value of 
NDVI ratio is represented as the PVC (Morawitz 
et al., 2006, Tittebrand et al., 2009). Because of 
all of the data used on the soil erosion and critical 
land analyses were spatial data, Geographic 
Information Systems (GIS) would be used as tool 
in the analyses process in this research. Each 
data is represented by layer, and analysis was 
done by overlapping layer by layer. 

From this research, four classified critical 
lands and maps could be produced by four 
procedures of critical land classification. The four 
procedures of critical land classification are: 

1. Critical land analyzed using ST with soil 
erosion generated by USLE method. 

2. Critical land analyzed using ST with soil 
erosion generated by MUSLE method. 

3. Critical land analyzed using BRLKT with soil 
erosion generated by USLE method. 

4. Critical land analyzed using BRLKT with soil 
erosion generated by MUSLE method. 
Based on research background as described 

above, the purposes of this research can be defined 
as follows:  

1. To find out the effectiveness of NDVI as 
input data to analyze the critical land.  

2. To understand how to analyze critical land 
using ST and BRLKT methods based on 
GIS.  

3. To find out the best method to classify 
critical land from four procedures of critical 
land classification analyses donein this 
research.  

 
MATERIALS AND METHODS 

 
The research was done in Lesti watershed 

(63,750 km2). This watershed is located in Southern 
part of East Java Province, Indonesia. Lesti 
watershed was divided into three sub basins, 
namely Lesti Hulu sub basin, Lesti Hilir sub basin, 
and Genteng sub basin. The outlet of Lesti 
watershed is Sengguruh dam, which is as cover 
dam of Sutami reservoir (Harianto, 2007). Because 
of high soil erosion rate from Lesti watershed, 
Sengguruh cover dam is necessary to protect the 
sedimentation on Sutami reservoir. The topogra-
phic conditions are from flat land until hilly area with 
slope from 0% until more than 45%. Six soil types 
were found in the research area. There were 11 
rainfall stations used in this research. These rainfall 
stations were distributed in the whole area of Lesti 
watershed. The illustration of the Lesti watershed 
condition is shown in Figure 1.  

The materials used in this research are as 
follows: 

1. Indonesian Topographic Map in scale 
1:25,000 for 15 sheets. 

2. SPOT satellite Remote Sensing data with path 
and row numbers from297 - 366 and 
acquisition date on July 16, 2009. 

3. Soil type map in scale 1:100,000 
4. Soil thickness map in scale 1:100,000 
5. Daily rainfall intensity data from 11 rainfall 

stations in 10 years (2000 – 2009) 
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Remarks: 

 
 
 
 

Figure 1. Soil erosion map USLE 
 
 
As mentioned, the soil erosion was 

analyzed using USLE and MUSLE methods. 
Those soil equations can be shown in equation 1 
and 2, respectively: 

 
E = R x L x S x K x C x P (1) 
E = Rw x K x L x SxC x P (2) 
 
Where: 

E = Estimated gross soil erosion 
(ton/ha/yr) 

K = Soil erodibility factor 
R = Rainfall erosivity factor  
C = Crop management factor 
L = Slope length factor 
P = Conservation practice factor 
S = Slope gradient factor  
Rw = Surface runoff erosivity 

 

w=9.05 (Vo.Qp)
0.56 

Vo=Ra .e
(-Rc

Ro)⁄
 

Rc=1,000 .Ms.ρb.RD.(
Et

Eo
)

0,50

 

 
Ro=Ra/Rn 

 
Where: 

Vo = Surface runoff volume (m3) 
Ms = Field capacity soil moisture (%) 

Qp
  

= Peak discharge (m3/sec.) 

ρb = Specific weight top soil (mg/m3) 
Ra = Sum of monthly rainfall 
RD = Effective deep of root (m) 
Rc = Soil moisture capacity 
Et/Eo = Ratio of actual (Et) and potential 

(Eto) Evapotranspirations 

 
Table 1. Critical Land Using ST Method 

 
Remarks: VL = Very Light, L = Light, M = Medium, H 

= Heavy, VH = Very Heavy 
 

Critical land analyses were done by ST and 
BRLKT methods. The critical land classified using 
ST method need top soil thickness and soil 
erosion data. With the combination of those two 
data, the critical land could be classified. The 
combination pattern of those two data to classify 
the critical land can be seen in Table 1. From the 
Table, it can be seen that if soil thickness is 61 – 

15 < E 15 <= E <= 60 60 < E <= 180

180 < E <= 480 E > 480
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90 cm and soil erosion is 61 – 180 ton/ha/year 
(level III), the land could be classified into heavy 
(H) condition of critical land. The critical land 
condition in Lesti watershed was classified in the 
same way. The second method used to analyze 
critical land condition was BRLKT method. The 
parameters of this method involve PVC, soil 
erosion, slope, and land management. Each 
parameter was 50, 20, 20, and 10, respectively. 
Based on each parameter condition, scoring was 
given to each parameter. Parameters and scores 
to analyze critical land using BRLKT method are 
shown in Table 2. Score of each parameter could 
be calculated by timing weight and score of each 
parameter. The total score results from sum of 
score of each parameter. The critical land of Lesti 
watershed was classified based on the criteria 
shown in Table 3. For example, if the land has 
PVC which is in a good condition, land scores 50 
x 4 = 200. The score for other parameters can be 
calculated in a similar way. By assuming of score 
from each parameter, the total score can be 
calculated. When the total score of analyzed 
critical land is 150, the land is categorized as very 
critical land level. 

From Table 2, it can be seen that the most 
prominent weight of parameters to analyze critical 
land using BRLKT method is PVC. It is very 
difficult to analyze PVC using manual method, 
such as interpretation of land use map, 
interpretation aerial photograph, and 
classification obtained from satellite remote 
sensing data according to manual procedure. 
Therefore, in this research the NDVI was used to 
predict PVC. NDVI had value from -1 to 1, where 
the absolute value was used in this research, 
meaning that the NDVI value ranged from 0 to 1 
(Suharyanto et al., 2009). Zero means that area 
is not covered by vegetation, and 1 means that 
area was covered 100% by vegetation 
(Nakagawa et al., 2007). Based on the NDVI 
value, the classification of PVC as shown in Table 
2 was predicted. The prediction method is using 
the following assumption. PVC less than 20% is 
equal to the NDVI value less than 0.2, PVC 
between 21 – 40% is equal to 0.21 <NDVI < 0.4, 
PVC 41 – 60% is equal to 0.41 <NDVI < 0.6, PVC 
61 – 80% is equal to 0.61 <NDVI < 0.8, and PVC 
more than 80% is equal to NDVI value more than 
0.8. By using this prediction method, the PVC 
condition of Lesti watershed can be classified. 
 
 

Table 2. Critical land using BRLKT Method  

 
  

Table 3. Critical land score 

No. Critical Land Level Total Score 
1 Very Critical 120 - 180 
2 Critical 181 - 270 
3 Rather Critical 271 - 360 
4 Potential to Critical 361 - 450 
5 Not Critical > 450 

 
Soil erosion and critical land can be time-

consuming and costly when analyzed using 
manual method (Suharyanto, 2008). By looking at 
the parameters needed to analyze soil erosion 
and critical land, it can be concluded that all 
parameters referred to spatial data. From this 
characteristic, GIS was applied to run the soil 
erosion and critical land analyses. Consequently, 
layers for each parameter had to be developed. 
On the soil erosion analysis, layers R, Rw, LS, K, 
and CP were developed and overlaid. To 
calculate the value of soil erosion (E) geo-
statistical method was applied (Ozcan et al., 
2008). The critical land analyzed using ST 
method was done by overlaid soil thickness layer 
and soil erosion level layer. Base on combination 
value of top soil thickness and soil erosion data 
as shown in Table 1, the critical land of Lesti 
watershed was classified. The other critical land 
was classified using BRLKT method. PVC, soil 
erosion, slopes, and land management layers were 
developed based on the GIS rule. By overlapping 
all layers, the total score of each unit map can 
found. Base on the total score result, the critical 
land of Lesti watershed was classified follows the 
total scores as shown in Table 3. 
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RESULTS AND DISCUSSION 
 

Lesti watershed is located in southern part 
of Malang Regency, East Java Province, 
Indonesia. The watershed boundary was 
determined using topographic map. After the 
boundary of Lesti watershed was decided, the 
soil erosion was analyzed. Rainfall erosivity factor 
was analyzed based on the 11 rainfall stations 
with 10 year daily rainfall data from 2000 to 2009. 
The unit map of rainfall erosivity factor was 
Thiessen polygon, which was obtained from 11 
rainfall stations. The slope length and slope 
gradient factors were analyzed altogether as a 
topographic factor (Rodríquez and Suárez, 
2010).  

This layer was developed by classifying 
slope based on contour data with class interval as 
shown in Table 2. Layer soil erodibility was 
developed according to the soil type map. The 
crop management and conservation practice 
were combined as one factor, namely land 
management factor. The attribute of this layer 
was analyzed based on the land cover map 
obtained from SPOT data. When spatial and 
attribute data of all parameters of USLE method 
wereready, the over laid processing through the 
GIS rule was carried out. By using geo-statistical 
process, the classified soil erosion level data and 
map could be found as shown in Table 4 and 
Figure 1.The same way was done for calculating 
the soil erosion using MUSLE method. The unit 
map to calculate of surface runoff erosivity (Rw) 
was sub basin of Lesti watershed. After 
overlapping all layers, the soil erosion classified 
using MUSLE method on Lesti watershed could 
be obtained as shown in Table 4. From this Table, 
it can be seen that soil erosion calculated with 
USLE had different result from that of MUSLE 
methods. Both soil erosion data calculated using 
USLE and MUSLE methods are used as input 
data for calculating the critical land using ST and 
BRLKT methods. From Table 4 it can be seen 
that soil erosion evaluated using MUSLEwas 
spread evenly for each level. Almost each level of 
critical land classification occupied 20% of Lesti 
watershed area. Only 12% of Lesti watershed 
area was classified into very heavy level. On the 
other hand, using USLE almost area of Lesti 
watershed was classified into very light and light 
level. More or less, 45% of Lesti watershed area 
was classified into very light level and approximately 
35% was classified into light level. Only 8.5% of 

Lesti watershed area was classified into heavy and 
very heavy levels. However, the effect of these 
classified soil erosion to the critical land analysis will 
be investigated. 

 
Table 4.Soil erosion level 

Soil Erosion 
Level 

Estimated 
Soil Erosion 
(ton/ha/year) 

Percentage Area 

USLE MUSLE 

Very Light < 15 45.704 20.921 
Light 15 – 60 34.164 22.874 
Medium 61 – 180 11.729 21.938 
Heavy 181 – 480 6.731 22.227 
Very Heavy > 480 1.673 12.040 

 
Critical land level was classified using ST 

and BRLKT methods. For ST method, soil 
thickness and soil erosion level layers were 
overlaid. According to the combination pattern 
shown in Table 1, critical land of Lesti watershed 
was classified. The first procedure was done by 
overlaying soil thickness layer and soil erosion 
layer analyzed using USLE method. The unit map 
attributed as combination of soil thickness and 
soil erosion data was obtained. Unit map with the 
attribute of soil thickness more than 90 cm and 
soil erosion between 61–180 ton/ha/year was 
classified into medium (M) class of critical land. 
By looking the attribute of all units map, and 
based on Table 1 criteria, the critical land of Lesti 
watershed was classified. For example, if the unit 
map have attribute of soil thickness is between 61 
– 90 cm and attribute of soil erosion is more than 
480 ton/ha./year, than the unit map was classified 
into very heavy critical land (VH).  

The percentage of area of each critical land 
class classified using first procedure is shown in 
Table 5 column 2. By the same way, the critical land 
classified using ST method with soil erosion 
analyzed using MUSLE method (second 
procedure) was done. The classification result was 
shown in Table 5 column 3. Therefore, there were 
two results of critical land classified using ST 
method as shown in Table 5 column 2 and 3: (1) 
critical land classified with soil erosion using USLE 
and (2) critical land classified using MUSLE. The 
next critical land was classified using BRLKT 
method. Four layers were developed in this 
process. First layer is PVC developed based on the 
NDVI analysis result. Second layer is soil erosion 
level developed based on the USLE and MUSLE 
soil erosion analyses. Third layer is slope developed 
based on the topographic map.  
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Table 5.Critical land of Lesti watershed 

 

The last or fourth layer is land management 
developed based on land cover map and land 
management statistical data of Lesti watershed. 
Land cover was classified using unsupervised 
classification method with maximum distance 
classification (Mather, 1987). The developed four 
layers were overlaid, and due to the criteria 
shown in Table 2, the total score was calculated 
using geo-statistical method. Critical land of Lesti 
watershed was classified due to classification 
criteria shown in Table 3 based in the total score. 
Two critical land classifications were found from the 
BRLKT analysis involving (1) critical land 
classification with soil erosion data input analyzed 
using USLE and (2) critical land classification with 
soil erosion data input analyzed using MUSLE. The 
critical land classified using BRLKT is shown in 
Table 5. Figure 2 shows critical land map 
classified using BRLKT method with soil erosion 
input analyzed using USLE. From Table 5, the 
distribution pattern level of critical land classified 
using ST method is similar with distribution pattern 
of soil erosion level. This similarity of distribution 
pattern occurred because only two parameters 
which were used to classify the critical land used ST 
method. Those parameters are soil thickness and 
soil erosion level. 

Critical land classified using BRLKT 
method with soil erosion analyzed using USLE 
and MUSLE as one of input data had different 
distribution pattern result. With soil erosion 
calculated using USLE as input data, the biggest 
area of critical land in Lesti watershed was rather 
critical with an area comprising 40.487% of total 
area. With soil erosion calculated using MUSLE 
as one of input data, the biggest area of critical 
land in Lesti watershed was critical with an area 
comprising 56.682% of total area. As listed in 
Table 5, there was no land classified into not 
critical category in critical land analysis using 
BRLKT with soil erosion input data calculated 

using MUSLE. The same case, only 0.171% of 
Lesti watershed land was classified into potential 
to critical category. Therefore, in this research the 
best result of the classified critical land level using 
ST and BRLKT methods should be investigated. 
Here, the best result means the classified critical 
land level is nearest with the ground condition.  

To find out the best method of critical land 
classification, 25 locations were selected as 
samples for ground check. Five samples for each 
critical land level were selected. The geographic 
coordinate of sample was measured using hand 
held GPS (Geodetic Positioning Systems). By 
comparing between the critical land condition 
observed from ground check and critical land from 
classification result on the same area for each 
sample, the checked off or agreement of critical land 
condition could be obtained. The best method of 
critical land classification procedure was selected 
for the procedure those have highest number 
agreement of classified critical land and sampling 
data from ground check. 

From the agreements between critical 
lands categories were found from ground check 
and from the classification result, the highest 
agreement is critical land classified using BRLKT 
method with soil erosion input data analyzed 
using USLE.The agreement is 92%, it mean two 
samples only it was not agreed from the 25 
samples. From this agreement it can be 
concluded that PVC generated from NDVI value 
can be used as input data in critical land analysis 
using BRLKT method. The PVC data is very 
important, because those data have weight 50 
from 100 total weights. From this result it can be 
recommended that critical land analysis using 
BRLKT method with soil erosion analyzed using 
USLE can be used in Indonesia. 

In this research, all parameters of critical 
land analysis such as rainfall erosivity, slope, soil 
erodibility, landcover, PVC, soil erosion were 
stored layer by layer in GIS format. The formatted 
data were both in spatial and attribute formats. 
Therefore, if one or more parameter data 
changes only data relating with the layer will 
change. Critical land could be classified again by 
overlapping related layer using GIS process with 
the one or more new layer data. This 
classification process is very effective and 
efficient.                        
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Remarks: 

 

Figure 2.Critical land was classified using BRLKT with USLE soil erosion 
 
 

CONCLUSIONS 
 

Percentage of Vegetation Cover (PVC) 
data is one as important input data in the critical 
land analysis using BRLKT method. This data 
was classified based on NDVI data obtained from 
SPOT satellite remote sensing data. The 
classified critical land using BRLKT method with 
soil erosion input data classified using USLE had 
92% agreement with ground check data. 
Therefore, it can be concluded that PVC 
classified based on NDVI is effective as input 
data to analyze the critical land. 

All parameters data used in the critical land 
analyses were stored in GIS format. Both spatial 
and attribute data were stored layer by layer for 
each parameter.  The critical land analysis could be 
done by only overlapping the layers relating to the 
parameters needed. After overlapping process, 
critical land was classified using geo-statistical 
process. This classification process is fast and 
precise. Based on the critical land classification 
process using GIS procedure, it can be concluded 
that the procedure in analyzing critical land using ST 
and BRLKT through the GIS rule is proven very 
effective and efficient. 

The accuracy of classified critical land using 
ST and BRLKT methods was estimated by 
comparing with the field condition observed by 
ground check. Critical land level classified using 
BRLKT method with soil erosion input data 
classified using USLE had 8% disagreement. From 
this result, it can be concluded that the highest 
accuracy of classified critical land from four 
classified critical lands produced in this research 
was found in critical land classified using BRLKT 
method with soil erosion generated from USLE. 
Therefore, it is recommended that BRLKT critical 
land classification method with soil erosion 
analyzed using USLE as one of input data should 
be used to classify critical land in watershed area in 
Indonesia. 
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