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Abstract

The research aims at studying the absolute accuracy of the erosion model of DEM-NDVT and its modification
(DEM-MSAVI, DEM-SAVI, DEM-TSAVI, and DEM-TVI). Methods applied were by analysing various
vegetation indices (NDVI, MSAVI, SAVI, TSAVI, and TVI) of Landsat 7 ETM* data, while Digital Elevation
Maodel was analysed using contour line. Erosion rate within the watershed (Emodzy) then were calculated. The
results of Eyqq4. then were compared to the actual erosion (Eacna). The results show that 3 Epnsgq (DEM-NDVI,
DEM-TSAVI and DEM-TVI) have the high correlation with Eacua (the r-value are > 0.80), while 2 Epoga
(DEM-MSAVI and DEM-SAVI) have low correlation, 0.62 and 0.73 respectively. Only Epmeder of DEM-TVI,
reached the absolute accuracy of = 80% (ie. 95.47%), while the original model (DEM-NDVI) only 55.39%.
The result also revealed that modification resulted in the higher absolute accuracy, as from 55.39% to

69.12% (DEM-MSAVI), to 65.88% (DEM-SAVI), to 64.90% (DEM-TSAVI), and to 95.47% (DEM-TVI).

1. Introduction

One of the global environmental problems that we
are facing is the degraded land (Sulistyo, 2011,
Bohre and Chaubey 2014, Sulistyo, 2015 and
Sulistyo, 2016). Land degradation may be defined
as the loss of utility or potential utility or the
reduction, loss or change of features or organisms
which can be replaced (Barrow, 1991). In Indonesia,
degraded land mostly affected by the water erosion
duc to the high amount and intensity of rainfall
(Abdurachman and Sutono, 2002). The rate of
degraded land is increasing and increasing while the
rate to handle it is very slow. The damage of natural
resources in Indonesia is due to all commodities are
exploited without regarding well their carrying
capacity (Kartodihardjo, 2008). The effort to
conserve and rehabilitate the degraded land can be
conducted well when objective information and
their distribution can be fully identified and mapped
(Tarigan, 2012 and Gibbs and Salmon, 2015). One
data required to create a map of the degraded land is
the erosion data.

Mostly, erosion data is predicted using a model
because to obtain actual erosion is timely, costly and
labour intensive. Universal Soil Loss Equation
(USLE) is one of the existing erosion model applied
worldwide (Sulistyo, 2011). USLE requires erosion
factors such as rainfall erosivity (R}, soil erodibility
(K), slope length and steepness (LS), cover and
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management (C), and support practice (P)
(Wischmeier and Smith, 1978).

However, at some places where the availability
data is less and lacking, one start trying to apply the
simpler model of crosion called DEM-NDVI (other
researchers mention it as Esp, NDVI-Slope or Honda
model). Honda et al,, (1996) and Hazarika and
Honda (1999) developed and applicd DEM-NDVI
to predict soil erosion rate based on DEM and
remotely sensed data, especially Normalized
Difference Vegetation Index (NDVI) at Siwalik
Watershed in Nepal and Mae Ao Waltershed in
Thailand. Those two parameters are correlated to the
actual erosion collected in the field, such that
erosion rate can be predicted when vegetation
density and slope at watershed changes. The method
is interesting because it only requires view
parameters and it can be applied in hilly areas
having a variety of topography. The equations are
(Honda et al., 1996 and Hazarika and Honda, 1999):

E= Ezo * (S / Sso)o'g
Equation 1

Esp = Exp ((('log Ega_min = log Eso_m ) / (NDVIM -
NDVILpin) Y (NDVI — NDVIpin) + log Esg max)

Equation 2
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where, TSAVI=7y(NIR—yR-b)/(yNIR+R+yb+X
E = the rate of soil erosion (mm/year) (1L+9%)

E3o = average of soil erosion on the slope of 30° Equation 6
E3o i = minimum soil erosion on the slope of 30°

E30 max = maximum soil erosion on the slope of 30° MSAVI=NIR + ¢ — ¥ ((NIR + c)* — 2 (NIR - R))

S =slope
S3¢ = tangent of 30°=0.5774 Equation 7
ND VI = minimum value of NDVI where:
NDVIne = maximum value of NDVI X = noise soil, i.e. 0.08
Exp = Exponent v = slope of soil line, i.e. 1.05
log = logarithmic function b = coefficient value, i.e. 0.044
¢ = coefficient value to reduce the variation of soil
The NDVI can be extracted from satellite data to calibration, 1.e. 0.5
know the landcover information according to its
density, and formulated as (Silleos et al., 2006): NDVI is a vegetation index most widely applied in
medeling. De Jong (1994), De Jong et al., (1999),
NDVI={NIR - R)/(NIR + R) Lin et al, (2002, 2006), Van der Knijff et al,

(2002), Suriyaprasit (2008), Karaburun (2010) and
Equation 3 Sulistyo (2016) utilized NDVI to map C factor as
one input for erosion modeling, by using regression
where NIR is the near infrared band and Risthered  analysis between NDVI values with the value of C
band. factor measured in the ficld. McFarland and van
Riper (2013) used NDVI to create habitat models to
Many researcher have applied those erosion model, predict breeding birds on the San Pedro River in
such as in Indonesia (Arsy, 2008, Gunawan et al., Arizona. Leon et al, (2012} applied NDVI on
2011, Wibowo et al., 2012 and Trisakti, 2014), in modeling of post-wildfire vegetation response as a
Sri Lanka (Udayakumara et al, 2010 and function of environmental conditions and pre-fire
Jayawardana et al., 2015) and in India (Bagyaraj et restoration treatments. Onyango (2015) employed
al., 2014). Unfortunately, they applied only to NDVI to map grassland and biomass estimation in
calculate the rate of erosion without any further The Masai Mara Ecosystem, Kenya. While, Usman
validation. Therefore, the result is only got the et al., (2013), arranged model relationship between
relative accuracy. Only Trisakti (2014) has NDVI and climatic variables using Geographically
conducted validation although he didn’t measure the Weighted Regression.
actual erosion. He validated the generated soil Although it is not as much as the use of NDVI in
erosion rates in the watershed by comparing the modeling, the utilisation of vegetation indices other
change of the soil erosion rate to the change of  than NDVI, also has already widely applied in
surface runoff coefficient. The results showed that modeling. Kandwal et al., (2009) used twenty-nine
the soil erosion rate in the watershed had an different vegetation indices in discriminating
increasing trend, which was consistent with the invasive species of ‘Lantana’ and they found that
increasing trend of surface runoff coefficient during SAVI is the most favorable. Sulistyo et al., (2011)
2009-2012 periods. used 10 (ten, apart from NDVI) vegetation indices
Silleos et al, (2006) have published the of remotely-sensed data, namely ARVI, MSAVI,
development of modification as from the original of TVI, VIF, TSAVI, SAVI, EVI, RVI, DVI and PVI
NDVI to other vegetation indices. Some other for C factor mapping derived from remotely sensed

vegetation indices equations are: data, and found that vegetation indices that account
for soil background (SAVI, MSAVI and TSAVI)
TVI= Y((NIR—R)/(NIR +))+ 0.5 resulted in relatively higher accuracy compared to

those vegetation indices neglecting soil background.

Equation 4 A similar conclusion has also been gained when

Sulistyo et al., (2013) applied vegetation indices to

SAVI =(NIR — R)*{1 + 0.5)/( NIR + R + 0.5) model the percentage of canopy cover. Amiri et al.,
(2012) used vegetation indices to identify invasive

Equation 5 species in Vazroud Rangelands, Iran, and they

concluded that NDVI, RVI, TVI and NRVI were the

most suitable indices for the discrimination of

Cirsium arvense species, while the best indices for
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the Stachys byzanthine species were DVI, NDVI,
PVI 1, PVI 2, RVI and WDVI, Of all the indices
analysed, DVI and WDVI were able to discriminate
both species but with varying degrees of separation.
The latest one, Sulistyo (2017) applied various
vegetation indices of satellite Landsat Thematic
Mapper to delineate the outer boundary of coral reef
area in Enggano Island, the District of North
Bengkulu, Bengkulu Province, Indonesia. The
research revealed that the accuracy of NDVI was
only 66.42%, while SAVI, TSAVI, MSAVI and
TVI were 73.33%, 74.22%, 77.32 % and 77.33%
respectively.

The research was aim at studying the absolute
accuracy of erosion model of DEM-NDVI and its
modification, Absolute accuracy is a mcasure to
know how accurate the results of erosion model
when it is compared to the actual erosion. While its
modification means that utilisation of other
vegetation indices and not just the NDVI, i.e. DEM-
MSAVI, DEM-SAVI, DEM-TSAVI, and DEM-
TVL

2. Study Area

This research is the part (and continuation} of grand
research dealing with the fully raster-based
degraded land modeling, such that data, hardware,
software, research area and methods were partly
similar to those research previously done (Sulistyo
et al., 2009, Sulistyo, 2011, Sulistyo et al., 2011,
Sulistyo et al., 2013, Sulistyo, 2015 and Sulistyo,
2016). Research area was located in Merawu
watershed lies between 109.69° — 109.84° E and
7.17° — 7.37° 8, administratively located in
Banjarmegara district, Central Java Province,

Indonesia, covers + 22.734 hectares. Among the
watersheds in the area, Merawu watershed resulted
in the most of the sediment yield to Sudirman
Reservoir (11 mm/year) (PT. Indonesia Power,
2009) Figure 1.

3. Data and Methods

Data required for this research were: topographical
map; monthly data/report on sediment yield in
watershed outlet during 17 months (March 2004 to
May 2006); remotely-sensed data of Landsat 7
ETM* recorded on 21 May 2003 and on 20 June
2006; other data and reports which support the
activity. To analyse those data, two GIS softwares
were used: ILWIS version 3.4 and Arc/View version
3.5. Meanwhile, some hardwares were also required
consisting: equipment used for field work such as:
binoculars, compass, GPS, and digital camera.
Flow diagram of the study is presented in Figure 2.
The research steps consisting of:

1. Analysis of Landsat 7 ETM"* data. Analysis of
Landsat 7 ETM* data can be broken down into two
parts, those are rectification (correction) and
restoration. Some errors that must be corrected are
geometric and radiometric or atmospheric.
Radiometric correction is done wusing simple
radiometric correction based on subtraction of
minimum values of the histogram for each band.
Then, conversion from reflectance value into the
radiance value is applied by considering Lma. dan
Lin that can be obtained in the metadata. Geometric
correction is done by relating pair of coordinates
derived from image and topographic map.
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Figure 1: Location of thé study
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Figure 2: Flow diagram of the study

2. Determination of multiplication / correction
factor used to compute monthly vegetation indices.
To calculate and interpolate monthly vegetation
index, multiplication / correction factor are required
because we use only 2 images, while to do the
analyses we need monthly data in between the two.
This research used multiplication / correction factor
as resulted by Sulistyo et al., (2009), with little
modification needed, as presented in Table 1.

Table 1: Multiplication / Correction factors for
computing monthly vegetation indices (modified
from Sulistyo et al., 2009)

No Month Multiplication /
Correction Factor
1 | May-06 0.996302
2 | April-06 0.992604
3 | March-06 0.988906
4 | Sept-05 0.966717
5 | August-03 0.963019
6 | July-05 0.559321
7 | June-05 0.955623
8 | May-05 0.951925
9 | April-05 0.948227
10 | March-05 0.944529
11 | Sept-04 0.522341
12 | Aupust-04 0.918643
13 | July-04 0.914944
14 | June-04 0.911246
15 | May-04 0.907548
16 | April-04 0.903850
17 | March-04 0.900152

3. Analysis of monthly vegetation indices can be
calculated by applying the equations (3), (4), (5), (6)
and (7).

4. DEM and Slope Analysis. DEM Analysis is
initiated by performing rasterization of contour
lines, followed by height interpolation and finally
produce DEM. From DEM data then can be derived
slope gradient data (S).

5. As input, the value of the average rate of erosion,
their maximum and their minimum value at the
slope of 30° (Esg max 8nd Eag min) were used data
resulted from previous research using model erosion
of USLE (Sulistyo et al., 2009).

6. Calculate the erosion model of DEM-NDVI by
using equation (2) and then also calculate the
erosion using modified model as follow:

Erosion Model of DEM-TVI:

Eso = Exp (({log Eao min — 108 E3g mas) / (TVImax —
TV (TVI — TVILi) + log Eso_man)

Equation 8
Erosion Model of DEM-SAVI:

Ex = Exp (((log E3p_min — log E30 max) / (SAVImax —
SAVInin)y*(SAVI — SAVInin) + 1og E3o_max)

Equation 9

Erosion Model of DEM-TSAVTI:
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Ese = Exp (((log Esomin — log Esomax) / (TSAVImx —
TSAVImin))*(TSAVI — TSAVImin) + log E3o_max)

Equation 10
Erosion Model of DEM-MSAVI:

Es0 = Exp (((log Eso min — log Es0 max ) / (MSAVInex —
MBSAVInin))*(MSAVI - MSAVInin) + log E3p mex)

Equation 11

7. Comparison Analysis among Emogel and Eaceya.
By using coefficient of correlation analysis as
(Gordon et al., 1992):

= (0 Zxy - (Zx) @y)) / (n 2x* - &x) (0 Iy* -
Ey) 1%

Equaiton 12

where:

r = coefficient of correlation

n = number of population (17)

v = dependent variable, ie. the actual erosion

The average overall of accuracy is calculated by
summing up all accuracies divided by the number of
samples. Emogs is said to be “good” when its
coefficient of correlation (r) is > 0.8 and its absolute
accuracy is > 80%.

4. Results and Discussion

4.1 The Result of Monthly Vegetation Indices

There were eighty-five (85) map of monthly
vegetation indices resulted after applying the
equations (3}, (4), (5), (6) and (7). Five maps of
them, for the month of June 2006, are presented in
Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7,
while their area for each vegetation index in the
study area are presented in Table 2. From Table 2 it
can be inferred that the area of each interval class of
vegetation index value is different according to
vegetation index used. It is also true for their
distribution, though it is very difficult to clearly
differentiate due to the limited scale. From the maps
we can see that high vegetation index wvalue
dominates in Batur district, suggesting that this area
is fully used for intensively agricultural activities.
High vegetation index value also sporadically
occurred in all areas. List of the minimum and

(Bactuat) maximum values for each ve ion i i

. , . . , getation index is

= mﬁgendiglmable’)l'e‘ the predicted erosion presented in Table 3. These values will be used as
ing (Enodel

By using a direct comparison to get the absolute
accuracy:

Absolute Accuracy (%)= 100 —
(Absclute Difference /Average) x 100%

Equation 13

Absolute Difference = | Emodel - Escual |
Average = 0.5 X (Emodel — Bactual)

one of the inputs to calculate erosion.

4.2 The Result of DEM and Slope

Interpolated contour, commonly referred to as an
elevation image as a base for DEM data, in the
Merawu catchment comprises elevation between
29894 m and 2,200.00 meters above sea level.
More than half of the Merawu catchment located at
an elevation higher than 1,059.33 meters above sea
level. The total area of the Merawu catchment
according to its elevation are presented in Table 4.

Table 2: Arca of vegetation index value in Merawu catchment (in hectares)

No | Vegetation Interval class of vegetation index value Total
Index -0.31 —0.02 0.02-0.36 0.36-0.69 0.69-1.03 1.03-1.36
1 | MSAVI 324 329.76 3,870.63 18,527.85 0.00 22,731.48
2 | NDVI 6.84 1,328.57 11,263.38 10,101.69 0.00 22,731.48
3 | SAVI 5.94 432.18 2,289.15 9,783.27 10,220.94 22,731.48
4 | TSAVI 12.96 1,430.46 11,401.56 9,886.50 0.00 22,731.48
5 | TVI 0.00 0.00 0.99 5,146.92 17,583.57 22,731.48
Table 3: The minimum and maximum values for cach vegetation index
NDVI MSAVI SAVI TSAVI TVI
Mazimum Value Index 1.000 0.950 1.357 0.904 1.185
Minimum Value Index -0.160 -0.305 -0.199 -0.165 0.606
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Table 4: Area of elevation value in Merawu catchment

No Elevation (m asl) Hectare %
1 298.94 - 679.00 2,812.59 12.37
2. 679.00 - 1,059.33 7,056.63 31.04
3. 1,059.33 - 1,439.56 8,016.84 35.27
4 1,439.56 - 1,819.44 4,085.73 17.97
5 1,819.44 —2,200.00 759.69 3.34
22,731.48 | 100.00
Table 5: Area of slope in Merawu catchment
No Slope Interval (%) Hectare %
1 Slope < 8% 3,689,73 16.2
2, 8% < Slope < 15% 4,229.91 18.6
3. 15% < Slope <25% 542358 | 239
4 25% < Slope < 40% 4,647,24 20.4
5 2 40% 4,741,02 20.9
22,731.48 | 100.00
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Figure 10: The actual, estimated erosion and the result of comparison analysis

The slopes along with the slope length are the two according to the slope is presented in Table 5. Table
main characteristics of the topography that affect 5 shows that the Merawu catchment only had flat
erosion (Suripin, 2004). The steeper slopes and, in areas {<8%) covering an area of 3,690 hectares
addition, the more in length, the greater the speed of  (16.2%), while the rest is a region with undulating,
runoff and erosion. When we connect this fact with hilly and even steeper, so that the Merawu
a bare slope, then this is the easiest to erosion terms catchment, when viewed from the slope aspect, has
of the topography, because the speed of the water a great chance of erosion. Maps of DEM and Map
flow over the surface can easily erode the topsoil. of Slope within the location of the study are
One of the results derived from DEM is the presented in Figure 8 and Figure 9.

image of the slope (8). After reclassifying into 5

classes, the total area of the Merawu catchment
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4.3 The Absolute Accuracy of DEM-NDVI and

Its Modification

The results of the actual erosion (Eams), erosion
model of DEM-NDVI, DEM-MSAVI, DEM-SAVI,
DEM-TSAVI, and DEM-TVI (Emo), and the
comparison analysis is presented in Table 6, while
its graphical form is in Figure 10.

Table 6 and Figure 10 show that all erosion
models using 3 vegetation indices (DEM-NDVI,
DEM-TSAVI and DEM-TVI) had the high
correlation with Eacnw (the value of coefficient of
correlation is > 0.80), while DEM-MSAVI and
DEM-SAVI have low correlation, 0.62 and 0.73
respectively. In terms of their absolute accuracy,
only erosion model of DEM-TVI, reached the
threshold value of > 80%, which was 95.47%, while
the original model (DEM-NDVI) only got 55.39%.
The result of the absolute accuracy also revealed
that modification of vegetation index as from its
original (NDVT) to its modification (SAVI, MSAVI,
TSAVI and TVI) resulted in higher absolute
accuracy, as from 55.39% to 69.12% (MSAVI), to
65.88% (SAVT), to 64.90% (TSAVI), and to 95.47%
(TVI). The results from this study indicate that the
use of modeling by utilising non-NDVI has a
tendency to produce a better accuracy compared
with just using NDVI. These results are in line with
results from other studies that utilise non-NDVI in
modeling (Kandwal et al, 2009, Sulistyo, 2011,
Sulistyo et al,, 2011, Amiri et al., 2012, Sulistyo et
al., 2013 and Sulistyo, 2017).

The low in their absolute accuracy may happen
because the model has neglected the real other
factors of occurrence of the erosion; those are
climate (rainfall), soil type and management. Those
factors have already considered on the erosion
model of USLE but not in the erosion model of
DEM-NDVI and its modification. Erosion model of
DEM-NDVI was originally developed at the small
size of the watershed, around 1.000 hectares, where
the effect of variety on rainfall and soil type can be
assumed as similar. In the other hand, Merawu
Watershed has the area around + 22.734 hectares,
where variety in rainfall and soil type can’t be
assumed as similar. Erosion model of DEM-NDVI
estimates average annual sediment yield, while in
this research erosion was determined in every
month.

The most interesting result is the very high in
absolute accuracy of erosion model of DEM-TVI
(95.47%), meaning that Emege is almost similar to
Eacwa. The most reasonable explanation is by
reminding the reason behind the modification of the
equation as from NDVI to TVI that is by
introducing the Nonmal distribution rather than the
Poisson distribution (Deering et al., 1975). Then, the
possibility to apply DEM-TVI to other locations
may be considered. However, it must be realised
that a model will be very suitable to be developed in
accordance with the conditions of the location
where the model is developed. Other necessary
validation and modifications are needed if the model
is applied to other locations.

Table 6; The actual, estimated erosion, and the result of comparison analysis

No Month Esctunl Empda (mm/ month) nsing DEM-

(mm/month) [ NDyI | MSAVI | SAVI | TSAVI TVI
1 | May-06 0.794 0.910 0.500 0.910 0.890 0,700
2 | Apr-06 1.707 1.170 0.570 0.810 1,140 0.860
3 | Mar-06 0.780 1.060 0.540 1.050 1.030 0.790
4 | Bep-05 0.289 0.800 0.460 0.790 0.770 0.630
5 | August-035 0.207 0.750 0.450 0.750 0.860 0.600
6 | Jul-05 0.191 0.970 0.510 0.980 0.950 0.740
7 | Jun-05 0.374 1.040 0.530 1.040 1.010 0.780
8 | May-05 0.800 1.630 0.070 0.930 0.910 0.710
9 | Apr-05 1.764 1.040 0.500 0.950 0.930 0.720
10 | Mar-05 1.370 1.140 0.550 1.140 1.11¢ 0.840
11 | Sep-4 0.029 0.600 0.380 0.600 0.590 0.500
12 | August-04 0.024 0.210 0.210 0.210 0.210 0.210
13 | Jul-04 0.082 0.570 0.380 0.570 0.560 0.480
14 | Jun-04 0.130 0.670 0410 0.670 0.660 0.540
15 | May-04 0.485 1.190 0.550 1.190 1.150 0.860
16 | Apr-04 0.930 1.190 0.550 1.190 1.150 0.850
17 | Mar-04 1.198 1.190 0.550 1.180 1.150 0.850
A. Average 0.656 0.949 0.454 0.880 (.886 0.686
B. Coef of Correlation 0.80 0.62 0.73 (.81 (.81
L& Absolute Accuracy (%) 55.39 69.12 65.88 64.90 95.47
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5. Conclusions

All Enaq using 3 vegetation indices (DEM-NDVI,
DEM-TSAVI and DEM-TVI) have the high
correlation with Eyeua (the value of the coefficient of
correlation are > 0.80), while DEM-MSAVI and
DEM-SAVI have low correlation, 0.62 and 0.73
respectively.

In term of their absolute accuracy, only erosion
model of DEM-TVI, reached the threshold value of
> 80%, which was 95.47%, while the original model
(DEM-NDVI) only got 55.39%. The result of
absolute accuracy also revealed that modification of
vegetation index as from its original (DEM-NDVI)
to its modification resulted in higher absolute
accuracy, as from 55.39% to 69.12% (DEM-
MSAVI), to 65.88% (DEM-SAVI), to 64.90%
{DEM-TSAVI), and to 95.47% (DEM-TVI).
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