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Abstract: In recent decades, Vietnam’s network of protected areas experienced extensive growth. More than 160 terrestrial 
and marine protected areas (approximately 2.2 million ha) associated with remarkable reforestation demonstrate major 
changes within environmental policies. Nevertheless, the degradation of the existing natural forest communities, the 
associated loss of species and decreasing resilience suggest that Vietnam has still not reached a satisfactory point of 
conserving these natural habitats. The current study presents an impressive example of land cover change over a period of 
approximately 40 years at the Bach Ma National Park. Deforestation and degradation processes are a result of illegal 
activities and land use changes, a consequence of the increasing population. However, land use conflicts often occur outside 
of protected areas where land cover changes are concentrated and accelerated. 
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1. Introduction 

Nature conservation activities began well before the late 
19th and 20th centuries. Early populations suspected that 
certain species and habitats were more crucial than others. 
Nearly 700 years ago, certain bird species were protected to 
avoid the plagues from bugs and insects. Exactly 300 years 
ago, Carl von Carlowitz introduced the idea of sustainable 
forest management in his book “Sylvicultura oeconomica” 
[1]. Modern protected areas, such as Yellowstone National 
Park (the first national park), are milestones in nature 
conservation [2,3]. 

A changing balance of power between humans and nature 
is evident. It is common for people to protect and conserve 
natural heritages for their own well-being. In the 20th 
century, the number of protected areas substantially 
increased. At the end of 2011, the world database on 
protected areas (WDPA), run by the United Nations 
Environment Programme (UNEP) World Conservation 
Monitoring Centre (WCMC), contains more than 157,000 
protected areas (for protected areas with year of designation) 
worldwide with a total size of more than 24Mkm². Therefore, 
nearly 11% of the earth’s surface and 2.3% of the marine 

surface are protected areas [4]. When examining related 
inaccuracies and out-of-date information, we notice that, 
behind the goals and desires of protection acts, is a large 
uncertainty with regard to overcrowding. Overlapping areas 
and various types of protected areas increase the complexity 
of understanding the necessary amount and coverage of 
protected areas. Additionally, it is difficult to deny that 
failures are imminent if these inaccuracies are extrapolated to 
more detailed information [2,5]. The most important 
classification of protected areas is based on an International 
Union for Conservation of Nature (IUCN) system with six 
different categories. Category Ia (strict nature reserves) and 
Ib (wilderness areas) are the most restricted classes, whereas 
category II (national parks) represents the most famous 
category, containing the most famous locations. Numerous 
protected areas are also surrounded by buffer zones which 
help reduce negative outside influences. However, several 
disturbing factors decrease the influence of protected areas: 
small budgets, restricted enforcement rights, insufficient 
personnel and equipment infrastructure, lack of awareness 
and mismanagement. The utilization of remote sensing and 
geo-information-systems (GIS) for monitoring the 
achievements and consequences of protected areas are 
widely implemented. Important approaches can be found 
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within the scientific literature [6-9] and environmental 
management and biodiversity conservation journals [2,10]. 

2. The System of Protected Areas in 

Vietnam 

 
Figure 1. The network of protected areas in Vietnam (data source: World 

Database on Protected Areas, 2013) 

In the second half of the twentieth century the network of 
protected areas increased rapidly in Vietnam. The reasons 
for the late development are economic priorities and several 
internal and external political difficulties (e.g., the Vietnam 
War from 1964 to 1975). However, the first national park 
(Cuc Phuong) was declared in 1962 [11,12]. Between 1962 
and 1976, 48 additional areas were designated under the 
pseudonym “Special Use Forests”. After the war, additional 
protected areas were established (e.g., Cat Tien and Cat Ba 
National Park), along with various monitoring and reporting 
activities [13]. In the following years, several governmental 
decisions increased the amount and size of these Special Use 
Forests to 93, totaling nearly 1Mha in 1991. Vietnam also 
ratified several international agreements, such as those from 
like the RAMSAR convention in 1988 and the Convention 
on Biological Diversity (CBD) in 1994 [12]. These 
achievements were accompanied by large deforestation and 
degradation processes over the entire country [14]. Based on 
information from Birdlife International from 2012, the 
current number of protected areas in Vietnam is 164, 
consisting of 30 national parks, 58 nature reserves, 11 
species conservation areas, 45 landscape protection areas, 
and 20 special use forest areas. In summary, there are nearly 
2.2Mha protected, covering approximately 6.6% of the 

nation’s land surface. These areas are largely composed of 
forests (~88%), whereas water bodies are underrepresented 
at ~3% [15,16]. However, we observe slightly different 
results when taking the WDPA data into account (Fig. 1).  

In 1990, only 3% of all terrestrial and marine areas were 
protected (4.56% terrestrial and 0.31% marine), where the 
marine water bodies were defined as the 12 nautical miles to 
the coastline. This area has increased to 4.72% (6.45% 
terrestrial and 1.73% marine) in 2012 [4]. Despite these 
encouraging findings, numerous protected areas facing 
serious problems, such as insufficient budgets, incapable 
employees, and a lack of law enforcement. 

3. Bach Ma National Park 

Bach Ma National Park (BMNP) was designated in 1991 
as part of the decision No. 214-CT by the ministry of forest 
[17]. The major objective was the conservation of the only 
remaining green transects ranging from the southeastern sea 
to the Annamite mountain ranges adjacent to the border of 
Lao PDR [18]. At the time, the national park (22,031ha) 
belonged entirely to the Thua Thien Hue province. Based on 
decision 01/QD-TTg from 2008, the size of Bach Ma was 
extended to 37,487ha and distributed as 12,064.8ha of 
restricted areas, 5,188.2ha of administrative areas, and 
20,246ha of ecological recovery areas [19]. This 
opportunistic move was based on two facts. First, the goal 
was to place additional regions under conservation 
protection due to significant human impacts closely 
connected with illegal activities. Secondly, the extension 
zone is located in the southwest of the original area and 
partly belongs to the Quang Nam province. Based on this 
administrative overlap, BMNP is still under national 
administration, resulting in a much higher financial budget 
and better equipment. BMNP hosts northern and southern 
flora and fauna species. Due to this bio-geographical border, 
Bach Ma is considered an important biodiversity hotspot. 
Approximately 19% of Vietnam’s plant species occur in 
only 0.12% of the country’s territory. The annual 
precipitation of 3,000-3,500mm/a (up to nearly 8,000mm/a) 
maintains the evergreen tropical monsoon forest below the 
900m elevation and the montane evergreen subtropical 
monsoon forest above 900m [20, 21]. 

Several sections of the national park are surrounded by 
two buffer zones in the South and Northwest (Fig. 2). With a 
combined size of 57,482ha, the buffer zones provide a home 
for approximately 79,000 people [19]. Within the last five 
decades, the population development was quite unstable. 
Compared to the fertile delta regions, the highlands were 
often neglected and possessed a much lower population 
density [22]. After 1975, there was a massive population 
growth due to natural population increases and migration 
activities. Additionally, newly established economic zones, 
resettlement programs, and the extension of cropland were 
further driving forces. Around BMNP, the population 
density increased from 44 inhabitants / km² in 1976 to 74 
inhabitants / km² in 1985. However, after the Doi Moi 
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reforms in 1986, the low income levels within the highlands 
forced people to move back to economically stronger 
regions. Nevertheless, the number of inhabitants within the 
buffer zones has increased since 1990 (64 people/km² to 69 
people/km² in 2000) [23]. 

The centers of settlements around BMNP are west of the 
Nam Dong district and north of the Phu Loc district. 
According to official information, nobody is living in 
BMNP as of 2008. Currently, the most crucial problems are 
illegal exploitations of timber and non-timber forest 
products (NTFP). As a consequence, the forest is degraded 
and especially illegal hunting activities of local people in 
remote areas threaten the wildlife stock [19]. 

4. Methodology 

Remote sensing and GIS technologies are widely used for 
the monitoring of protected areas and associated biodiversity 
globally. The use of robust, repeatable and consistent 
methodologies that cover large areas offers major 
advantages [24-26]. The land cover development of BMNP 
and surrounding areas were analyzed with a Landsat time 
series from 1973 to 2010. The first image was from Landsat 
3 MSS with an 80m spatial resolution. All other images were 
from Landsat 5 TM or Landsat 7 ETM+. Table 1 presents a 

list of images used in this study. The major objective was to 
find a robust, yet easy-to-handle classification procedures 
are necessary where minimal ground truth data are available. 
Typically, the availability of reliable ground truth data 
sources is highly limited in backward land cover 
assessments [27,28]. 

After the downloading procedure, an expedient and 
straightforward Dark Object Subtraction (DOS) method was 
used to remove atmospheric scattering [29,30]. To improve 
the initial results, all Landsat scenes were radiometrically 
normalized based on a master scene from 2003, which was 
chosen due to its robust radiometric characteristics. The 
procedure is based on pseudo-invariant features [31] that are 
statistically and automatically selected between the pixels of 
the reference and normalized images [32,33]. With respect 
to intra-seasonal phenology changes, clouds were detected, 
masked with associated shadows and replaced with the aid 
of other images of the same area at different times [34]. 

After the preprocessing steps, redundancies in the images 
were reduced via principal component analysis [35]. 
Additionally, the normalized difference vegetation index 
(NDVI) [36,37] was calculated and a tasseled cap 
transformation was performed. These brightness, greenness 
and wetness indices are widely used with Landsat images 
[38,39]. 

Table 1. List of Landsat images used for classification 

Number Satellite sensor Pixel size (in m) Acquisition date 

1 Landsat MSS 80 

26/05/1973 

11/09/1973* 

24/07/1979 

2 Landsat TM 30 17/02/1989* 

3 Landsat ETM+ 30 

09/01/2000 

05/10/2000 

06/11/2000* 

4 Landsat ETM+ 30 
13/02/2002 

02/04/2002* 

5 Landsat ETM+ 30 

31/01/2003 

04/03/2003 

21/04/2003* 

6 Landsat TM 30 
04/05/2005* 

08/06/2006 

7 Landsat TM 30 
11/02/2010 

05/07/2010* 

* Basic image with lowest cloud cover / best radiometric properties 

Two additional texture bands were computed based on the 
variance of the original band 2 (0.52 – 0.60µm) and the 
original band 3 (0.63 – 0.69µm), each containing information 
of the arrangement of barren and artificial landscape elements 
and vegetation, respectively [40,41]. Finally, ASTER GDEM 
Version 2 was integrated with a spatial resolution of 30m [42]. 

All eleven bands were stacked together and passed 
through two ISODATA classification loops. The first 
ISODATA classification was used for a general land cover 
classification of clouds, shadows, water, forest, urban areas, 

pasture, cropland, wetland, barren areas, and unclassified 
pixels. Subsequently, the results from the previous step were 
masked and traced back into the second ISODATA 
classification loop. In a variety of cases, separate 
misclassifications from the first classification loop could be 
eliminated. The outcome of this procedure was a finer and 
more precise classification with an overall accuracy of 
84–90% (Table 2). Therefore, the areas were relatively easy 
and more accurate to distinguish and could be further 
classified (e.g., dense, medium, and sparse forest). 
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Table 2. The accuracy assessment (producer accuracy) 

Year 
Overall 

Accuracy 
Kappa Water 

Dense 

Forest 

Medium 

Forest 

Sparse 

Forest 

Barren 

Land 

Dense 

Urban 

Medium 

Urban 

Sparse 

Urban 
Wetlands Cropland Pasture 

Pasture / 

Urban 

1973 84.460 0.804 100.00 97.38 59.71 86.93 100.00 63.64 62.50 39.53 42.67 71.57 75.20 82.39 

1989 85.382 0.818 99.84 98.19 66.58 84.13 100.00 20.83 40.74 59.14 60.38 95.65 88.49 85.52 

2000 87.830 0.852 100.00 96.87 80.56 86.08 100.00 22.86 30.00 56.10 43.75 53.33 87.85 85.25 

2002 87.384 0.847 100.00 97.12 85.14 85.25 99.58 64.77 42.86 60.98 37.84 100.00 67.23 80.45 

2003 90.008 0.879 99.90 96.81 82.12 86.92 100.00 84.11 39.58 76.15 49.28 98.89 93.00 84.89 

2005 88.656 0.863 99.62 93.14 85.24 89.81 98.68 76.06 70.45 61.29 44.62 96.36 84.41 67.84 

2010 88.228 0.858 99.72 94.97 82.06 88.73 99.54 78.57 42.86 75.14 38.89 96.00 80.69 82.86 

 

4. Land Cover Change from 1973 to 

2010 

The selected study area allows for several comparisons of 
the land cover development from 1973 to 2010 within 
regions of BMNP and adjacent areas. Based on the 
dissimilar progress, five different regions were distinguished 
(Fig. 2 and Table 3). The first region is BMNP with its 
current configuration. The second region contains both 
official buffer zones. Additionally, an artificial buffer of 
10km around the current BMNP was created. Finally, the 
former shape of the national park and the extension zone, 
which was added in 2008, were defined as regions four and 
five, respectively. Furthermore, differentiating between the 
change and composition of forest cover and development in 

all other land cover classes helps facilitate a better 
understanding of the conditions. By analyzing the forest 
cover in general, we can distinguish between BMNP and 
adjacent areas.  

In 1973 the former shape, the future extension area and 
consequently the current BMNP were almost fully covered 
by forest. The two buffer zones and the artificial buffer were 
80% covered by forests. This bisection of forest cover was 
generally stable during the entire time series. However, in 
both sections, the forest cover remarkably decreased 
between 1973 and 2000. Subsequent to this forest loss, all 
regions exhibit a slight increase until 2005, followed by a 
slight decrease of forest cover from 2005 to 2010. However, 
not only the amount of forest cover but also the composition 
of the forest was considerably different between the regions. 

Table 3. The distinct regions with valid time and size 

Type of region Name Validity Area (in hectare) 

Region 1 Bach Ma National Park Since 2008 37,487 

Region 2 Official BMNP buffer zones Since 2008 57,482 

Region 3 Artificial buffer zone of 10km Artificial 144,604 

Region 4 Former BMNP 1991 - 2008 22,031 

Region 5 BMNP extension zone Since 2008 16,227 

 

 

Figure 2. The survey regions within and around BMNP. 

Within BMNP, 70% or 75% of the forests were dense in 
1973. In the adjacent areas, approximately 50% of the 
forests can be described as dense. Until the year 2000, the 
amount of dense forest was decreasing in all regions except 
the extension zone. Here, the dense forest cover was nearly 
stable between 1973 and 2000. However, between 2000 and 
2005 approximately 15% of the dense forest cover 
disappeared within the extension zone. After 2005, the dense 
forest cover was recovering on a small scale, not only within 
the extension zone but also within the two buffer zones. 
Nevertheless, during these 37 years, BMNP lost 
approximately 27% of all dense forest; over 50% of the 
dense forest was lost within the buffer zones. A significant 
growth was documented for the medium forest in all regions. 
In 1973, the amount of medium forest was considerably low, 
ranging between 16.5% and 18.5%. A division between 
BMNP and adjacent areas was not recognizable. The amount 
of medium forest was generally stable between 1973 and 
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2000 with only a small decrease within the former BMNP 
area and a small increase within the new extension zone. 
After 2000, a considerable growth was observed in all 
regions until 2003. Particularly, the excessive increase 
within the extension zone could be a result of a possible 
misclassification. After a rapid increase from 2000 to 2003 
within the buffer zones and extension area, the medium 
forest cover was mostly stable. Within the BMNP regions, 
the medium forest patches rapidly increased until 2005, then 
again declined considerably. By examining the sparse forest 
development, a slight bisection between the BMNP regions 
and the adjacent regions was identified. The overall area of 
sparse forest minimally declined from 1973 to 1989 within 
the extension area. In all other regions, an extensive growth 

was documented. This considerable increasing trend was 
only interrupted in 2003. This event was correlated with the 
large increase in medium forests in all regions. Despite a 
missing indication within the accuracy assessment, both of 
the observed developments are based on a misclassification 
between the medium and sparse forest cover in 2003. 
However, the increase in the sparse forest continued 
between 2003 and 2010, especially within the BMNP 
regions. While the area of the sparse forest considerably 
increased within the buffer zones from 2003 to 2005, a slight 
declining trend has been documented since 2005. Compared 
with the forest and with respect to the high coverage, other 
land cover classes show only slight changes. 

Table 4. The forest cover within the five distinguished regions (percentage) 

Year BMNP Former BMNP BMNP extension zone Official BMNP buffer zones Artificial 10km buffer zone 

1973 99.14 98.26 99.45 78.63 80.64 

1989 97.95 94.26 99.76 68.71 72.03 

2000 93.74 89.06 97.31 61.01 65.39 

2002 95.90 93.99 97.37 69.02 73.10 

2003 97.65 95.09 99.13 66.24 70.11 

2005 98.44 95.89 99.83 68.52 72.58 

2010 97.56 93.78 99.68 67.58 72.11 

 
Nevertheless, they illustrate important transformations 

and the bisection between BMNP and the adjacent areas. 
Considering the expanse of water, a mostly stable coverage 
is observed. Based on the large extent of the Cầu Hai bay, the 
extent of the water is approximately 10% and 7% within 
buffer zones one and two, respectively. The abrupt increase 
of the water cover within BMNP is caused by the Hồ Truồi 
Lake, an artificial reservoir built in 1997. Other small water 
bodies are difficult to detect due to the coarse spatial 
resolution of the Landsat satellite images. 

Despite a careful selection of Landsat images and their 
phenological phases, rice fields were detected in different 
stages of their growth. Additionally, pasture areas possessed 
considerable variability between the analyzed years. 
Significant fluctuations were detected, and the accuracy 
assessment indicates significant misclassifications in 1973 
and 2000 for cropland and in 1973 and 2002 for pasture land. 
Merging both classes together, a slight increase in the total 
area was observed. The bisection between BMNP and the 
adjacent areas is not surprising. In 2003, the buffer zones 
reached their peak with 15% pasture and cropland cover, 
whereas BMNP possessed 4.1% and 6.7%, respectively, of 
the former area of the national park in 2000. 

A stable increase of urban areas in the buffer zones was 
observed in all years except 2000. Based on the documented 
population development this increase was expected. 
Meanwhile, small urban areas within the national park were 
almost completely removed. The accuracy matrix suggests a 

large misclassification for all types of urban areas. These 
inaccuracies are mostly based on the small extent of urban 
areas in earlier years and the scattered distribution. 
According to the low spatial resolution, it is not feasible to 
detect reliable testing areas for the accuracy assessment. 
Other land cover classes can generally be neglected due to 
the small area they encompass. The barren land, particularly 
in the buffer zones, slightly increased (up to 1%) until 2000, 
with almost no trace within BMNP. 

The most important regions, BMNP (region one) and the 
original buffer zones (region two), are analyzed further to 
reconstruct past developments in relation to different 
elevations. In general, both regions feature the same land 
cover change since 1973, but with dissimilar intensities and 
temporal variations. Considering that within BMNP, a 
remarkable curve is only observable for the dense forest in 
1973. In very flat areas with elevations ranging 0 to 200m, 
the coverage is nearly 46%. At ground levels of 801m to 
1,000m, the coverage of the dense forest reaches its 
maximum at 88%. With increasing height, the coverage 
starts to decrease significantly. The medium and sparse 
forest sections were more important at very low and very 
high elevations. Describing the same curve for the year 2010, 
the coverage of dense forest almost disappeared (5%), 
particularly in flat regions. In contrast, the sparse and 
medium forest patches were more prevalent. 

Furthermore, other non-forest land cover types were more 
significant with an approximately coverage of 20%. The 
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dense forest cover was merely 20% between elevations of 
201m to 400m. However, the coverage increased rapidly to a 
maximum of nearly 86% between 801m and 1,000m (and a 
slight decrease above this level). Based on the exiguous 
amount of pixels at the high elevations, it is emphasized that 
changes in single pixels results in far reaching changes in 
percentages. 

 

Figure 3. The land cover development within the western buffer zone of 

Bach Ma National Park between 1973 and 2010. 

When analyzing the two official buffer zone regions, an 
elevation step from 1601m to 1800m needs to be added. At 
low elevations, the coverage of the dense forest is less than 
that within BMNP in 1973. The maximum coverage of 82% 
was reached between 801m to 1,000m. Above this elevation, 
the dense forest cover decreased considerably. In 2000, the 
dense forest patches within the first elevation level (0m to 
200m) nearly disappeared. Above 1,000m, the coverage 
reached nearly 100%. This indicates a recovery of forest 
patches at high elevations. In 2010, the coverage of dense 
forest communities at the low elevations was remarkably 
small and reached only ~12% between 201m and 400m, but 
with an intensive increase above these elevations. The rising 
importance of the sparse forest patches and other land cover 
types may be a reason for the decreasing coverage of dense 
forests at low elevations.  

 

Figure 4. The loss of dense forest within the western buffer zone of Bach 

Ma National Park between 1973 and 2010. 

In particular, the pasture and cropland areas have 
exhibited considerable growth. In 1973, at the 0-200m 
elevations, approximately 22% of the buffer zones were 
covered with pasture and cropland. Between 201m and 
400m elevations, only 2% of the area was used for these land 
cover classes in 1973. In 2010, the pasture and cropland 
covered more than 28% of the area at 0-200m elevations, 
11% at 201-400m, and 7% at 401- 600m. This underlines the 
increased demand of cultivable land and the growing 
population. Additionally, the urban areas have occupied 
more land within the two buffer zones. The urban areas 
expanded from 0.5% in 1973 to 13.2% in 2000. In 2010, a 
very high coverage of 9.3% was observed. 

5. Discussion 

The analyzed Landsat time series impressively illustrates 
the past land cover changes within BMNP and the adjacent 
areas. A distinct bisection between the national park and 
adjacent areas is observable. In the 1970s, the natural forest 
patches existed without major external influences. However, 
at high elevations, the coverage of the dense forest was 
astonishing low within and outside of the national park. A 
reason for this occurrence may be damage caused by the war 
in the 1970s and the use of Agent Orange. Furthermore, the 
local people migrated from the flat regions at higher 
elevations to safer and more secure locations [17,23]. In 
1991, BMNP was officially designated and the forest cover 
decreased from 99.1% to 98% (or 98.3% to 94.3% in the 
former BMNP areal extent). Accompanying this declining 
coverage, the particularly dense forest patches were 
seriously affected and decreased at low elevations. This 
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decline continued between 1989 and 2000. The forest 
coverage decreased from 98% to 93.7 (or 94.3% to 89.1% in 
the former BMNP areal extent). The dense forest 
communities were greatly affected and decreased 
considerably. These developments are associated with the 
historically low forest coverage of 24.7% over the entire 
country, detected in 1993 by the Forestry Inventory and 
Planning Institute of Vietnam [14]. In response to these 
crucial changes and the alarming decline of natural habitats, 
various national programs and projects of utmost importance 
were initiated (e.g., Five Million Hectare Reforestation 
Program; Strategy for a Protected Area System in Vietnam 
to 2010) [16]. Subsequently, the dense forest coverage only 
slightly decreased, where as the medium and sparse forest 
patches slightly increased. However, based on the statistics 
from 2000, the forest cover expanded in the former area of 
BMNP and the extension zone. Of particular interest are 
developments within the extension zone of the national park, 
which faces serious problems due to illegal logging 
activities leading to comprehensive forest degradation [19]. 
In 1973, the extension zone was completely covered by 
forest, including over three-quarters of dense forest. Major 
changes began after 1989: a decline of the dense forest 
patches and a growth of the medium and sparse forest 
communities were observed. Small sections of the region 
were used for pasture farming and cultivation, especially in 
2000 and 2002. Based on various international projects (e.g., 
Green Corridor Project, CarBi Project) the loss of natural 
forest habitats was halted or slowed down considerably. The 
decline of the dense forest in combination with the historical 
low in 2005 (56.9%) could be reversed by an increase of the 
dense forest (60% in 2010) for the extension zone. 
Nevertheless, compared with the conditions of 1989, notable 
natural dense forest patches were converted into medium 
and sparse forest patches. 

Even more pervasive were land cover changes within the 
two official buffer zones of the national park. In 1973, the 
medium and sparse forest communities, along with other 
non-forest land cover types, constituted the majority of the 
land cover. The decrease of the dense forest patches could 
only be curtailed within the study period. At low elevations, 
especially 0-200m and 201-400m, the dense forest patches 
and associated flora and fauna communities are nearly 
extinct. Therefore, forest communities within the national 
park are becoming more fragmented and isolated. This is 
associated with the decreasing resilience concerning 
environmental fluctuations [43,44]. The population growth 
and emerging towns of Nam Dong and Phu Loc have left 
their ecological footprints with an increasing impact on the 
region. Despite several infrastructure improvements (e.g., 
road construction) within these remote areas, the local 
people are still dependent on timber and NTFP to a large 
extent. Plantation forest (e.g., acacia and rubber), pasture 
farming and cropland are generally the most important 
income sources for the local people. These activities have an 
enormous impact on the land cover and structure within the 
buffer zones. With 79,000 people, the buffer zones are 

densely populated (137 people/km²) [19]. The local people 
use available areas for agriculture and forest plantations, 
especially low elevation areas near streams.  

Additionally, this study demonstrates that the Landsat 
time series are an appropriate data source to analyze land 
cover changes in and around protected areas. The limited 
spectral and spatial resolutions for the Landsat TM and 
ETM+ and the revisit time of 16 days associated with 
prevalent cloud coverage in tropical regions reduce the scale 
of operations [45,26]. Several land cover classes could be 
discriminated with certain limitations for automatic 
procedures. For a time series with different phenological 
stages and intra-regional differences, the classification of 
natural and artificial forest patches becomes extremely 
complicated [46]. It is almost impossible to distinguish 
mixed forest patches with inner-regional and intra-seasonal 
fluctuations in dense, medium, sparse, restoration, and 
plantation forests simply on the basis of the NDVI [47]. The 
new Landsat 8 or Sentinel-2 satellites, each with ten spectral 
bands, offer more capabilities for future research [48,49]. 
However, important deforestation trends are easily 
detectable with the available Landsat images. Unfortunately, 
other important impact factors cannot be observed with the 
same accuracy [50]. The entire BMNP, especially the 
extension zone, is affected by illegal logging activities of 
single trees, hunting of selected and valuable species and 
exploitation of selected plant species (e.g., for medical use) 
[18,19]. For Landsat TM and ETM+ images, these 
small-scale disturbances are difficult to detect due to only 
slight decreases within the coverage [51]. Additional 
spectral bands are necessary to distinguish single tree 
species or certain associated groups. The projected 28-band 
WorldView-3 from DigitialGlobe or hyperspectral imaging 
(e.g., EnMAP) will encourage considerable progress 
towards detailed monitoring procedures. 

6. Conclusion 

Contrary to typical expectations, protected areas are not a 
panacea for global environmental problems. Despite their 
extensive networks and achievements within the last 
decades, global datasets and studies demonstrate the 
ongoing changes and degradation of natural ecosystems. 
Developing countries within the tropics bear the great 
responsibility of maintaining biodiversity hotspots. For a 
country like Vietnam, where the most fertile regions (i.e., the 
Mekong and Red River deltas or coastlines) are crowded 
with millions of people, the designation of a widespread 
network of efficient protected areas is even more 
complicated. Despite the large increase in protected areas 
and associated natural communities, protected areas are 
certainly not islands of felicity in Vietnam. The extinction of 
the wild Javan Rhino within Cat Tien National Park [52], the 
endangered Saola [53] and the Indochinese Tiger / Panthera 
tigris [23,54] demonstrate that the existing network and 
management are still too weak. Additionally, this study 
illustrates that the land cover conflicts are often shifted 
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directly outside of the protected areas. A sparse population 
within a protected area is often deemed more problematic 
than a dense population close to the border of the protected 
area. Certainly, where access is based on low elevations or a 
convenient river system, cross border impacts from local 
people is observed. In remote areas, the timber and NTFP are 
still the most important income sources for local residents. 
Additionally, historical land use practices carried out by 
local people on small scales become illegal due to the 
regulations of the protected area. If alternative sources of 
income are lacking, people are forced to act illegally to 
ensure their survival. The current pilot policy on benefit 
sharing (decision 126/QD-TTg), permits local people to 
extract selected forest products [55]. This could be a 
possible provisional solution and has to be monitored. 

Therefore, protected areas and associated organizations 
should concentrate not only on the conservation of their 
bordered territory but also on the adjacent areas and the 
livelihood of the local people. This is particularly relevant, 
when such strictly protected areas such as national parks or 
strict nature reserves contain appropriate instruments to 
achieve such comprehensive goals. Based on these needs, 
the concept of the biosphere reserve was created. These 
model regions are established all over the world to reconcile 
natural, economic and social issues with local stakeholders. 
The distribution in core zones, buffer zones, and transition 
zones fosters the understanding and acceptance concerning 
the various objectives and goals of each zone. An integration 
of the various protected areas (e.g., BMNP, Saola Nature 
Reserves, Xe Xap National Biodiversity Conservation Area) 
within the regions of Central Vietnam and the Annamite 
Mountains as a biosphere reserve could create a more 
powerful network of protected areas in Vietnam and Laos. 
The reserve would combine strict protected areas with 
diverse zones of economic objectives. Finally, it would be a 
step toward the ultimate goal of safeguarding the only 
remaining green transect between the southeastern sea and 
the Annamite Mountain, which would be in line with the 
original purpose of BMNP. 
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