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Spatial and temporal analysis of the forest cover change on a protected area in Southern
Myanmar using remote sensing data: Applications to forest conservation
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Dr. Mamorou Kanzaki (Professor)®

2 Division of Forest and Biomaterials Science, Faculty of Agriculture, Kyoto University, Japan
® Remote Sensing & GIS Section, Planning and Statistics Division, Forest Department, Ministry of Natural
Resources and Environmental Conservation, Republic of Myanmar

Abstract

As the human population increases in Southern Myanmar, forest area is gradually
shrinking and being transformed into other land use land cover types. This study investigated
the forest cover dynamics in the protected area (PA), named as Tanintharyii Nature Reserve
(TNR). The area covers approximately 1700 km2. TNR was declared as a PA in 2005 under
the management of Myanmar Forest Department (FD), by the financial support of three
International Gas Pipeline Companies as compensation for the pipelines’ passing through the
reserve forest. Firstly, land use/land cover (LULC) change of the study area for the years
1990, 2006, and 2017 were spatially and temporally analyzed, with LULC eight categories.
The comparison of the LULC between PA and a 10-km buffer zonation surrounding it was
also undertaken to evaluate the PA management effectiveness. Secondly, the most
determinant factors contributing to LULC change were analyzed from the information of
field observation and key informant interview. During the study period, the dense forest in
the PA was decreased markedly at low elevations, with the overall cover by dense forest
decreasing from 81% in 1990 to 67% in 2006 before protected and continuously declined to
59% in 2017. The results showed that the average annual forest degradation rate increased
from —0.41% yr-1 before protection to —0.72% yr-1 after protection, and the deforestation
rate increased from —0.12% yr-1 before protection to —0.52% yr-1 after protection. Inside the
PA, forest degradation and deforestation were found both before and after protection in 2005
due to agricultural land expansion around the settled villages and logging activities by the
ethnic villagers and outsiders. Based on the interviews and observation results, we concluded
that in the buffer zone, the livelihood patterns of the local people changed gradually from
shifting cultivation to fruit orchards and rubber plantations due to regional development
programs, that was financially supported by the pipeline projects. This study indicated that
the FD management practices in the PA were needed to improve. The future management of
the TNR should prioritize the initiation of eco-development projects, the establishment of
village-owned tree plantations, and eco-tourism, together with good collaboration between
the local forces and central government.

Keywords: Land Use Land Cover Change, Forest cover change, Deforestation, Protected area,
Landsat image, Remote sensing and GIS



Spatial and Temporal Analysis of the Forest Cover Change on a Protected Area in

Southern Myanmar Using Remote Sensing Data: Applications to Forest Conservation

1. Introduction

Tropical forests continue to be depleted, both qu

antitatively and qualitatively, at ever-increasing rates (Hadley, M. and Lanly, 1982;
Melillo et al, 1985; Molofsky et al, 1985; Myers, 1980, 1985). The conversion of natural
habitat to other land uses is the major driving force behind worldwide biodiversity loss (Sala
et al., 2000). Shifting cultivation has been blamed for large-scale deforestation and forest
degradation in tropical region (Mukul & Herbohn, 2016).

Deforestation is particularly severe in Southeast Asia, such as lowland rain forests, are
being destroyed at relative rates that are higher than those of other tropical regions (Achard et
al., 2002), due to agricultural expansion, logging, habitat fragmentation and urbanization.
South East Asia, local and regional land-use and development policies have been developed
to reduce shifting cultivation due to a perceived negative impact on environment (Fox et al.,
2009; van Vliet et al., 2012). Southeast Asian uplands, there is an agricultural transition
underway from subsistence production based on shifting cultivation to commercial
production based on tree crops (Manivong & Cramb, 2008).

The establishment and management of protected areas (PAS) is important in protecting
landscapes, achieving biodiversity conservation, and delivering essential ecosystem services
(Watson et al, 2014). Many local communities, particularly in developing countries, are
profoundly dependent on protected areas for energy, employment, medicine, and other
subsistence needs (Bahuguna, 2000).

Studies have shown that these lands are generally effective in reducing deforestation
within their boundaries, although some protected areas were not significant in reducing forest
loss (Naughton-Treves et al., 2005). Many protected areas struggle in maintaining and
improving their relationship with communities given resource and land-use restrictions, and
equivocal governance approaches (Djomo Nana & Ngameni Tchamadeu, 2014; Snyman,
2012).

In 1990, more than half of the remaining forests in mainland Southeast Asia could be
found in Myanmar (Dinerstein et al., 1993). Myanmar’s burgeoning populations and high
poverty levels have increased pressure on its natural resources and protected areas (PAs,
Lwin et al., 1990). Myanmar’s protected area (PA) system began nearly 150 years ago under
royal patronage (Myint Aung, 2007). In Myanmar, Protected Area System (PAS) is
administered in accordance with the Protection of Wildlife and Wild Plants and the
Conservation of Protected Areas Law (1994) and Myanmar Forest Policy long run.

According to the data from Forest Resource Assessment (FRA in 2005) indicated
50.2% (FAO, 2006), then is rapidly decreasing from about 46.96% in (FAO, 2010) to about

42.92% (UN FAO, 2015) of the total land area (676,577 kmz). Agricultural expansion,
shifting cultivation, conversion of forest to plantations are the main causes of habitat
degradation and loss (FAO, 2010). AGRAWAL et al., 1999 said that community must be
examined and considered in the context of development and conservation by focusing on the



multiple interests and actors within communities, on how these actors influence decision-
making, and on the internal and external institutions that shape the decision-making process.

As the human population increases in Southern Myanmar, forest area is gradually
shrinking and being transformed into other land use land cover types. Historical baselines of
forest cover are needed to understand the causes and consequences of recent changes and to
assess the effectiveness of land-use policies (Kim et al., 2014). The reason why | would like
to carry out this research is very limited and updated international scientific study about the
investigation of deforestation rates in this region. This research area has been experiencing
with several threats to forest, especially land use land cover change, surrounding Taninthayii
Nature Reserve (TNR).

Understanding the rates of deforestation, and spatial and temporal change of forest cover
will contribute to plan sustainable forest management and biodiversity conservation. Thus,
this study evaluated land use land cover (LULC) change by integrating high technology
Remote Sensing, GIS methods, Landsat satellite images and key informant interviews to
examine the conditions and livelihood pattern in finding out the determinant factors on land
use land cover change, focusing on forest cover change (namely deforestation). The primary
purpose of this study is to contribute the scientific information and knowledge essential to
policy formulation, biodiversity conservation planning and land resource management. The
first objective of this research was to understand the spatial and temporal change of forest to
other land use land cover- for which we needed to compare within the protected area, and
outside in the adjacent surrounding the landscape. More specifically, we aim to answer the
following three research questions

a) How is spatially and temporally changing from forests to other land use land cover

(LULC) inside PA and their surrounding areas?
b) What is the annual rate of deforestation and forest degradation inside PA and their
surrounding areas?

c) What are the situations and effectiveness of PAS management in Myanmar?

2. Materials and Methods
2.1 Study Area

The study area was selected in a strictly protected area named as Taninthayii Nature
Reserve (TNR), located in Taninthayii Region (formerly called Division), Southern Myanmar
(Fig. 1). It extends approximately 1700 km?, locates in 14° 20” N to 14° 57” N latitude and
98° 5” E and 98° 31” E longitude. The average minimum and maximum temperature are from
13-37 °C during the period of 10 years (2008-2017). The average annual rainfall is 5363 mm
during the period of 10 years (2007-2016) (unpublished official data, Dawei District Forest
Department, 2017). The elevation is ranged from 15 m near the sea side to 1400 m alongside
of the Thailand boundary.
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Figure 1. Location of study site, 10km buffer, three international gas pipelines and villages inside and
surrounding TNR

TNR is almost covered by tropical rain forest in high elevation sites, mixed deciduous
and bamboo forest in the lowlands. This Tropical rainforest is considered as the richest,
oldest, most productive and most complex ecosystem on earth. It has 5 critically endangered
species and 5 endangered species (Thein, 2007). Taninthayii Nature Reserve (TNR) is a
biodiversity hotspot area, was comprised of three reserves, namely the eastern part,
Kaleinaung, Heinze and Luwaing Reserve, were formerly demarcated in 1885, 1902 and
1932 under the management of Forest Department (FD).

It was changed and declared as a strictly natural protected area in 2005, namely,
Taninthayii Nature Reserve (TNR), by the financial support of three International gas pipeline
companies. These pipelines exploited and transported the gas from off-shore sea area to the
Thailand site, shown in Fig. (2). It is a long-term project (2005-2028), as compensation
financial support for impacts on biodiversity along the pipeline route because of pipelines
passing across the center of these forest reserves.

This is the first collaborative project between the Ministry of Natural Resources and
Environmental Conservation, represented by Forest Department and two International
Corporate (Corporate Social Responsibility) for conserving natural resources through the
participation of local people. Each company supports $ 600,000 for four-year work plans
(one phase). The budget was $1.2 million coming from each two companies in the first two
phases (2005-2012). In 2012, Andaman Transportation Limited (ATL) representing the



Petroleum Authority of Thailand Exploration and Production International Limited (PTTEPI)
a fellow Oil and Gas Company joined the consortium and have agreed to co-finance the
project starting from the third phase (Saw Win & Maung Maung Pyone, 2012) as Fig. (3).

\\\\\\\\\

.sT =N\ '

P B A
5 o F;“:‘: /f P Y 0
| o Loy i ) ‘o bcks
( /) ,,]/7 ) })7 ]
04 w4

Source: (Yadana Consortium, 2012)
Figure 2. Map shows the one route of gas pipelines from the off-shore to TNR, finally to Thailand
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Source: (Pollard, Hlaing, & Pilgrim, 2014)
Figure 3. TNR project development and project phase running structure

This is the first collaborative project between the Ministry of Natural Resources and
Environmental Conservation, represented by Forest Department and two International
Corporate (Corporate Social Responsibility) for conserving natural resources through the
participation of local people. Each company supports $ 600,000 for four-year work plans
(one phase). The budget was $1.2 million coming from each two companies in the first two
phases (2005-2012). In 2012, Andaman Transportation Limited (ATL) representing the
Petroleum Authority of Thailand Exploration and Production International Limited (PTTEPI)
a fellow Oil and Gas Company joined the consortium and have agreed to co-finance the
project starting from the third phase (Saw Win & Maung Maung Pyone, 2012).

There are over 34 villages, in the vicinity of TNR, in Fig. (1). There are over 30
villages within 10 km buffer and 11 villages on or inside TNR, the settled population is
around 20845 (unpublished, Township Administration Office, 2017). There is a long history
of settlement and four ethnic groups are now found settled. Namely, Dawei, Karen, Mon
tribes and little Burma were mixed dwelling and migrated Karen and Mon tribes were
dominant. Kayin (Karen) and Dawei tribes seem to be forerunners in the known history of
settlement for more than 200 years. (unpublished, TNR operational management plan, 2017).
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2.2 Data Sources

In this study, three pairs of bitemporal clear, cloud-free Landsat images were selected
and checked many times to classify the study area: 1990 (Landsat 5 TM); 2006 (Landsat 5
TM) and 2017 (Landsat-8 OLI & TIRS) (Table.1 & 2). All satellite imageries were freely
downloaded during the open season from the United States Geological Survey (Earth
Explorer Website, https://earthexplorer.usgs.gov/). Landsat images 1990 and 2017 year were
being able to acquire the cloud cover percentage less than 1, image quality is 9. During the
2006 period, Landsat image was found partial cloud, line stripes at the margin of images.

Table 1. Detailed list of applied data in this study

. Acquisition
Type/ Resolution q[;:ltle ! Path/ Row Data Sources Reasons
Landsat-5 TM Jan 29, 1990 | 131-050, USGS Earth | Classification
(30 meter) Feb 23,1990 | 130-050 Explorer
Landsat-5 TM Feb 10, 2006
(30 meter) Mar 07, 2006
Landsat 8 OLI_TIRS | Jan 23, 2017
(30 meter) Feb 1%,2017
Sentinel-2 Feb 9™,2017 | 3- Imagery Earth Explorer Validation for 2017
image classification
ALOS AVNIR-2 Dec 10", | ALAV2A Myanmar Forest | Validation and
2008 153323300 Department supporting for 2006
image classification
ASTER Global DEM- | October, 2011 | 3- Imagery Earth Explorer Checking the elevation
2
Topo and historical | 1945, Myanmar Forest | Validation for three
Maps (Secondary) 2010 & 2015 Department periods

2.3 Data collections

Key informant interviews

This study examined the village conditions and livelihood pattern in finding out the
determinant factors on land use land cover change, focusing on forest cover change (namely
deforestation). We conducted in-depth interviews with TNR project staff, few village heads,
RECOFTC regional staff, related institutional local staff to understand the situation of local
livelihood, any regional conflicts, difficulties and opportunities on forest monitoring. We
explored various situations, and observations basically, the historical baseline information
about the region.

Field verification

Field visit was carried out during the month of November and December 2017. We
manipulated and collected GPS points (over 400) training samples, and recorded the photos
attaching with GPS points. The ground checked points were conducted (1) within buffer zone
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and (2) into south part of TNR buffer and (3) alongside of maintenance road construction
inside TNR (protected area) (Figure 1).

Table 2. Summary of ancillary datasets for LULC change analysis used in this study

Category Data Coverage Use
Ancillary Data | Topographic/ | Taninthayii Nature Reserve | Use for accuracy assessment
UTM Maps topo map 14 sheets 1945 of 1990 image classification

report

National forest

GIS shapefiles

GCPs Data

Published by Forest
Department, 1990-2015

TNR boundary, pipelines,
road networks, township,
Reserve forest, settlements

Ground control points
(GCPs) during the field work

To find out the historical
and current issues on
deforestation of TNR

To access the roles of
settlement expansion on the
rate of deforestation in the
protected area and
surroundings

Methodology Flowchart

Remote Sensing and GIS Analysis

¥

Satellite Image
Landsat Data
(1990, 2006, 2017)

)

Field

observations

Drivers of
Land Use

Field Data

Preprocessing

Land Cover

Collection

)

Change

+
Training Samples

Subset of Study Area

!

i

]

Supervised Maximum

Land Use Land
Cover Partition
Change Detection

T

|

v

Key Informant
Interview
with Village
Leaders and
Government Staff

—>

| Likelihood
idati lassification
Validation Classi :ca
(Topo & UTM Land Use Land Cover
sheets, Mans
ALOS AVNIR-2, ‘p
Sentinel-2,
Google Earth Pro) | 7] Accuracy Assessment

and Thailand Buffer)

Partitions Assessment
Creating 10-km buffer
(Myanmar Buffer, TNR

Figure 4 Methodology flowchart that was used in this study

Image preprocessing

After acquiring the satellite images of the study areas, preprocessing stage was

applied to the research interest area by using the ENVI 5.5 software package. Radiometric
calibration was done in FLAASH (First-line of sight of atmospheric analysis of hypercubes)
function to correct the data for sensor irregularities and unwanted sensor or atmospheric
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noise, (Figure 4) Atmospheric corrections should be carefully carried out to remove the
effects of the atmosphere on the reflectance values of images taken by satellite or airborne
sensors (Resources, 1976). Then, pair of images were combined by using the mosaicked
(georeferenced based or seamless/ feathering) function and were extracted the area of interest.
Image enhancement is to improve the appearance of the imagery to assist in visual
interpretation and classification (Resources, 1976).

Image classification

First, supervised maximum likelihood classification was applied to Landsat images
acquired in 1990, 2006 and 2017, respectively (P Mondal, J Southworth (2009). Maximum
Likelihood method is one of the most popular supervised classification method used with
remote sensing image data, and Al-Ahmadi & Hames (2009) found that this method gave the
best results among of four classification methods. For our objective, we created 10 km buffer
outside of TNR (Mondal & Southworth, 2010; Nagendra et al., 2006) from TNR boundary,
not only Myanmar side but also to Thailand side to spatially investigate the neighboring
country effect to the Myanmar forest (Figure 1).

Definition of land use land cover classes
Table 3. Definition of land use land cover (LULC) categories with FAQO definitions (FAO

FRA, 2012)
LULC class Description
1 Dense Forest >40% (canopy cover)
2 Open Forest 10-40% (canopy cover)
3 Other Wooded Land < 10% (canopy cover)
4 Scrubland lower shrubs, thatch
5 Grassland Green and dry grass, Grazing land
6  Agricultural Land Crop land, cultivable land, orchard, rubber/ oil palm
plantation
7 Others Settlement, bare land, rocky, transportation
8  Water Permanent open water, streams, rivers, reservoirs

Post-classification

After classified thematic maps were developed, post-classification process was the
last process in classification; (1) majority filter step for refining the thematic maps, (2)
accuracy assessment; producer and user accuracy assessment, overall accuracy and kappa
coefficient, was tested by methods of accuracy assessment commonly used the error matrix)
by ArcMap (10.5) and Envi (5.3) software packages and Google Earth engine.

Partitioning the landscape

Furthermore, the management effectiveness of protected area was analyzed depending
on different township landscape. Depending on eight LULC categories, TNR part is divided
into three zones based on the two main reasons; gas pipelines across and township boundary
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divided to Yebyu and Dawei Township. Such landscape segmentation enables us to associate
different zones of the landscape with measures of landscape deforestation and forest
degradation, based on the identification of distinct patch features, we created the eight
partition zones as shown in Figure 5.

swovE sw150E sw300E
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T T T
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Figure 5. Map shows buffer 10 km, eight zonesu(;f landscape zonation, sample villages, gas
pipelines, main road, international pipelines within Myanmar and protected areas inside
Thailand.

Accuracy assessment

Accuracy assessment were executed for 1990, 2006 and 2017 LULC maps,
respectively. A most common and typical method used to assess classification accuracy and
overall accuracy is the use of an error matrix (Congalton & Green, 2009). The Kappa
Coefficient was used, one of the most common means of expressing classification accuracy.

By using ArcMap (10.5) software tool, we employed the stratified random sampling
points, considered based on the determined the number of land use land cover classes Eq. (1),
percentage of dominant LULC category (UTSA, n.d.).

Based on multinomial probability theory:

N:% Eq. (1)

Is the proportion of a population in the i™ class out of k classes that has the proportion
closest to 50%, b; is the desired precision for this class, B is the upper (o/k) *
100 th percentile of the chi square x* (x2) distribution with 1 degree of freedom, and k is the
number of classes?

Deforestation and forest degradation rates

By using the standard formula, deforestation and forest degradation rates were
calculated within TNR and Myanmar Buffer Zone. The following formula was used to
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estimate the rate of changes of forest cover between the period; 1990-2006, 2006-2017 and
1990-2017.
Deforestation = complete conversion of forest to non-forest

Gross forest degradation = closed forest to open forest (Uryu et al., 2008)
Forest cover and deforestation rates were calculated for the sub-time step datasets
using the standardized approach proposed by Puyravaud, (2003).

. . 1 A2
Deforestation or Degradation rate per yr = {[time 7 time A1 * log (E)} * 100

Where:
Al =Forest Area (Dense and Open forest) or Dense forest at beginning of time step
A2  =Forest Area (Dense and Open forest) or Dense forest at end of time step
Time A1 = Year and day count as digit number of beginning of time step

Time A2 = Year and day count as digit number of ends of time step

3. Results
Distribution of LULC inside TNR

There are numerous changes over time, and different location. The dominant land-use
and land-cover for all three mapped years were forest including both, two forest categories
(dense forest- 81% in 1990, 70% in 2006 and 58% in 2017) and open forest (8% in 1990,
15% in 2006 and 16% in 2017) within TNR (Table 7 and Figure 6). Agricultural land
changed over time, firstly, existed stably at 2% in 1990, 1% in 2006 and dramatically
increased up to 11% in 2017 (Table 7). Periodically, dense forests declined from 81% in
1990 to 70% in 2006 and seriously continued down to 58% in 2017. During the period of 27
years, dense forest moderately transformed to open forest and gradually transformed to
degraded vegetation (combined with wooded land, scrub land and grassland) and agricultural
land category (Figure 7).

In 1990 supervised classify image, there is less area of agriculture and settlement in
the first period (Figure 6a). However, we found the forest degradation, named as open forest,
wooded land and scrub land near the boundary of TNR. In the first period, open forest area
became larger about two times from 8.11% in 1990 to 15.59% in 2006 (Table 7). Starting
from 2006 thematic maps, the forest was suffered degraded surrounding the area of the
pipelines route and also low elevation area (Figure 6b). Further, large area of wooded land
was occurred increased nearby the settled villages, specially it is serious in the northern part
and southern part of TNR. Gradually, wooded land moderately changed to the scrub land.
The scrub can be observed in the north part of TNR in 2006, eventually, both categories like
wooded land and scrubland transformed to the agricultural land near the villages and low
elevation area in 2017 (Figure 6c).

Distribution of LULC within Myanmar buffer

Within 10-km buffer zone in Myanmar, the dominant categories were scrub land
(45% in 1990) in the first period, before protection. Other side, wooded land (8% in 1990 up
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to 23% in 2006) were regained and scrub land decreased from 45% in 1990 to 25% in 2006
year, assumed by the activities of natural growth pattern. During the three periods,
agricultural land existed 12% in the whole area of Myanmar Buffer (MB) in 1990 and
slightly decreased to 10% in 2006, then, greatly rose again to 56% in 2017, given in
Appendix, Table 7 and Figure 6 and 7.
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Figure 6. LULC Maps that was derived Landsat imageries within the protected area and 10 km buffer;
(a) in 1990, (b) in 2006 and (c) in 2017

At first, agricultural land was mostly found in the northern part and southern part
outside TNR, Figure (6a). The dominant category is scrub land in 1990, it might be resulted
from shifting cultivation. It was replaced by the wooded land, as fallow land, due to the effect
of natural regeneration pattern, distinctly, in south side of pipelines across that is hillside area.
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According to 2017 LULC map, after a long time, most of the degraded vegetation was finally
converted to the agricultural land within 10-km buffer inside Myanmar, particularly, along
the main road and lowland area and other category like urban area was distinctly appeared in
the southern part of TNR buffer, Figure 6¢. Outside of TNR in former period, most area of
northern part that was located inside Mon State was covered with dense forest. In addition,
some parts of southern part in Buffer, that is falling into the different township called as
Dawei Township, were still covered with forest. During the second period, there is seriously
change of land use land cover in northern and southern part of buffer, located in Mon and
Dawei area, Figure 6b. At the time of protection in 2006, land use land cover categories
within Myanmar buffer zone were proportionally distributed from the largest percentage of
each category (scrub- 25%, wooded land- 23%, dense forest- 21% and open forest- 17%),
Appendix, Table 7. From 2017 classified results, we found that dense forest remained the
stable conditions by expressing the area percentage (21% in 2006 and 20% in 2017), however,
naturally preserved in different locations over time. Eventually, we observed that open
forestand degraded vegetation, such as wooded land and scrubland slowly altered to
agricultural land (land cover change) after being protected for 11 years, illustrated in Figure
6cC.
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Figure?. Situations on LULC Change during the whole study period within the protected area and 10 km buffer;
(a) in 1990, (b) in 2006 and (c) in 2017

Distribution of LULC inside Thailand buffer

In the first period, the dominant land use land cover categories were dense forest
(58%), Table 7. Later, dense forest declined from 81% in 1990 to 40% in 2006, transformed
to open forest was attained increasing from 14% in 1990 to 25% in 2006, as well, wooded



17

land 10% in 1990 to 23% in 2006. In contrast, dense forests (40% in 2006 to 45% in 2017)
were regained again from open forest and wooded land area. In agricultural land category, it
was changed over time (5% in 1990, 1% in 2006 and 8% in 2017) and depending on different
locations and situations, Figure 6 and Table 7.

Landscape partitions assessment

Zonal distributions of LULC inside TNR

Depending on eight LULC categories, TNR part is divided into three zones based on
the two main reasons. Zone 3 (Z_3) is located at northern part of gas pipelines, the most
deteriorated area. Zone 4 (Z_4) is a least disturbance area in the middle part of TNR or
southern part of gas pipelines falling into the Yebyu Township. Zone 5 (Z_5) situated in
south part of TNR, one location of human colonization and disturbed area.

We analyzed different patterns and the drivers of change inside the three zones
between 1990, 2006 and 2017 year. Where the density of village settlements was greatest at
the northeast to northwest sides, there was covered with less forest area in 2017. At the first
analysis 1990, the dominant category was dense forest (37566 ha, 82% of Z_3), (53144 ha,
80% of Z_4) and (40437 ha, 83% of Z_5), respectively, there was no specific difference on
the percentage of forest cover in three zones as explained in Appendix, Table 8 and 9.

In Zone_3, the net decrease of dense forest is greater in the second period (15%) than
in the first period (during 11 years) (13%). Among of three zones, Zone_3 seriously suffered
by the actual circumstances of not only dense forest deterioration (forest degradation) but
also total forest area conversion (deforestation). In Zone_3, deforestation patterns (actual
decrease, 18%) than forest degradation (actual decrease, 15%) mainly occurred after
protection, just in case, natural vegetation was altered into another different category as
agricultural land. It was remarkably experienced by the expansion of cultivable land
(agricultural area) up to 17% in 2017 nearby Mon State, that occupied into different region
and management system. Furthermore, we discovered open forest existence fluctuated from
primary existence 10% in 1990, expanding 15% in 2006 and shrinkage again up to 12%,
Table 9. The dense forest in Zone_3 among of three zones declined around 80% in 1990 to
54% in 2017, forest became degraded.

Like Zone_3 agricultural enlargement, there was similarly happened the same
situation inside the place of Zone_5, that locates in the southern part of TNR. We obviously
discovered the least deforested part is Zone_4 in the middle part of TNR, it experienced the
less agricultural expansion 6% than 17% in Zone 3 and 11% in Zone 5. In contrast, forest
degradation rate is the highest one than other two parts (open forest- 19% in Zone 4, 12% in
Zone 3 and 18% in Zone 5). We found that forest degradation was critically experienced and
steadily increased inside Zone_4 and Zone_5 than Zone_3 throughout 27 years.

Zonal distributions of LULC within Myanmar buffer zone

Figure 6 a, b, c. visualized land use land cover distribution over time. The individual
classification from 1990 and 2017 depicted the impact that the 34 villages scattered in the
different landscape. In all four zones, the area under dense forest has decreased substantially,
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while the area under non-forest categories has increased, indicating that the scrub areas over
different landscape area regenerating to wooded land in some parts.

During 1990-2006 in Zone-2, forest cover was remarkably degraded to non-forest.
Ordinarily, the dense forest cover of Zone_2 was considerably greatest percentage (14004 ha,
82%) among all four zones, followed by Zone 6 (14554 ha, 47%) and the least forest
persistence occurred in Zone_7 (5891 ha, 13%) and Zone_8 (12124 ha, 17%) in 1990, Table
8 and 9 in Appendix. According to the 1990 classified results, the scrub land, that seems from
the results of shifting cultivation and the fallow land that was abandoned after practicing the
shifting cultivation, was found as the most dominant category inside Zone_7 and Zone_8 at
the first period.

In Zone 7, the dominant category in 1990 was indicated as scrubland (28559 ha,
63%), followed by agricultural land (7412 ha, 16%), dense forest (5891 ha, 13%), explained
as Appendix, Table 8 and 9. However, there is a substantial decrease in the area of scrubland
(20066 ha, 44% in 2006), partially transformed to agricultural land as a dominant category
(became as 74% in 2017). At the same time, in Zone 8, the dominant land cover category was
occupied as scrubland (36896 ha, 51%), followed by agricultural land (9883 ha, 14%) and
wooded land (9796 ha, 13%) in 1990. Later, there is certainly a substantial change in the
number of LULC categories, wooded land was resulted as a most influenced category (24796
ha, 34%), and scrubland decreased to (16903 ha, 23%) in 2006, and then agricultural land
was visible as a dominant category (43433 ha, 60%), followed by dense forest (11394 ha,
16%) and scrubland (7034 ha, 10%) in 2017.

Deforestation and forest degradation rates

Firstly, when we look up the calculated results on protected area as shown in Table 5,
the deforestation rate (-0.52%) after protection was greater than the rate (-0.12) before
protection, shown in Table 5. Similarly, the forest degradation rate is steadily higher than the
deforestation rate at the time of before and after protected situation both. Outside TNR,
within Myanmar buffer area, we observed the condition of reforestation, that means natural
regrowth pattern, (0.4%) was attained during the first period. The tremendous forest clearing
to another land use land cover, that means deforestation (-1.75%) was found during the
second period (2006-2017), while the protected area was being established and gas pipelines
project initiated.

During 27 years, 1990-2017, the mean annual deforestation rate (-0.28) experienced
lower than the forest degradation rate (-0.54), (Table 5). Throughout the time of 27 years, the
mean annual deforestation rate was higher within buffer than inside TNR, nevertheless, the
mean annual forest degraded rate inside TNR was greater than outside TNR, protected area.

Comparing the areas outside and inside the protected area, outside TNR experienced
the greater forest degradation in the first period, moreover, highest deforestation rate (-1.75)
was occurred during second period.
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Table 5. Rates of deforestation and forest degradation inside protected area (TNR) and within their 10
km buffer of Myanmar during the study period

L ocation Study period Deforestatic_)ln rate Degradat_ilon rate
per yr yr
1. TNR, protected area 1990-2006 -0.12 -0.41
2006-2017 -0.52 -0.72
1990-2017 -0.28 -0.54
2. Myanmar Buffer 1990-2006 0.40 -0.73
2006-2017 -1.75 -0.19
1990-2017 -0.47 -0.51

Accuracy assessment

Appendices A, Table 19, 20 and 21 show error matrices based on the supervised
maximum likelihood classification results of the years 1990 to 2017. The overall accuracy of
the TNR LULC 1990, 2006 and 2017 maps presented 82.6%, 85.2% and 88.2% and Kappa
coefficient of classification image dated 2017 was 84.3%, Table 6. It is high compare to other
images of 2006 and 2017 were 80.1%, 74.8%, respectively, as shown in Appendix Table 10,
11, 12.

Table 6. Summary of Landsat classification accuracies (%) for 1990, 2006 and 2017

Land use land 1990 2006 2017

cover class Producer's | User's Producer's | User's | Producer's | User's
Dense Forest 98.9 86.5 97.6 89.9 98.5 91.1
Open Forest 43.8 78.0 76.5 78.2 71.4 95.2
Other Wooded
Land 69.7 83.6 78.7 84.0 515 85.0
Scrub 93.2 79.0 89.2 76.3 80.9 79.2
Grassland 80.0 80.0 100.0 90.9 95.5 87.5
Water 83.3 50.0 100.0 | 100.0 100.0 40.0
Agriculture 515 74.5 52.9 94.7 95.7 87.3
Others 80.0 80.0 77.8 70.0 100.0 70.0
Overall accuracy 82.6 85.2 88.2
Kappa statistic 74.8 80.2 84.3

4. Discussion

Classification accuracy

We acquired the high accuracy of classification image in 2017 with the aid of ground
truth points and various ancillary data. Particularly, the Landsat 5TM images 1990 were not
vivid to clarify the determined LULC categories with the lack of reliable historical data.
Hence, during the field survey, we observed that the areas classified as shrub also included
young rubber plantation and open forest also included old rubber, oil palm plantations in
2006 LULC map. It is because the crown patterns of rubber plantation and shrub forest were
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similar to each other and sometimes they are mixed spectral reflectance with each other
(Like, Boundeth & et al, 2012).

Land Use Land Cover (LULC) change inside TNR

In this study, the results revealed that there is a considerable change in forest cover at
a faster pace. Different situations that influenced on land use land cover dynamics were
occurred on the location. Dense forest was potentially fragmented as the form of open forest,
that was legally and illegally logged during the time of 27 years.

In 1988, Ministry of forestry created income from the natural resource extraction, for
granting the logging activities to the national and international private companies both. They
granted contracts to foreign companies, Thailand companies. It improved access to virtually
undisturbed forest areas in the Taninthayii Mountain Range running along the Myanmar-Thai
border, (Taninthayi Nature Reserve Project, 2013). The resulting regular transports of logs to
Thailand provided opportunities legally and illegal trade in wildlife and forestry products as
well. However, in 1996, the Myanmar Government ceased allowing Thai logging companies
to continue operation in Myanmar due to gross violations by clear-cutting and logging
outside designated areas as well as exporting more timber than was specified (Seatec
International, 1999).

According to the Forest Law 17 (1992), it was stated that forest products may be
extracted for domestic or agricultural or piscatorial use and not on a commercial scale by
local people. Normally, local people near TNR extract small-sized timber for house buildings
and furniture making. Local people now use chainsaws not only for felling and logging but
also for sawing timber (Tin Swe, 2008). According to the key informant interview, FD staff
could not terminate the commercial scale of illegal logging that was generated by the
intruders, outsiders and settled indigenous armed society.

At the location of high elevation and deep slope, dense forest distinctly remained, and
natural regrowth was excellent. In low elevation, forests are mostly degraded and transformed
to another land use. Slope has been a distinct factor affecting the spatial pattern of village
expansion. Generally, people prefer to live on flat or gentle terrain (Estoque & Murayama,
2011).

Owing to the fact that the number of 9 villages colonized by Mon indigenous people,
named as ‘Mon Pyi Thit’ area. Since 1995, these villages are located inside northern TNR. As
a result, the obvious settlement of 9 villages on the periphery utilize forest products for
substantial use and orchard establishment inside TNR, which owing to their greater human
populations (Taninthayi Nature Reserve Project, 2013).

On the other side, the detrimental impacts on the forest, particularly forest degradation
was more severe at the middle part of protected area. There is still evidence of shifting
cultivations/ orchards particularly in the northern and southern parts of TNR up to 2010
(Taninthayii Nature Reserve Project, 2015). Beside this, we noticed from field observations
that these ethnic villagers’ practice as orchard-based shifting cultivation and extraction of
forest resources; felling timber and NTFP for substantial use and commercial selling.

Further, we noticed from key informant interviews and observation that ethnic people
mainly operated the logging activities with some buffaloes and using river route for carrying
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the drifted timber. In the PA patrolling case, when the project staff and forest department
investigated any sign or information relevance with the prohibited timber extraction,
encroachment, in-migration activities, they cannot fully control or halt such kind of activities
because some of them who are local forces firmly hold the guns. In the case of arresting the
felled logs or anybody, forest department staff are unexpectedly being suffered from the
attack of the illegal logging association due to guns-holding of two ethnic groups and human
dwelling inside the PA. Hence, there still exists minor conflicts that come from various kinds
of impacts between conservation efforts of forest department and resource extraction and
dependence of ethnic armed society on forest.

In the interior part of TNR, driving forces leading to deterioration of natural forests
were non-identical in southern part and northern part due to individual preferences and
customs of ethnicities. Northern part was mostly suffered by deforestation, for example,
agricultural expansion. Middle part was damaged by the gas pipelines construction and
agricultural encroachment near TNR boundary due to unclear boundary and less knowledge
of local people concerned with TNR boundary demarcation. Ethnicity in TNR south part rely
on forest resources, both agriculture and illegal logging because timber extraction is the
quickest way for these communities to realize rapid profits, like (Myint Aung, 2007).

Deforestation and forest degradation within TNR and Buffer

One important finding of this study was that, within PA and their surroundings, they
similarly experienced situation of deforestation and forest degradation on different spatial and
temporal scale. According to the calculated results, deforestation rate outside TNR was
remarkably higher than any rate than in the TNR interior. Demarcation as protected area can
lessen the conversion of forest to another land use. However, we discovered the appearance
of forest deterioration, called forest degradation. It was continuously increased from (-0.41)
to (-0.72) in the second period even though it was conserved and monitored as a naturally
protected area with pipelines project’s financial support. Figure shows the comparison of
annual deforestation rate of TNR and other studies: PMP; Popa Mountain Park, Bago
Mountain and FAO 2015 report. In the comparison of both two rates, forest degradation rates
were greater than deforestation pattern at any time, similar these studies in Myanmar Popa
Mountain Park (PMP) (Htun et al., 2009) and Bago Mountain area (Mon et al., 2010).

Comparison of annual deforestation rate of TNR
and other studies
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PMP Bago Mountain e FAQ
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Figure 8. Comparison of annual deforestation rate of TNR and other studies: PMP; Popa Mountain
Park (Htun et al., 2009), Bago Mountain (Mon et al., 2010) and FAO 2015 report estimated for
Myanmar

This study pointed out that after being protection, the rates of deforestation (-0.52)
and forest degradation (-0.72) was greater than any rate (-0.12) and (-0.41) before being
notified as a protected area. Dense forests were deteriorated and changed to open forests due
to the surrounding human disturbances, subsequently, transformed to non-forest categories
with the lack of strict conservation. At last, non-forest categories periodically changed each
other over time. This finding approved that the land use land cover change was highly
experienced at the level of the low elevation alongside the main road, near the river and
surrounding the human settlement area.

During the time of 27 years, dense forest gradually declined, and large area of open
forest gained. Non-forest area became greater from time to time, particularly, agricultural
land expanded to a greater amount. The three major threats bringing about land use land
cover change are (1) commercial illegal logging, (2) huge expansion of agricultural land by
the activities of two ethnic armed groups, and (3) pipelines construction. In local
circumstances, local people hugely practiced in shifting cultivation before TNR project
initiating.

Forest cover could not be maintained at a stable condition. Hence, resource
management strategies of TNR project monitored and managed by FD is still weak and less
effective on resource conservation. The Forest Department should concentrate its eco-
development activities on the villages located outside the park, justifying this focus by stating
that ‘“in the villages inside the Protected Area, no permanent development works will be
taken as they are to be relocated’’. Eco-development activities that allow these communities
to generate alternate sources of income could be very useful in reducing the levels of illegal
harvesting (Nagendra et al., 2006).

When we conserve and manage the natural forest, we should carefully consider the
social, economic and political factors of this region. This area is unlike another study area,
there are many interesting things and unique characteristics to deeply understand,
heterogenous ethnicity, minor conflicts hard to handle by national government. A focus on
institutions/ ethnic armed groups rather than ‘community’ is likely to be more fruitful for
those interested in community-based natural resource management (AGRAWAL et al.,
1999), and should promote not only the extension program but also the budget support by
national/regional government and incorporation with the NGO, INGO projects like effective
and well-planned long-term project.

5.  Conclusion and Recommendations

This study revealed spatial and temporal change of land use land cover, comparison
analysis inside the protected area and their surroundings, Myanmar buffer and Thailand
buffer. Remote sensing and GIS techniques were both applied to clarify land use land cover
change, focusing on forest loss, moreover, field observations data were integrated to
investigate the current and historical LULC information. By creating 10-km buffer starting
from the boundary of protected area, we analyzed the management effectiveness of protected
area in the comparison of forest cover change inside and outside protected area in Taninthayii
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Region, Southern Myanmar. The overall results illustrate the complex interactions between
social, economic and political situations, particularly, when ethnic heterogeneity is
considered.

Inside TNR, initiating the eco-development project, establishment of village-owned
tree plantations and forming as eco-tourism site should be prioritized. The Forest Department
concentrates its eco-development activities on the villages located outside the park, justifying
this focus by stating that ‘‘in the villages inside the Protected Area, no permanent
development works will be taken as they are to be relocated’’. Eco-development activities
that allow these communities to generate alternate sources of income could be very useful in
reducing the levels of illegal harvesting (Nagendra et al., 2006). Moreover, for local
livelihood improvement outside TNR, more firms and similar long-term projects by the
support of national and international budget should be called up by the national government
that makes enrich the local products to support off-farm employment opportunities. Moreover,
they should do improve durable and best access the road network and electricity, similarly,
forest plantations to the Kayin villages.
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Appendices: Results about LULC Change during the three periods

Table 7. Comparison of LULC change in 1990, 2006 and 2017 year by three zones (TNR, Myanmar Buffer and Thailand Buffer) described as

(ha and %)
vear Dense Forest | Open Forest | Wooded Land | Scrubland | Grassland | Water | Agricultural Land | Others
1990 | TNR (ha) 131147 13061 8328 5197 243 62 2866 187
% 81.41 8.11 5.17 3.23 0.15 0.04 1.78 0.12
Myanmar Buffer (ha) 46573 8433 14032 75387 267 755 19526 1625
% 27.96 5.06 8.42 45.25 0.16 0.45 11.72 0.98
Thai Buffer (ha) 53020 12394 9364 10039 256 712 4811 557
% 58.17 13.60 10.27 11.01 0.28 0.78 5.28 0.61
2006 | TNR (ha) 112751 25108 9178 7666 2954 196 2223 1011
% 69.99 15.59 5.70 4.76 1.83 0.12 1.38 0.63
Myanmar Buffer (ha) 35605 28253 38954 41524 1741 887 16528 3004
% 21.38 16.97 23.40 24.94 1.05 0.53 9.93 1.80
Thai Buffer (ha) 36443 22854 20771 7736 1564 176 1074 505
% 39.99 25.08 22.79 8.49 1.72 0.19 1.18 0.55
2017 | TNR (ha) 93989 26910 7377 5097 9964 240 17163 349
% 58.35 16.71 4.58 3.16 6.19 0.15 10.65 0.22
Myanmar Buffer (ha) 33906 7126 7705 11167 9536 | 1389 93416 2329
% 20.35 4.28 4.63 6.70 5.72 0.83 56.08 1.40
Thai Buffer (ha) 40816 14723 8069 11369 7987 153 7409 605
% 44.79 16.16 8.85 12.48 8.76 0.17 8.13 0.66
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Table 8. Comparison of LULC change in 1990, 2006 and 2017 year by 8 partitions assessment described as (ha)

Landscape zones

Year LULC Category Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8
1990 [ Dense Forest 53020 14004 37566 53144 40437 14554 5891 12124
Open Forest 12394 1743 4656 4455 3950 2035 2361 2294
Wooded Land 9364 982 1169 4935 2224 2188 1065 9796
Scrubland 10039 176 1906 2190 1100 9756 28559 36896
Grassland 256 9 52 165 26 25 63 170
Water 712 3 19 10 34 106 111 536
Agricultural Land 4811 142 662 1455 749 2090 7412 9883
Others 557 1 14 141 32 210 129 1284
2006 | Dense Forest 36443 11491 31539 47066 34146 9632 3540 10941
Open Forest 22854 3579 6967 9709 8432 8840 4570 11264
Wooded Land 20771 885 2407 4429 2343 7180 6092 24796
Scrubland 7736 655 2823 3189 1654 3900 20066 16903
Grassland 1564 153 680 1075 1200 318 546 724
Water 176 7 37 80 80 106 89 685
Agricultural Land 1074 194 1289 547 387 694 9488 6152
Others 505 72 299 402 309 296 1157 1478
2017 | Dense Forest 40816 10592 24706 40228 29055 9609 2311 11394
Open Forest 14723 1140 5523 12414 8973 3306 392 2289
Wooded Land 8069 884 2129 2698 2550 1826 1837 3159
Scrubland 11369 308 1279 3020 798 1982 1843 7034
Grassland 7987 601 4389 3880 1694 1324 4186 3425
Water 153 19 102 69 69 153 169 1048
Agricultural Land 7409 3438 7715 4064 5384 12618 33927 43433
Others 605 80 199 124 26 141 918 1191




Table 9. Comparison of Land Use Land Cover Change for 1990, 2006 and 2017 year by 8 partitions assessment, described as (%)
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Landscape zone

Year | LULC Category Z 1 Z 2 Z 3 Z 4 Z5 Z 6 Z7 Z 8
1990 | Dense Forest 58.17 82.08 81.59 79.92 83.29 47 12.92 16.61
Open Forest 13.6 10.22 10.11 6.7 8.14 6.57 5.18 3.14
Other Wooded Land 10.27 5.76 2.54 7.42 4.58 7.07 2.34 13.42
Scrubland 11.01 1.03 4.14 3.29 2.27 31.51 62.64 50.55
Grassland 0.28 0.05 0.11 0.25 0.05 0.08 0.14 0.23
Water 0.78 0.01 0.04 0.01 0.07 0.34 0.24 0.73
Agricultural Land 5.28 0.83 1.44 2.19 1.54 6.75 16.26 13.54
Others 0.61 0.01 0.03 0.21 0.06 0.68 0.28 1.76
2006 | Dense Forest 39.99 67.45 68.5 70.78 70.33 31.1 7.77 15
Open Forest 25.08 21.01 15.13 14.6 17.37 28.55 10.03 15.44
Other Wooded Land 22.79 5.2 5.23 6.66 4.83 23.19 13.37 33.99
Scrubland 8.49 3.85 6.13 4.8 3.41 12.59 44.05 23.17
Grassland 1.72 0.9 1.48 1.62 2.47 1.03 1.2 0.99
Water 0.19 0.04 0.08 0.12 0.16 0.34 0.2 0.94
Agricultural Land 1.18 1.14 2.8 0.82 0.8 2.24 20.83 8.43
Others 0.55 0.42 0.65 0.6 0.64 0.96 2.54 2.03
2017 | Dense Forest 44.79 62.08 53.66 60.5 59.85 31.04 5.07 15.61
Open Forest 16.16 6.68 12 18.67 18.48 10.68 0.86 3.14
Other Wooded Land 8.85 5.18 4.62 4.06 5.25 5.9 4.03 4.33
Scrubland 12.48 1.8 2.78 4.54 1.64 6.4 4.04 9.64
Grassland 8.76 3.52 9.53 5.84 3.49 4.28 9.18 4.69
Water 0.17 0.11 0.22 0.1 0.14 0.49 0.37 1.44
Agricultural Land 8.13 20.15 16.76 6.11 11.09 40.76 74.43 59.52
Others 0.66 0.47 0.43 0.19 0.05 0.45 2.01 1.63
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Table 10. Error matrix calculated from supervised maximum likelihood classification in 2017

LULC class 1 2 3 4 5 6 7 8 Total U Accuracy Kappa
1 266 17 7 0 0 0 2 0 292 0.91 0

2 2 80 2 0 0 0 0 0 84 0.95 0

3 0 3 34 2 0 0 1 0 40 0.85 0

4 0 0 8 38 0 0 2 0 48 0.79 0

5 0 0 0 4 42 0 2 0 48 0.88 0

6 0 2 2 0 1 4 1 0 10 0.4 0

7 1 9 12 3 1 0 178 0 204 0.87 0

8 1 1 1 0 0 0 0 7 10 0.7 0
Total 270 112 66 47 44 4 186 7 736 0 0
P_Accuracy |98.52 71.43 51.52 80.85 95.45 100 95.7 100 0 88.18 0
Kappa 0 0 0 0 0 0 0 0 0 0 84.32

Table 11. Error matrix calculated from supervised maximum likelihood classification in 2006

LULC Class 1 2 3 4 5 6 7 8 Total U_Accuracy Kappa
1 286 27 5 0 0 0 0 0 318 0.9 0

2 6 104 17 2 0 0 4 0 133 0.78 0

3 0 4 100 5 0 0 10 0 119 0.84 0

4 0 1 5 74 0 0 15 2 97 0.76 0

5 0 0 0 1 10 0 0 0 11 0.91 0

6 0 0 0 0 0 10 0 0 10 1 0

7 1 0 0 1 0 0 36 0 38 0.95 0

8 0 0 0 0 0 0 3 7 10 0.7 0
Total 293 136 127 83 10 10 68 9 736 0 0
P_Accuracy |[97.61 |76.47 78.74 89.16 100 100 5294 | 77.78 0 85.19 0
Kappa 0 0 0 0 0 0 0 0 0 0 80.16
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Table 12. Error matrix calculated from supervised maximum likelihood classification in 1990
LULC Class 1 2 3 4 5 6 7 8 Total U Accuracy Kappa
1 345 51 2 0 0 0 1 0 399 0.86 0
2 3 46 10 0 0 0 0 0 59 0.78 0
3 0 5 46 1 0 0 3 0 55 0.84 0
4 0 1 6 124 1 0 25 0 157 0.79 0
5 0 0 0 1 8 0 1 0 10 0.8 0
6 1 0 1 1 0 5 2 0 10 0.5 0
7 0 2 1 6 1 0 35 2 47 0.74 0
8 0 0 0 0 0 1 1 8 10 0.8 0
Total 349 105 66 133 10 6 68 10 747 0 0
P_Accuracy |99 44 70 93 80 83 51 80 0 82.6 0
Kappa 0 0 0 0 0 0 0 0 0 0 74.75




