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Abstract. Forests have important roles in terms of carbon storage and other values. Various
studies have been conducted to identify and distinguish the forest from non-forest classes. Several
forest types classes such as secondary forests and plantations should be distinguished related to the
restoration and rehabilitation program for dealing with climate change. The study was carried out to
distinguish several classes of important forests such as the primary dryland forests, secondary
dryland forest, and plantation forests using Landsat 8 to develop identification techniques of specific
forests classes. The study areas selected were forest areas in three districts, namely Karo, Dairi, and
Samosir of North Sumatera Province. The results showed that using composite RGB 654 of Landsat 8
imagery based on test results OIF for the forest classification, the forests could be distinguished with
other land covers. Digital classification can be combined with the visual classification known as a
hybrid classification method, especially if there are difficulties in border demarcation between the two

types of forest classes or two classes of land covers.
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1 INTRODUCTION

Indonesia's forests have an
important role in the world in terms of
carbon storage and other values (FORDA
Team for Climate Change, 2010; Sumargo,
etal., 2011).

Various studies have been conducted
to identify and distinguish the forest and
non-forest classes using Landsat data
either using a single data or multitemporal
data (Kartika, 2010; Kartika, et al., 2012;
Kartika, et al., 2011).

Several forest types classes such as
secondary forests and forest plantations
are needed to be distinguished related to
the restoration and rehabilitation program
in dealing with climate change.

The methods used can be divided
into digital and visual methods. Digital
method is very dependent on atmospheric
conditions of the data, and the method is
divided into supervised and unsupervised
methods. Supervised digital method, also

depends on the sampling, while a visual
method depends on the interpreter
(Sutanto, 1986).

The Ministry of Environment and
Forestry (KLHK) classifies forest types into
7 classes using Landsat data, namely:
primary dryland forests, secondary dryland
forests, primary swamp forests, secondary
swamp forests, primary mangrove forests,
secondary mangrove forests, and forest
plantations (Rochmayanto, et al., 2014).

While forest classification based on
Indonesian  National Standard (SNI)
depends on the scale used; to a scale of 1:
1,000,000, forest types are divided into 2
classes, ie dryland forests and wetland
forests; to a scale of 1: 250,000, forest
types class are divided into four, namely
primary dryland forests, secondary dryland
forests, primary wetland forests, and
secondary wetland forests. As for the scale
of 1: 50,000 or 1: 25,000, each class of
forest on a scale of 1: 250,000, divided by
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type, such as primary and secondary
dryland forests, each consisting of Bamboo
forests, mixed forests, Teak forests, Pine
forests, woods Acacia, Eucalyptus forests,
White Teak forests, Sengon forests, Sungkai
forests, Mahogany forests, Rubber forests,
and Jelutung forests. In addition, each
type of the forest is divided into three
classes again, is dense, moderate, and
sparse. While primary and secondary
wetland forests, each consisting of forest
type such as mangroves, mixed forests,
Nipah forests, and Sago forests. Each
forest type is further divided into dense,
moderate, and sparse, as on dryland
forests (SNI, 2010).

With the availability of the newest
generation of Landsat data (Landsat 8),
the study aims to utilize these data in
distinguishing several classes of forest
types such as primary dryland forests,
secondary dryland forests, and forest
plantations by developing identification
techniques on this forest classification.
The case study area is forest areas in the
province of North Sumatera, especially in
3 districts, namely Karo, Dairi, and
Samosir.

2 MATERIALS AND METHODOLOGY
2.1 Data and Location

This study was located in North
Sumatera Province, in the vicinity of Lake
Toba, includes three districts namely
Karo, Dairi and Samosir, as shown in
Figure 2-1.

The data used is Landsat 8 path/
row 129/058 which was acquired on
February 21, 2015.

2.3 Research Methods

The Landsat 8 data used on this
study were data with path/row 129/058
dated February 21, 2015, covering most
areas of the forest area surroundings Lake
Toba. The Natural Color Composite (NCC)
imagery using Red Green Blue (RGB)
filters from Bands of 6, 5, and 3, so called
RGB 653 as shown in Figure 2-2.

= o 20 Kilometers

Figure 2-1: The Study Area in North Sumatera

Figure 2-2:NCC RGB 653 Image of Landsat 8
path/row 129/58 acquired on February
21, 2015

Bands selection for obtaining a
natural color composite imagery (NCC)
was conducted based on previous studies
used Landsat previous generation
(Landsat 5 and Landsat 7), the NCC
imagery was composed of three selected
spectral bands that can represent the
natural color such as the vegetation color
is green, the soil color is red, the water
body color is blue. The NCC wused
composite bands of RGB 542, means, on
the red filter using Band-5 (SWIR-1), on
the green filter using Band-4 (Near Infra
Red) and on the blue filter using Band-2
(green). In this study, because we used
Landsat 8, to obtain the same composite,
the spectral wavelengths bands used
should be the same as the Landsat 5 and
7 above, namely the combination or color
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composite RGB 653, meaning the red filter
using Band-6 (SWIR-1), the green filter
using Band-5 (Near Infra Red) and the
blue filter in Band-3 (Green).

In terms of the selection of the bands
to composite the RGB imagery this could
have used another technique, namely the
method of OIF (Optimum Index Factor),
i.e. the method of statistically to
calculating the division between the
number of standard deviation spectral
numbers on the three bands with the
number of the absolute value of the
correlation coefficient between any two of
the three bands (Jensen, 1986), where OIF
algorithms can be written as follows:

k=1

o= (2-1)
ZAbS(rlk)

where :

Sk =standard of deviation of the
spectral value from the bands.

Abs(rj)) =The absolute value of the
correlation coefficient between

each two of the three bands.

OIF Values which high, means a
composite form presents color is more
diversity so as to provide much spectral
information.

In identifying the object of forest
types visually using a combination of
bands that had been chosen (natural color
or test results OIF) on imagery other than
the keys of interpretation, had used the
help of a map of land cover current as a
reference. The KLHK divides forest land
cover classes into seven classes as
mentioned above, the standard
interpretation of Landsat imagery for
forest types classification, are presented in
Table 2-1. (MoF, 2003). KLHK identifying
and updating land cover using visual
interpretation of Landsat data and field
survey.

After identification, next is created
the training area for several classes of

forest and non-forest of the study area in
North Sumatera Province; then the
classification was done digitally using the
Maximum Likelihood method. In addition
to the selection of training area with the
help of maps of land cover from KLHK and
the keys of interpretation, the training
area was created homogeneous so that
mixing class between classes with one
another was small. The homogeneity test
was done by calculating of coefficient of
variation of each of channel of imagery in
the training area which created. The
mathematical equation

CV = SD/Mean (2-2)
Where:
SD =standard of deviation

Mean =the average digital value in the
training area.

The smaller the CV value indicates
more homogeneous variations, so that the
classification results are expected not
much mixing.

Table 2-1: Standard of Interpretation of Class of
Forests  Using Landsat data from
KLHK (Source: MoF, 2003)

No. Class of Forests Visual Interpretation using Landsat Data

1. Primary dry forest All appearance of lowland hills forest, and
mountains that have not seen the former logging,
inchading dwarf forestkerangas forest , forest on
limestone,forests in the alkaline ultra rocks, needle
leaf forest, and the moss forest.

The appearance of lowland forests, hills, and
mountains that have appeared logged-over (groove
and patches of logged).

All appearance of forests in swampy areas,
inchuding peat swamps and brackish marshes that
have not appeared ex logging.

2. Secondary dry forest

3. Primary swamp forest

4. Secondary swamp forest All appearance of forests in marshy areas and has
appeared with the appearance of logged-over areas
opening track (usually a rail line), and patches of
logged.

All appearance of mangroves forests, palm, and
nibung located around the beach, and has not
appeared ex-logping.

5 Primary mangroves
forests

6. Secondary mangroves
forests

All appearance of mangroves forests, palm, and
nibung which indicates the former logging, spots,
or burn marks.

Class forest land cover is the result of human
cultivation, covering industrial forest plantations
and results reforestation forest plantations inside
and outside the forest area (APL). From the imagery
seen to have regular cropping patterns on flat
areas, whereas for a bumpy area visible, image
color that is different from the surrounding
environment.

Forest plantations

Meanwhile, to test the mixing of classes of
forest and non-forest using Matrix Confusion
methods, we used the mathematical
equation as follows:
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1
Overall Accuracy = ;ZQ‘=1 n;; User Accuracy =

Nig (2_3)
Sfgny
Py — P
Kappa = 1——Pc (2—4)
Where,

n; =number of pixels from class i which
classified correctly on class i of the
reference data,

n; =number of pixels from class j of the
reference data which classified as
class i,

n =number of pixels totals,

k =number of class totals,

Py =overall agreement,

Pc =chance agreement.

To create the curve of spectral
pattern that is formed from the channel
imagery used in the classes of forest were
obtained of the value of average (Mean) of
the training area of from identification of
objects. The complete study flow diagram
was presented in Figure 2-3.

/ Acquisition of Data/ Imagery /

Natural Colors Composite and
Map of Land OIF Test
Cover from KLHK l

Identification of Object (Class of Forests)

!

Making the training area on
class of forest and non-forest

!

Test Training area with
Coeffisien Variance

l

Calculate statistic from

Digital Classification supervised with taining area of class of forest

the maximum lkelihood method on

the study area.
l Mean values of reflektance of
Confusion Matrix class of forest from charmels of
Landsat-8.

i l

Accuracy from training
areaand classification of

The spectral patterns of some
forest classes from the channels

class of forest of Landsat-8

Figure 2-3: Flow diagram of the study

3 RESULTS AND DISCUSSION

In the NCC RGB 653 imagery, forest
and other vegetations were seen as green,
but different hue, brightness, texture and
others. Visually, the green vegetation
could be distinguished, but in interpreting
as forests, plantations, rice fields and
others require interpretation keys and
experience of interpreter. Besides, also
required secondary data such as field
surveys and other supporting data such
as maps land cover or the use of existing
land.

The results of visual interpretation
and maps of land cover that have been
created by KLHK (newest updating in
2013) was wused as a reference for
identifying forest types classes in the
study area.

The results of the composite selection
using the OIF methods to obtain a
combination of the bands used that provide
a variety of information, was presented in
Table 3-1 and Table 3-2.

Table 3-1:Test Result of OIF from Class of Forests

RiG:Bs  SD1 8D 8Ds 12 13 123 SsD S QIF
751 59,22 525349 46,591 0,072 0413 0,137 631,36 0,622 1015,0482
752 5920 525540 37,627 0072 0513 0,108 622,396 0,603 898,11833
753 5022 525540 42,671 0072 0,645 0,00 627,44 0807 7774969
754 59,22 525549 51,801 0,072 0,787 0,027 61666 0,886 696,00541
654 127437 525549 531,891 0379 0,630 0,027 684,877 1,045 65538469
651 127437 525540 46591 0379 0597 0,137 699,577 1113 62855076
652 127,437 525349 57,627 0,379 064 0,108 690,613 1,127 612,78882
653 127437 525540 42,671 0379 0,601 0,09 695,657 1,16 59970431

Table 3-2:Test Result of OIF from Class of Land
Cover

RiG:B;  SD: SD: 8Ds 2 I 3 88D S OIF
651 486,688 642,274 77,74 0,52 0,641 0,002 1206702 1,163 1037,577
751 343317 642,074 77,74 00287 0,743 0,002 1063,331 1,032 1030,3595
652 486,688 642,274 02492 052 0714 0,038 1221454 1272 96026258
752 343317 642,274 02492 0087 0818 0,038 1078,083 1,143 94320472
654 486,688 642,274 178,708 052 0,844 0,151 1307,67 1,515 863,14851
754 343,317 642,274 178,708 0,287 0,928 0,151 1164,209 1,366 852,34187
755 343317 642,074 134466 0287 0,875 0,327 1120057 1,489 750,22095
653 486,688 642,274 134,466 0,52 0,852 0,327 12263,428 1,699 743,63037

Band 1 and band 2 should be
removed or not used in the calculation of
the value of OIF, because the band 1 and
band 2 have high spectral scattering that
causes the value of OIF be high, so it
cannot represent the spectral value of the
earth's surface (Chaves, 1982, in Jensen,
1986). Thus the composite using Bands-1
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and 2 were ignored, resulting in the
selection of the best composite for forest
class was a combination of RGB 753,
while on land cover classes, the selection
of the best composite RGB 654.

If we compared the three composites
were selected (RGB 653, 753, and 654)
visually to distinguish the primary dry
forest, the secondary dry forest, and
plantation forests did not appear different,
meaning that all three composite could be
used for identification of land cover or
forest types to equally provide natural
color imagery. The results of this appeal
can be seen in Figure 3-1.

RGB 653 RGB 75
Figure 3-1: RGB Composite of Landsat 8 of the
study area

RGB 654

This study used a RGB 654 composite
imagery with consideration to distinguish
forests with other land cover. Results
overlay between an image and map land
cover on area of study for class
distinctions the primary and secondary
dry forest are presented in Figure 3-2.

From Figure 3-2 (a) it could be seen
that it was difficult to distinguish or draw
the boundary between primary and
secondary dryland forests, particularly in
the example above, forest which was in
the region of corrugated (mountains).
From visual interpretation of KLHK that
distinguish primary and secondary forests
was that in secondary forests visible scars
of logging the form of spots or rutting,
indeed cursory look no blotches or in the
form of stains green color on the
delineation of secondary forests which
created by KLHK above, but withdrawal of
the boundary between primary and
secondary forests in the image above was
not clearly visible difference. In other
regions the difference between secondary

dry forests and forest plantations was
presented in Figure 3-3.

o s

(a) Sorce: RGB 3 of dsat 8 Imagery

Primary Forest

Non Forest

(b) Source: Land Cover Map from KLHK
Figure 3-2:Difference of Classes between Primary
and Secondary Dryland forests. (a) Seen
from Landsat 8, and (b) Land Cover

Map from KLHK.

(b) Source: Land Cover Map from KLHK
Figure 3-3: Difference of class between secondary
dry forests and forest plantations. (a)
Seen from Landsat 8, and (b) Land
Cover Map from KLHK

International Journal of Remote Sensing and Earth Science Vol. 13 No. 2 December 2016 143



Heru Noviar and Tatik Kartika

From Figure 3-3 (a) it could also be
seen that it was clearly visible the
difference between secondary dryland
forests and forest plantations. At forest
plantations, color green looks somewhat
different from the forest next (secondary
dryland forests), also at forest plantations
seen the appearance of smoother and
homogeneous texture. In Figure 3-4 looks
as well as differences between secondary
dryland forests and forest plantations,
either of the green hue, brightness and
texture.

The results of a field survey which
had been conducted on September 5 to
11, 2015, forest plantations were located
in the region (Kecamatan Tele, Samosir)
was a type of Eucalyptus plantations
which is owned by PT. Indorayon (Toba
Pulp Lestari). Results photo of field survey
on the forest plantations in this region
(Kecamatan Tele, Samosir) was presented
in Figure 3-5. Plantation Forest Eucalyptus
was also located in the forest area in
Pulau Samosir (Figure 3-6.)

1 PR

Figure 3-5:Plantation  Forest Eucypu in
Kecamatan Tele, Kabupaten Samosir

T

Non Forest

Sou-r-ée-: Tl'-l_e KLPfK Land Cover Map (b)
Figure 3-4:Difference of Classes between Secondary

Dryland forests and Forest Plantations Photograph taken from Field Survey
(a) Seen from Landsat 8, and (b) The Figure 3-6:Plantation Forest Eucalyptus in
KLHK Land Cover Map Samosir Island
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From the results of land cover
classification, especially in forest areas, on
the study area was only obtained three
classes of forest, ie primary dry forest,
secondary dry forest and forest plantation.
After forest types classes were identified
based on the KLHK land cover reference
maps, next were done classification
digitally with creating a training area on
several classes of forests at sample area
(Figure 3-7) and to determine the test
mixing between the three classes of forest
and non-forest and determine its accuracy
digitally. In addition, from the training
area which had been created, it will be
calculated the average value of digital
(reflectance) on each band used from
Landsat 8 (1-7) which had the same

=

- a) Distribution of the Training Samples

Primary Dry Forest
Secondary Dry Forest

spatial resolution, ie 30 meters.
Subsequently made into the spectral
curve of each class of forest type.

The test results of the selection of
the training areas of forest type classes,
whether it had been approached
homogeneous, by looking at the coefficient
of variation of the training areas which
were taken on each band of Landsat used
in the supervised classification process,
were presented in Table 3-3. The result of
the confusion matrix between training
areas which created and the classification
results were presented in Table 3-4, while
the spectral curve of 3 classes of forests
was presented in Figure 3-8, 3-9, 3-10, 3-
11, 3-12, 3-13, and 3-14.

gl : b
(b) Digital Classification Results

Forest Plantation 1
Forest Plantation 2

Open Land
Non Forest

Water Body

(c) Legend

Figure 3-7: (a) Distribution of the Training Samples on Landsat 8 in the Study Areas, (b) Results of
Digitally Classification using Maximum Likelihood Method, (c) Description of the Legend
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From Table 3-3, the value of the CV
coefficient of variation (color table) of all
the training areas of forest class from all
channels of Landsat 8, average, below
30%, it was considered good or fulfill the
standard of selection of homogeneous
training areas (training area is said good
or nearly homogeneous if the CV is less
than 30%).

Table 3-3: Coefficient of Variation of the training
area on forest class of 7 channels
Landsat 8

Mean
bl b2 w4 b5 b6 b7

Prmary DryForest 9362 7154 5663 3339 2418 10399 3831
SecondaryDryForest 8634 6633 306 306 1474 10406 4104
ForestPlantation] 8474 6506 5576 3066 2385 9188 3730
PorestPlantatind 8326 6371 S0L0 3054 37350 L0601 3666

§D= Standar Deviasi
bl B W b b b6 b7
PrimaryDryorest 259 247 830 304 5835 23T 800
SecondaryDryForest 164 144 261 213 2569 1039 489
Forest Plantation! 11 15 26 152 2837 1382 462
Forest Plantation? 26 P N0 616 4298 1060 800

Coefisien of Variation (CV)=8D/Mean

PrmaryDryRorest 277 345 96 909 2206 2047 2000
SecondaryDryForest 190 207 490 661 1095 999 1181
PorestPhntaton] 131 177 459 466 1191 1504 1290
ForestPlntafiond 391 621 109 2019 1151 1000 218

From the confusion matrix between
the training of areas with classification
results on region samples were obtained
overall accuracy, ie 98.27% of 27,652
pixels and the value of kappa value, ie
0.976. While the confusion matrix
between the training area which are
taken randomly and the classification
results were shown in Table 3-5. From
Table 3-5 was obtained overall accuracy of
97.14% and the kappa value, ie 0.961.
When compared to Table 3-4, the result of
confusion matrix in Table 3-5, the value of
overall accuracy was not much different
(equally good), above 97%, as well as the
statistical value of kappa, meaning that
accuracy was equally good.

From these results, the digital
classification had provided good results to
be able to distinguish the forest type

classes. While the visual classification had
shown more difficult to draw the line
among forest type classes. Thus the digital
classification could also be combined with
visual classification, especially if there
were difficulty in drawing the line between
the two classes of forest or land cover two
different classes. This method has also
been known as a hybrid interpretation.
The hybrid interpretation according to
Suharyadi (2010) is a technique that
combines the visual interpretation for the
delineation of the object, and using the
principles of digital spectral pattern
recognition to identify the object.

Table 3-4: Results of confusion matrix between
training of area with the classification
results

PrinayDry Secondry  Forest Forest NowForest  Openland  WaterBody

Foed  DryForet  Plaaion] Plantaion?

eI IR TR S T SR
Forest

Seconday . : . .

Dry}'mest 0 3468 13 1 A3 i |
Forest

Paticn | 0 0 1288 0 0 1 0
Forest

s m

Mo 0 3 0 0 0 0 0
NonForest 0 {7 0 0 463 4 0
Openlend 0 1 Il 0 0 18U i
Wata Body 0 0 3 0 0 m 682

Table 3-5: Results of confusion matrix between
new training area with the classification
results

Brmay Dy Secondsy  Foret Foredt
Foet Dryluet  Planteion] Plantafion?

Nonforest Openland  WaterBody

Primary Dy,
LR

il ) ) ) ) )
%‘;";i“:ﬂ TR 1 i " 14
Forest

notgia] ! 3 W0 ) ) )
m}.mj I B oo I I
Nonfuet 1 ) ) W )
Opealnd ! 5 ] ] Wy m
Wit Body ) ) 10 ] ] mooM
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Spectral pattern which formed
(Figure 3-8, 3-9, 3-10, 3-11, 3-12, 3-13,
and 3-14) of several types of forests in the
study area was obtained from the value
of the average reflectance of the training
areas which were made based on the
classes of forest types with the reference
of the KLHK land cover map on the bands
of the Landsat 8 used (Band-1 to Band-7),

% 30
R 25
20
15
10
5
o

OO0 =mO0

which had the same spatial resolution, ie
30 meters.

From Figure 3-8, 3-9, and 3-10 show
that the spectral pattern between primary
dry and secondary forests are similar,
differences occur in the Band-5 (Near
Infra Red) wherein reflectance of the
primary dryland forests are higher than
the secondary dry forest on this band.

4 5 6

L

Band

Figure 3-8: Spectral Pattern of Primary Dry Forests (Bands 1 to 7)

0 1 2 3

4 5 6 7

Band
Figure 3-9: Spectral Pattern of Secondary Dry Forests (Bands 1 to 7)

%30

R 25

f 20 1

coBsmero
L

Band

=@ Primary Dry Forest

=i~ Secondary Dry Forest

Figure 3-10: Spectral Pattern of Primary and Secondary Dry Forests (Bands 1 to 7)
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Figure 3-11: Spectral Pattern of Forests Plantation 1 (Bands 1 to 7)
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Figure 3-12: Spectral Pattern of Forests Plantation 2 (Bands 1 to 7).
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Figure 3-13: Spectral Pattern of Forests Plantation 1 and 2 (Bands 1 to 7)

In Figure 3-11, 3-12, and 3-13 were
seen that spectral pattern of forest
plantations 1 has reflectance numbers of
Band-5 higher than forest plantation 2,
in which from the results of a field survey
which was conducted in September 2015,

forest plantations 1 was pine forests,

148

while forest plantations 2 was Eucalyptus
forests (see Figure 3-6). While the
spectral differences among four classes of
the forest types (Figure 3-14) show that
the forest plantations 2 has the highest
reflectance numbers among all classes of

the forests on Band-5.
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Spectral patterns of the several
forest types have the similar trends. In the
study area, the spectral numbers of the
primary dry forest are higher than the
secondary dryland forests, with numbers
between 20 and 25. Forest plantations 1
and 2 have a higher spectral value, but for
plantations 1 did not differ significantly
with the spectral value of forest land dry
primary and secondary dry forest. Thus,
there is difficulty distinguishing the forest
classes based solely on spectral value.

—#—  Primary Dry Forest
~@= Secondary Dry Forest
% = e
R Do [rnmimeu
e 7\
£y, [\
1, [\
e [ A\
. 17\
ts i\
n s : = X2 /
c . A
Band

Figure 3-14: Spectral Pattern of Primary and
Secondary Dryland Forests, Forests
Plantations 1 and 2 (Bands 1 to 7)

4 CONCLUSION

The composite RGB 654 Landsat 8
imagery based on test results OIF for the
forest classification, showed that the
forests could be distinguished with other
land covers. The results of the forest
identification in the study area using
Landsat 8, obtained four classes of
forests; those were primary dryland
forests, secondary dryland forests, and
plantation forests which then was divided
into two types, namely plantation forests 1
(Pine forests) and plantations forests 2
(Eucalyptus).

This study also provides results that
the digital classification can be combined
with the visual classification known as a
hybrid classification method, especially if
there are difficulties in border
demarcation between the two types of
forest classes or two classes of land
covers. Spectral number of the forest
types classes have the similar pattern, but
it is quite difficult to conclude if the forest

classes based solely on the spectral
number.
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