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ABSTRACT

Over the past four decades, remote sensing has more useful and effective contributions in the classification, map-
ping of land cover, forest cover map. Out of these achievements, there are still limitations in the application, especial-
ly in the tropical region, because of the diversity and abundance of land cover objects, of course including tropical
forests, where are the vegetation status varies due to the seasons of the year. In this study, we selected Landsat 8 sat-
ellite imagery from both dry and rainy seasons for the purpose of building detailed land cover maps of Yok Don Na-
tional Park, Central Highlands of Vietnam where has two major forest types (a) deciduous broadleaf forest and (b)
evergreen broadleaf forest. The land cover mapping was based on supervised classification approach. The results of
forest cover area showed that total Evergreen broad-leaved forests (rich, medium and poor) area are 25,578 ha
(22.14%) and total Dry open dipterocarps forests (rich, medium and poor) area are 88,435 ha (76.54%), and another
object is 1,531.86 ha (1.33%). The detailed land cover map with the 15 m resolution provided and is useful for forest
management in the study area. The results of the assessment accuracy of the land cover mapping showed that 88.37%
of overall accuracy, 89.35% of producer accuracy, and 90.60% of user’s accuracy.
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1. Introduction vironmental change dynamics to ensure sus-
tainable development of forest resources
(Gomez et al., 2016). The discrimination and
mapping of the forest cover have been ad-
vanced with remotely sensed satellite technol-
ogy from local to the global level (Patenaude
et al., 2005; Annunzio et al., 2010; Tateishi et

Detailed and accurate information of forest
cover is important and necessary for science,
management, conservation, reporting, and
helps the policy makers to understand the en-
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al., 2014). Forest is a dynamic feature on the
land surface. As true for other land cover, for-
ests to change in time and space. The changes
may be positive as regrowth i.e., medium for-
est to dense forest, poor forest to medium and
dense forest etc. or negative as deforestation
i.e., logging, shifting cultivation, forest fire,
the construction of buildings, urban expansion
etc. According to FAO report on global forest
resource assessment (FAO, 2015), global for-
est area fell by 3% from 4128 M ha (1990) to
3999 M ha (2015). The rate of net forest loss
between 2010 and 2015 was half that in the
1990s. Net forest loss was mainly in the trop-
ics; temperate forest area has increased. Rates
of forest loss are highest in low-income coun-
tries (Keenan et al., 2015), and deforestation
is continuing everywhere (Busch and Engel-
mann, 2015; FAO, 2015).

Today, optical remote sensing has become
no stranger to the managers, scientists in areas
such as forests, ecology, natural resources and
the environment. Since 1972, the Landsat
mission was first launched. The Landsat mis-
sion measured the Earth reflectance. Satellite
image classification was done using the re-
flectance statistics for individual pixels. So
far, optical and satellite imagery has proved
its effectiveness in the establishment of re-
source maps, land use maps, forest cover
maps, from the local to the global level.

Forest management is always required to
obtain a map showing the details, high accu-
racy, and update information about the forest
cover. Further detailed information on the for-
est is also well served for in-depth studies on
biodiversity, ecology, habitat (Turner et al.,
2003, Pham Ngoc Thach et al., 2014; Li et al.,
2014). However, at present, the detailed land
cover map is lacking in many where, even
high conservation value forests such as na-
tional parks, etc., have caused many difficul-
ties in forest management (Giri et al., 2003;
Ridder, 2007; Verburg et al., 2011; Luong et
al., 2015). The main causes for such a situa-
tion are the lack of funds for implementation,
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the satellite imagery data and the lack of
human resources with remote sensing
knowledge working at forest management
agencies (Luong et al., 2015).

Landsat 8 satellite sensor is part of the
Landsat Data Continuity Mission was suc-
cessfully launched on February 11, 2013,
from Space Launch Complex-3, Vandenberg
Air Force Base in California and will join
Landsat 7 satellite in orbit. Landsat 8 satellite
has two main sensors: the Operational Land
Imager (OLI) and the Thermal Infrared Sensor
(TIRS). OLI will collect images using nine
spectral bands in different wavelengths of vis-
ible, near-infrared, and shortwave light to ob-
serve a 185 kilometer (115 miles) wide swath
of the Earth in 15-30 meter resolution cover-
ing wide areas of the Earth's landscape while
providing sufficient resolution to distinguish
features like urban centers, farms, forests and
other land uses (NASA, 2017). One thing is
important that satellite imagery data from
Landsat 8 is completely free for users on a
worldwide. There have been several studies
using Landsat 8 for land cover classification
and monitoring land cover and showed has the
good potential (Roy et al., 2014; Jia et al.,
2014; Dinh, 2016; Firoozynejad et al., 2017).

Currently, there is three main methodolo-
gies and dissemination in the use of image
classification in remote sensing technology to
classify vegetation as (i) Unsupervised image
classification; (ii) Supervised image classifi-
cation and (iii) Object-based image analysis.
In this study, we used the supervised image
classification approach. The supervised classi-
fication usually gives the best results, and the
steps including select training areas, generate
the signature file and classify.

The objective of this research was to use
image data from the Landsat 8 satellite for de-
veloping the more detailed land cover map in
Yok Don National Park, Central Highlands in
Vietnam, where there are two seasons the dry
season and the rainy season, and has two ma-
jor forest types (a) deciduous broadleaf forest
and (b) evergreen broadleaf forest.
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2. Study area and data
2.1. Study area

The Yok Don National Park in the Central
Highlands region lies between 12°45°
13°10’ north latitude and 107°29°-107°48’
east longitude and it is the largest national
park in Vietnam.

Thai Van Trung, 1998; Phung Ngoc Lan et
al., 2006, Nguyen Nghia Thin et al., 2008
have classified the forest of Yok Don National
Park into two major types of forest: (a) decid-
uous broadleaf forest, and the dominant tree
species in the deciduous broadleaf forest are
Dipterocarpus tuberculatus, Dipterocarpus

obtusifolius, Terminalia tomentosa, and
Shorea obtuse; (b) evergreen broadleaf forest,
and the evergreen broadleaf forest

mainly comprises of Michelia mediocris,

Syzygium wightianum, Garruga pierrei, Gon-

ocaryum  lobbianum, Schima  superba,
Camellia  assamica, and Lithocarpus
fenestratus.

Soil type of the forest inside the park has
diverse types of soils including brown, red-
yellow, and black soils (MARD, 2010). The
topography of this park contains relatively
plain topography and is located at an altitude
of 200-300 m above sea level (Nguyen Xuan
Canh et al., 2009).

The climate of this region is tropical mon-
soon type which has a well-defined dry season
between October and April, and typical rainy
season between May and November. The
mean annual rainfall is 1540 mm, and mean
monthly temperature is around 25°C (Nguyen
Xuan Canbh et al., 2009).

The location map of the Yok Don National
Park is shown in Figure 1.
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Figure 1. Location map and sample plot positions based on Landsat 8 composite imagery of the study area (red point

are sample plots for training and yellow points are sample plots for validation).

The boundary of Yok Don National Park is shown in the black polygon in the right image

2.2. Satellite data

February 2014 (dry season) and October

The study has used the satellite imagery of 2015 (rainy season). The resolution of band 4

Landsat 8 Operational Land Imager (OLI) in

(wavelength: 0.65-0.67) and band 5 (wav
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length: 0.85-0.88) is 30 meters, band
8/Panchromatic (wavelength: 0.5-0.68) is 15
meters. The reason for the choice of two
time-scene image, that, due to the character-
istics of the study area includes two types of
forest are Evergreen broad-leaved forest and
Dry open dipterocarps forest. Therefore, I
chose two scenes images at two different

Table 1. Landsat 8 OLI data used in this research

times (dry season in 2014 and rainy season in
2015). The Landsat 8 in the dry season to
distinguish between and evergreen forests of
deciduous forest. Both of Landsat 8 images
used in this study area is cloud free. The
technical details of the satellite data used in
the present study are shown in Table 1 and
Figure 2.

No 1D Observation date Path/ Row Band used Season
1 LC81240512015289LGN00 2015-10-16 124/051 B4, B5, B6, B8 Rainy
2 LC81240512014030LGNO0 2014-01-30 124/051 B4, B5, B6, B8 Dry

Figure 2. Landsat 8 OLI used in this study: (a) Dry season in 2014 (b) Rainy season in 2015

3. Method for land cover mapping
3.1. Land cover classification system

In this study we have applied to the land
cover classification systems of the UNESCO
(1973) and Thai Van Trung (1998) for the
classification into 2 main classes of land cover
and then used the Circular No.34/TT-BNN
issued by Ministry of Agriculture and Rural
Development (MARD) of Vietnamese gov-
ernment (2009) for the detailed classification
into 6 classes of forest cover with the rich for-
est comprised a forest with a standing wood
volume over 301 m’.ha', the medium forest
with 101-300 m’.ha”" and the poor forest in-
cluded the forest with 0-100m’.ha”. Although
according to the Circular 34, there is a very
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rich forest class with wood volume over
300m’.ha”’, we have not classified it. Because,
this kind of class area is not much, and there is
no appearance in Dipterocarps forest in this
study area, therefore, we have included rich
forest and very rich forest, and called them rich
forest class. The forest in this ecosystem zone
was classified into 6 classes such as (1) Ever-
green broad-leaved rich forest (EB rich forest),
(2) Evergreen broad-leaved medium forest (EB
medium forest), (3) Evergreen broad-leaved
poor forest (EB poor forest), (4) Dry open dip-
terocarps rich forest, (5) Dry open dipterocarps
medium forest (DD medium forest) and (6)
Dry open dipterocarps poor forest (DD poor
forest) (Luong et al., 2015). According to
UNESCO (1973), other land cover categories
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may be identified as- (7) Other land cover
(mainly composed of woody tree from 0.5
to 5 m tall); scrubland, (most of the individu-
al shrubs not touching each other, often with

a grass stratum); Thicket (individual shrubs
interlocked and barren land) and (8) Water-
body. The detailed forest cover’s classification
is shown in Table 2 (Luong et al., 2015).

Table 2. Classification of forest cover for the study area (Luong et al., 2015)

UNESCO (1973), Trung (1998) and Luong et al., (2015)

Circular No. 34/TT-BNN issued by MARD (2009)

1. EB Rich forest
Evergreen broad-leaved forest (EB forest) 2. EB Medium forest
e 3.EBPoorforest
4. DD Rich forest
Dry open dipterocarps forest (DD forest) 5. DD Medium forest
e 0. DD Poorforest
Otherlandcover ... 7Otherlandcover
Water body 8. Water body

3.2. Pre-processing satellite data

The method of satellite images processing
in this study includes: Geometric correction,
Image to map rectification by terrain map
sheet on scale 1:50,000, and image fusion, in
there: panchromatic sharpening is an image

fusion method in which high-resolution pan-
chromatic data is fusion with lower resolution
multispectral data to create a colorized high-
resolution dataset (Laben et al., 2000). The
result of before and after the panchromatic
sharpening of Landsat 8 is shown in Figure 3
below:

(c)

Figure 3. An example of panchromatic sharpening: (a) Original color image-30 m resolution,

(b) Panchromatic image-15 m resolution, (c) Pan-sharpened color image-15 m resolution
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The NDVI image in dry season makes up
from Red band (band 4) and Near Infrared
band (band 5) from Landsat 8 OLI satellite.
From Landsat 8 in dry season can be clearly
distinguished between an evergreen forest of
deciduous forest based on NDVI value, from
the NDVI image (Figure 4), the green color is
evergreen forest with the NDVI value from

0.0 to 1.0, and yellow color is mainly decidu-
ous forest with the NDVI value from -1.0 to 0.
The difference between the two major forest
types within the study area (a) deciduous
broadleaf forest and (b) evergreen broadleaf
forest during the dry season. Photos were
taken in the dry season (April 2015),
Figure 5.
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Figure 4. NDVI image of Yok Don National Park in dry season

(b)

Figure 5. Photos of two major forest types (a) deciduous broadleaf forest and (b) evergreen broadleaf forest
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3.3. Reflection spectrum analysis

Develop a reflectance spectral value graph
to denote different forest objects (rich, medium
and poor) in the set of surveyed samples. That
is, at each of the sample plot sites, we have
created a square sized according to the sample
plot size. Sample plots were selected into 3
forest categories according to the field calcula-
tion: rich forest, medium forest, poor forest.

These squares will then be overlaid on the
Landsat 8 satellite image to calculate the spec-
tral value. For each set of sample plots (rich,
medium, poor), we will create a "mask" class
to calculate the spectral value using the
"Compute statistics" tool on ENVI software.
The spectral value on the histogram is calcu-
lated for all sample plot of the same forest
type. See an example in Figure 6.

Rich forest Landsat 8 spectra
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(c) Poor forest

A GPS Garmin-GPSMAPS87S instrument
was used to determine the center position of
each sample plot. We carefully have chosen
the sample plot position with a homogenous
area of the forest cover and at least 100 m dis-
tant from other features such as trails, roads,

0.0 T T T T —t— T
0.5 1.0 1.5 2.0 0.5 1.0 15 2.0
Wavelength (micro-meters) Wavelength (micro-meters)
(a) Rich forest (b) Medium forest
Poor forest Landsat 8 spectra Figure 6._Spectrum reﬂecteq from Landsat 8 satellite im-
0.5 age: (a) Rich forest; (b) Medium forest and (c) Poor forest

3.4. Field work

Field survey is important for collecting in
situ data required for accurate analysis of the
satellite based estimates. We organized an in-
tensive field campaign during April 2015 to
collect the ground truth data. In total, there are
110 sample plots were established in the study
area. The size of the sample plots is 1 ha (100 x
100 m). We measured the diameter at breast
height 1.3 m (D1.3) using Criterion RD 1000
laser instrument and height (H) using Trupulse
360 Laser height instrument.

streams, rivers, water bodies, and other fea-
tures. The authors also recorded the types of
tree species during the field inventory follow-
ing the Vietnam Flora book. All species were
recorded and the taxonomy used was the Flora
of Vietnam book (Hoang Pham, 1999-2000).
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The distribution of sample plot positions are
shown in Figure 1, and the sample plot distri-
bution at each class of forest was used in the
classification as shown in Table 3.

Table 3. The sample plot distribution used in the classi-
fication (traing data)

No. Class Total sample

o plots
1 Rich forest (> 300 m>.ha™) 18

2 Medium forest (101 - 200 m*ha™) 71
3 Poor forest (0 - 100 m*.ha™") 21
Total 110

3.5. Supervised classification (Maximum
likelihood)

Supervised classification can be defined
normally as the process of the sample of
known identity to classify pixels of unknown
identity. Samples of known identity are those
pixels located within training areas. Super-
vised classification procedures are the essen-
tial analytical tools used for the extraction of
quantitative information from remotely sensed
image data. The user closely controls the su-
pervised classification method. An important
assumption in supervised classification usual-
ly adopted in remote sensing is that each spec-
tral class can be described by a probability
distribution in multispectral space, it also is
important to have a set of desired classes in
mind, and then create the appropriate signa-
tures from the data. You must also have some
way of recognizing pixels that represent the
classes that you want to extract.

Supervised classification is usually appro-
priate when we want to identify relatively few
and detailed classes of object, when we have
selected training sites that can be verified with
ground truth data, or when we can identify
distinct, homogeneous regions that represent
each class. On the other hand, if we want the
classes to be determined by spectral distinc-
tions that are inherent in the data so that you
can define the classes later, then the applica-
tion is better suited to unsupervised training.
Use unsupervised training to define many
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classes easily, and identify classes that are not
in contiguous, easily recognized regions. The
basic steps involved in typical supervised
classification procedure as; (i) Define signa-
tures, (ii) Evaluate signatures, and (iii) Pro-
cess a supervised classification.

In this process, we select pixels that repre-
sent land cover features that we recognize,
from ground truth data (sample plots system)
in Yok Don National Park with the eight clas-
ses are (Luong et al., 2015);

Class1 - Evergreen broad-leaved rich for-
est (EB rich forest).

Class 2 - Evergreen broad-leaved medium
forest (EB medium forest).

Class 3 - Evergreen broad-leaved poor for-
est (EB poor forest).

Class 4 - Dry open dipterocarps rich forest
(DD rich forest).

Class 5 - Dry open dipterocarps medium
forest (DD medium forest).

Class 6 - Dry open dipterocarps poor forest
(DD poor forest), and

Class 7 - Other land cover and.

Class 8 - Waterbody.

The software used in this study for maxi-
mum likelihood is ERDAS image 2014 and
for editor maps used ArcGIS 10.2 software.

3.6. Accuracy assessment

The accuracy refers to the success of esti-
mating the true value of quality or parameter
and can be obtained when all the units in the
population are measured and when measure-
ments are free of many sorts of biases. The
best way to test the interpretation accuracy is
to select a sample of points and check the
classes as appearing on the map against the
ground.

The independent validation sites as the
second data set and will be used to assess the
classification accuracy. The locations used for
validation will not be the same as those used
for classification training to avoid potential
positive bias in the accuracy assessment. The
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report will include an error matrix for all for-
est cover classes and other class. The error
matrix will be used to derive the producer’s
and user's accuracy and the Kappa statistic for
each class and overall accuracy. The accuracy
report for the final classification is shown the
Table 6, section 4.2 of this paper.

4. Results

4.1. The parameter of structure and biomass
of forest

The results from the sample plots were
used to calculate the parameters of structure
and woody volume of forest cover at Yok Don
National Park for the current state of six forest
cover types including (1) Evergreen broad-
leaved rich forest (EB rich forest); (2) Ever-
green broad-leaved medium forest (EB medi-
um forest); (3) Evergreen broad-leaved poor
forest (EB poor forest); (4) Dry open diptero-
carps rich forest (DD rich forest); (5) Dry
open dipterocarps medium forest (DD medi-
um forest) and (6) Dry open dipterocarps poor

forest (DD poor forest). The parameters of the
structure of forest cover including the diame-
ter of breast height at 1.3 m position (D1.3 >5
cm), height at from bottom to top of the wood
tree (H), the density of wood tree/ha (N/ha).

The woody volume (V) of each tree was
calculated by using the Equation (1) (FAO-
FRA, 2000; Vo Van Hong et al., 2006) which
uses the basal area of a tree at breast height
(G) in square meters (m2), total tree height
(H) in meters (m) and the conversion factor
(F). It is worthful to mention that the wood
volume (V) in Equation (1) (Vo Van Hong et
al., 20006).

V=GxHxF

In Equations (1):

V is the woody volume (m”*)

G is the basal area of tree at breast height
1.3m in squared meters (m®)

H is the total tree height (H) in meters (m),
and

F is the conversion factor (F).

The results are shown in the Table 4.

(1)

Table 4. The parameters of the structure and woody volume of forest

No. Class D;;(cm) H (m) N/ha (tree.ha™) V (m’.ha™)
1 EB rich forest 29.99 13.78 777.63 407.96
2 EB medium forest 17.21 10.29 938.50 129.52
3 EB poor forest 12.51 6.17 580.00 36.27
4 DD rich forest 26.38 13.78 802.46 305.22
5 DD medium forest 17.62 11.03 1048.61 151.65
6 DD poor forest 13.18 7.79 1172.90 75.21

4.2. Land cover mapping

The results of the land cover map based on
supervised classification of Landsat 8 OLI,
2015 shown that the EB rich forest 7.79 thou-
sand ha (6.74%), EB medium forest area is
13.48 thousand ha (11.67%), EB poor forest
area is 3.72 thousand ha (3.72%), DD rich
forest area is 16.69 thousand ha (14.45%) DD
medium forest area is 50.09 thousand ha
(46.05%), DD poor forest area is 21.63 thou-
sand ha (18.73%), Other land cover area is
829.82 ha (0.72%) and Water body area is 701
ha (0.61%). The results of land cover map-
ping are shown in Table 5 and Figure 7.

The results from Table 5 and Histogram 1
are shown that total area of evergreen broad-
leaved forests is 25,578 ha (22.14%) and the
total area of dry open dipterocarps forests are
88,435 ha (76.54%) and another object is
1,531.86 ha (1.33%). In there, medium forest
(both EB and DD forest) occupies the largest
area is > 55.03%, and followed by the poor
forest (both EB and DD forest) is 22.45% and
the rich forest (both EB and DD forest) is
21.19%. The final land cover map with the
15-m resolution provided and is useful for
forest management (Figure 7).
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We also used the 30 forest sample plots
provided by the Forest Inventory and Planning
Institute (FIPI, 2014) for estimating the accu-
racy of the classification method. The results
of the assessment accuracy are shown in Ta-
ble 6 below:

The results of the assessment accuracy of
the land cover mapping in 2015 in Yok Don
National Park are shown 88.37% as overall
accuracy, 89.35% as producer accuracy and

Table 5. Land cover area of Yok Don National Park in 2015

90.60% as user’s accuracy. Although this re-
search used satellite imagery from Landsat 8
OLI, however, the accuracy of the land cover
map was not much different when compared
to previous research also in this research area
and used images 2004, 2010 from SPOT 5
satellite with 10 m x 10 resolution (Luong et
al., 2015). Because, in this research, we used a
quality sample plots and nearly double that in
the previous research.

No. Class name Area (ha) Percent (%)
1 EB rich forest 7,790.38 6.74
2 EB medium forest 13,485.85 11.67
3 EB poor forest 4,301.92 3.72

Sub-Total 25,578.15 22.14
4 DD rich forest 16,699.52 14.45
5 DD medium forest 50,099.39 43.36
6 DD poor forest 21,636.60 18.73
Sub-Total 88,435.51 76.54
7 Other land cover 829.92 0.72
8 Water body 701.94 0.61
Total 115,545.51 100.00
50
45

.
o wnm o

Percent area (%)
i L e e A ]
= th

o= h O Lh

s = |I

EBrich EBmedium EB poor
forest forest forest

DDrich DD medium DDpoor Other land Water body
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Histogram 1. Land cover area (%) in Yok Don National Park in 2015

We also compared the classification results
of this land cover map in this research with the
results of the biomass map, which was done by
the same author and the same study area
(Luong and et al., 2016). If we put a regulation,
biomass (Rich forest > 351 Mg. ha”', Medium
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forest from 151 - 350 Mg. ha”, Poor forest
from 0-150 Mg.ha™") and woody volume (Rich
forest > 301m’.ha’’, Medium forest from 101 -
300m’.ha”, Poor forest from 0-100m’ha™).
The results of the comparison between two
maps about forest cover area/biomass area have
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shown that: Rich forest (21.20%/20.82%), Me-  that: There was not much difference about area
dium forest (55.03%/63.01%) and Poor forest from two maps and these results are
23.77%/16.17%). This comparison confirms reliable.
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Figure 7. Land cover map of Yok Don National Park in Central Highlands of Vietnam
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Table 6. Confusion matrixes for land cover classification of the Landsat 8 OLI data

Ground truth

Mapped class EB rich EB medium EBpoor DDrich DD medium DD poor Otherland Water User accuracy
forest forest forest forest forest forest cover body  Total

EB rich forest 3 3 100.00

EB medium forest 4 4 100.00

EB poor forest 1 4 5 80.00

DD rich forest 4 4 100.00

DD medium forest 9 9 100.00

DD poor forest 1 4 5 80.00

Other land cover 5 1 6 83.33

Water body 2 5 7 71.43

Total .. K S 4 4 0 4 T 6
89.35

Producer' accuracy 100.00 80.00 100.00 100.00 90.00 100.00 71.43 83.33 90.60

Overall accuracy 88.37

5. Conclusions

For developing a detailed forest cover
map, where the region is the tropical mon-
soon, along of the rainy season and the dry
season is distinctive, with evergreen and de-
ciduous forests. The first: optical satellite data
from the dry season to help us accurately dis-
tinguish of evergreen forests and deciduous
forests. The results indicated that total Ever-
green broad-leaved forests area are 25,578 ha
(22.14%) and total Dry open dipterocarps for-
ests area are 88,435 ha (76.54%) and another
object is 1,531.86 ha (1.33%). The second: the
combined with optical satellite data from the
rainy season helps a detailed classification of
classes from the evergreen forest and the de-
ciduous forests. The detailed results indicated
that Evergreen broad-leaved rich forest is 7.79
thousand ha (6.74%), Evergreen broad-leaved
medium forest area is 13.48 thousand ha
(11.67%), Evergreen broad-leaved poor for-
est area is 3.72 thousand ha (3.72%), Dry
open dipterocarps rich forest area is 16.69
thousand ha (14.45%), Dry open dipterocarps
medium forest area is 50.09 thousand ha
(46.05%), Dry open dipterocarps poor forest
area is 21.63 thousand ha (18.73%), another
land cover area is 829.82 ha (0.72%) and Wa-
terbody area is 701 ha (0.61%). The results of
the assessment accuracy of the land cover
mapping showed that 88.37% of overall accu-
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racy, 89.35% as producer accuracy, and
90.60% as user’s accuracy. The detailed land
cover map with the 15-m resolution provided
and is useful for forest management for the
study area. This research concluded that: for
the detailed classification of forest cover,
where there are the rainy season and the dry
season, and forest cover area has included
both evergreen forest and deciduous forest,
the choice of optical satellite data from both
seasons is important and necessary.
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