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SUMMARY

Quantifying temporal changes of land use and land cover (LULC), in particular forest covers from satellite
images at the various scales has been conducted in Vietnam for several years. However, a few studies have
carried out to investigate LULC in Dien Bien Dong district. Hence, using multi-temporal remote sensing data
to quantify LULC changes was conducted in Dien Bien Dong district, Dien Bien province during 1991 - 2017.
In this study, Landsat data, including Landsat 5 (TM) in 1991, 1999 and 2009, and Landsat 8 (OLI) for 2017
with spatial resolution of 30 m was used to quantify the spatial changes of forest cover exents and then defined
the drivers of changes. NDVI (Normalized Difference Vegetation Index) in combination with unsupervised
classification was used. As a result showed that there was a change in forest cover extents from 1991 to 2017.
Accuracy assessments of classified forest cover maps indicated that there was relatively high accurate with over
85.0%. In particular, forest cover extents declined in the period of 1991 - 2017 from 49,351.7 ha to 37,414.6 ha
(decreased by 11,937.1 ha). Forest cover extents decreased by 1,683.7 ha, 9,268.7 ha and 984.6 ha in the period
of 1991 - 1999, 1999 - 2009 and 2009 - 2017, respectively. Main drivers of forest cover extents were due to

human forces, such as slash and burning, shifting cultivation.
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I. INTRODUCTION
with the
advanced technologies, especially in GIS and

Nowadays, development of
remote sensing becomes a strategic option that
helps to effectively manage natural resources
and the environment (Al-Hassideh and Bill,
2008). Determining the area and purposes to
enhance the effectiveness of land management,
including land use and land cover (LULC)
mapping and analysis is very important
(Hathout, 2002; Homer et al., 2007; Zhu and
Woodcock, 2014). Mapping and monitoring of
land covers have been widely recognized as an

important  scientific goal since created
information could be wused to support
environmental and atmospheric models.

Remote sensing and GIS techniques offer
highly sophisticated methods and tools for
decision makers, and a particularly important
application of remote sensing data is the
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generation of LULC maps (Kauth and Thomas,
1976; Lent and Thorley, 1969; Kass et al.,
1994). Remote Sensing and GIS techniques
replace some traditional, primitive methods
that require a lot of time and efforts. In
addition, the development of land cover map
requires fast and up-to-date information to
gather (Sun et al., 2009). Therefore, applying
remote sensing images in combination with
geographic information system offers a more
accurate land cover maps in the study site
(Tran Thu Ha et al., 2016; Wulder et al., 2008).

Dien Bien Dong district is a mountainous
upland district where it has been separated
from 10 highland communes of Dien Bien
district in Dien Bien province. It is located in
South East Dien Bien province with a total
natural area of 120,000 ha, where is important
in terms of defense and security strategy
known as an important traffic hub connecting
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Dien Bien province with Son La province.

Therefore, Dien Bien Dong has many
conditions facilitating the exchange of socio-
economic development. However, forest cover
extents have decreased rapdily over the last
decades due to both natural and human-driven
forces (Tran Thu Ha et al.,, 2016). The
questions of how much forest cover extents
have lost recently and what main drivers
leading to forest cover changes remain
unanswered and need to be clearly defined.
Therefore, using multi-temporal remote
sensing data to quantify LULC in Dien Bien
Dong district was selected. This study has
quantified the LULC changes, including forest
covers in Dien Bien Dong district, Dien Bien
- 2017. The study

intended to provide an overview of the land

province during 1991

cover change over the last 26 years, determine
drivers of forest cover changes and then
propose some applicable solutions to
sustainable land use management in study site.
II. RESEARCH METHODOLOGY

In this study, land covers and land use,
including forest cover in Dien Bien Dong
district were targeted. This study is featured by
a mountainous area and very low forest cover.
This paper has quantified forest cover extents
during the period of 1991 - 2017 by using a
series of multi-temporal remote sensing
images, including Landsat 5 (1991, 1999,
2009) and Landsat 8 (2017) with Spatial
resolution of 30 m x 30 m (Table 1), then
determined drivers of LULC change in Dien

Bien Dong district.

Table 1. Remote sensing data used in this study

Spatial Path
No Image codes Date resolution (m) x Row
1 LTOS5 L1TP 128045 19910212 20170127 01 T1 12/02/1991 30 128 x 45
2 LTO5 L1TP_128045 19990306 20161220 01 T1 06/03/1999 30 128 x 45
3 LTO5 _LITP_ 128045 20090112 20161028 01 T1 12/01/2009 30 128 x 45
4 LCO8 L1TP 128045 20170323 20170329 01 T1 23/03/2017 30 128 x 45

Survey method

Interview data was collected from
interviews, which are considered as a good
way to obtain additional information from
local people who are living there. Due to their
past understandings about LULC change and
its drivers, so collecting information from
them would be useful for historical LUCL
change analysis. To have a good result from
the interview, survey questions were designed
with targeted interviewees, including local
community and staffs of management broad
of Dien Bien Dong district. In addition, using
reference materials is another way to get
information. The study used supplemental
information of LULC from peer-interview
scientific official

papers, reports  and

documents in relation to Dien Bien Dong.

Source: https.//earthexplorer.usgs.gov
From these data, study would provide an
overview status of LULC as well as driving
factors of LULC change.

Field survey was conducted to collect
information of various land use/land cover
types by using GPS Garmin 78s. There were
900 ground control points collected in this
study. The collecting data with an error was
less than 5 m. The survey aimed to classify
land
classification and for accuracy assessments.

cover types and support image

Based on characteristics or bio-physical
attributes of the area through field survey, this
study divided land use types into five different
types of land cover classes, including water,
built-up, forest, field and others. With a total of
900 points divided for each land cover class
(Table 2).
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Table 2. Number of ground control points (GCPs) collected by GPS for land covers

No Land cover class Number of GCPs
1 Forest 300
2 Non forest' 600
Total 900

('Non forest includes water with 100 points, built-up area with 100 points, field with 300 points and

others with 100 points).

Images processing and classification

To classify image, there are three main steps
used (Figure 1), including (1) Data collection
and image pre-processing; analysis and and
image interpretation, (2) Construction of land
cover map status of 1991, 1999, 2009 and 2017

using Normalised Differences Vegetation

Index (NDVI) in combination  with

unsupervised classification, and 3)
Construction of land cover change maps in
three periods of 1991 - 1999, 1999 - 2009 and
2009 - 2017. In order to process and classify

images, ArcGIS 10.1 software was used.

Data collection

Field survey, interview data l Landsat images

Image pre-processing

l

NDVI + Unsupervised classification

l

Accuracy assessment

l

Maps of forest covers in selected years

l

Maps of forest covers change in selected periods

Figure 1. Overview flowchart of methods used for forest cover mapping

III. RESULTS
3.1. Assessing the status of forest covers in
selected years

Maps of forest covers status in 1991, 1999,

2009 and 2017 were classified into two types

land cover classes, including forest land and

non-forest.
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Table 3. Summary of land cover extents from 1991 - 2017 (ha)

Year
Land covers
1991 1999 2009 2017
Forest 49,351.7 47,668.0 38,399.2 37,414.6
Non-forest 70,760.3 72,444.0 81,712.7 82,697.3
Total 120,111.9 120,112.0 120,111.9 120,111.9

As shown in table 3, figure 2 and figure 3,
the forest cover extents intends to decrease over
time, from 1991 to 2017. In particular, there
were 49,351.7 ha of forest cover (accounting for
40.89% of total area), about 70,760.3 ha of non-
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forest (occupied 59.11%) in 1991. However,
extents of forest covers decreased to 47,668.0
ha, 38,399.2 ha and 37,414.6 ha in 1999, 2009
and 2017, respectively. In contrast, extents of

non-forest increased from 1991 to 2017.
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Figure 2. Forest covers in Dien Bien Dong by Landsat 5 in 1991
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Figure 3. Forest covers in Dien Bien Dong by Landsat 8 in 2017
Accuracy assessments of LULC classification  survey in 2017 and additional information
For accuracy assessments of image  from Google Earth in 1991, 1999 and 2009
classification, ground control points from field  were used. As a result showed in table 4.

Table 4. Summary of accuracy assessments of forest cover maps in selected years

Year Classes Forest  Non-forest Total Accuracy (%)
Forest 78 5 90 86.7
1991 Non-forest 3 74 80 92.5
Total 40 43 170 89.4
Forest 80 10 90 88.9
1999 Non-forest 5 72 80 90.0
Total 42 51 170 89.4
Forest 76 14 90 84.4
2009 Non-forest 11 69 80 86.3
Total 38 66 170 85.3
Forest 112 8 120 93.3
2017 Non-forest 6 94 100 94.0
Total 118 102 220 93.6

126 JOURNAL OF FORESTRY SCIENCE AND TECHNOLOGY NO. 2 -2018



Management of Forest Resources and Environment

As shown in table 4, by using NDVI
classification in combination with
unsupervised classification, maps of forest
covers in four selected years are at high
accuracy. In particular, the accuracies of forest
covers mapping are at 89.4%, 89.4%, 85.3%
and 93.7% in 1991, 1999, 2009 and 2017,
respectively. With these results, using the
NDVI in combination with the unsupervised
classification is reasonable for forest covers
mapping in Dien Bien Dong due to the
relatively high accuracy. Besides, there are still

confusions between forest covers and non-
forest covers during assessments conducted.
The errors may be due to the spectral
disturbance of the image, the effect of the
angle of the image, the shade of the terrain
cannot be eliminated in the process of image
processing.
3.2. Spatial forest cover change and drivers
of change

Based on the maps of forest covers, study
spatially quantified changes in forest covers in
selected periods as shown in table 5.

Table 5. Forest cover change detection in selected periods

Types
Years No forest Forestloss  Forest gain Forest Net chztnge
stable detection
1991 - 1999 57207.3 15236.6 13552.9 34115.0 -1683.7
1999 - 2009 62450.2 19262.5 9993.8 28405.4 -9268.7
2009 -2017 63026.3 19671.0 18686.4 18728.2 -984.6

As shown in table 5, forest covers lost are
detected in net change of all three selected
periods. These findings indicate that there have
been a negative change in forest covers in Dien
Bien Dong district. In particular, there were a
loss of 1683.7 ha, 9298.7 ha and 984.6 ha of

103"100°E

forest covers in net change detection during the
period of 1991 - 1999, 1999 - 2009 and 2009 -
2017, respectively. It is also notable that period
of 1999 - 2009 with largest forest cover extents
was lost compared with other periods.
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Figure 4. Forest covers change in the period of 1991 - 2017
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Drivers of Forest cover change in
selected periods

Period of 1991 - 1999: In this period, Dien
Bien Dong district was just newly established
and management broad was under the
arrangement with a lack of professional and
skilled staff management. In addition, more
than 90% of the population were ethnic
with
households, limited intellectual level and low

minorities nearly 50% of poor
rate of socio-economic growth additionaly
contributed to make situation much worse. The
main economic activities of the local people
included shifting cultivation, which was
dependent on upland fields. In addition, there
were netheir programs nor projects applied to
encourange local people to participate in forest
protection. Therefore, some areas of the forests
were cleared simply for cultivating crops and
improving local livelihoods.

Period of 1999 - 2009: This period was
featured with extremely difficult economic
conditions together with poor infrastructure
system. There was a tendency of ethnic
people’s migration for shifting cultivation
after only 2 to 3 years of cultivation when the
upland rice was degraded, eroded and washed
away by water, land was unable to be
cultivated. Consequently, leaving behind the
wilderness, the villagers continued to cut
down the forest to make slash and burning.
Local people did not realized the importance
of forest resources and when slash and
burning activities led to occurrence of forest
fires more often. This could explains why the
largest forest cover extents were lost in this
period.

Period of 2009 - 2017: In this period, the
area of forest continuously decreased because
of increasing growth rate of population,
leading to increasing demand for forest
resources. Along with that, the illegal forest

exploitation, deforestation and forest fires have

kept the forest covers extents of Dien Bien
Dong reducing. According to Mr. Nguyen
Trong Muoi, Deputy Director of Dien Bien
Dong District Forest Protection Department
(Personal communication, 2017), in recent
years, the number of violations of the Law on
Forest Protection and Development has
increased. In 2015, forest rangers discovered,
prosecuted and fired with over 70 million
VND. Of which, 6 cases of deforestation with
the area of forest cleared over 20 ha were
caught, mainly protection forests and
productive forests. Forest fires is also a
continuous occurrence. In the first six months
of 2016, there were 17 cases of forest fires
and 182 ha of forests were destroyed by fires.
However, this period, the loss of forest cover
extents was less than 2009, because in this
period the management broad have applied
some big projects, such as forest and land
allocation, forest plantation and financial
support from Payments for ecosystem services
program.

3.3. Solutions for
management

Based on the findings identified in Dien

sustainable  forest

Bien Dong, including poor infrastructure,

many poor ethnic minorities with low

awareness, lack of staff management,
The study

purposes some key solutions for sustainable

ineffective management plans.

forest management in Dien Bien Dong district,
these include:

Lack of human resources: A number and
quality of forest managers should be increased
and improved by providing more training
courses and workshops to enrich the required
knowledge for natural resources management in
the area.

Effective management plans:
Enhancing measures in the forest management,

forest

protection and development should be prioritised
with focusing on the prevention and control of
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forest fires in dry season. Promoting
dissemination of measures in the management,
protection and development of forests to
agencies, departments, unions, communes, towns
in the district also should be paid into attention.

Improvement of local livelihoods:
Intensive development in agroforestry and
agricultural cultivation techniques should be
carried out to contribute to increasing products
and incomes of local people.

Public media enhancement: Raising local
awareness of the important roles and benefits of
forest should be carried out. Encouraging local
people to plant and protect forests, use natural
resources in a sustainable way should be taken
into account as designing land use planning.

Enhancement of scientific research:
Promoting scientific research in the area,
including on monitoring and management
forest resources should be prioritised. The
scientific researches would help policy makers
to drive reasonal decisions on sustainable
forest development and planning.

Enhancement of forest policies: Land and
forest allocation to individual households and
30a/2008/NQ-CP  of

Government should be reviewed and revised.

communities under
In addition, Land and forest land allocation
under the Plan No. 388/KH-UBND dated
20/02/2013  was

Provincial People's

issued by Dien Bien

Committee should be
revised to complete procedures for allocation
of land, forest, granting forestry land use right
certificates to individuals and organizations, in
particular strictly dealling with violations of
the Law on Forest Protection and
Development.
IV. CONCLUSION

This study has successfully constructed
the status of land cover maps in 1991, 1999,
2009 and 2017 and maps of forest covers
change in three periods of 1991 - 1999, 1999

- 2009 and 2009 - 2017. As result shown that

there are a high accuracy in all selected
years, over 85.0% of map accuracy. The
results show forest cover extents declined
from 37,414.6 ha in the period of 1991 -1999
and 9,268.7 ha in the period of 1999 - 2009
and 984.6 ha in the period of 2009 - 2017.
The study has also conducted the interview
and information obtained from document
materials indicated that human is the main
driving forces of forest cover change rather
than natural factors. The main human drivers
of forest cover change included shifting
cultivation, depending on upland fields and illegal
logging, main contribution of natural induced
(forest five some time by human), landslide and
erosion. The study also found that Dien Bien
Dong is a poor district, with low economic
conditions, poor infrastructure and have many
ethnic groups with low education. Therefore,
should be

between sustainable use of resources and local

management plans combined

livelihood improvements in combination with
certain local conditions.
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SU DUNG DU LIEU VIEN THAM PA THOI GIAN PINH LUQNG THAY POI
PQ CHE PHU RUNG TAI HUYEN PIEN BIEN PONG,
TINH PIEN BIEN GIAI POAN 1991 - 2017
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TOM TAT
Nghién ctru vé sy thay déi do che phu cua rimg va sir dung dat theo thoi gian théng qua viée st dung cac tu
liéu vién tham trén nhiéu quy mé khac nhau d duoc tién hanh & Viét Nam trong nhitng nam trd lai day. Tuy
nhién, c6 rat it nghién ctru dwoc ap dung dé diéu tra viéc sir dung dét va thay ddi do che phu dit hay su thay doi
d6 che phu ctia ring tai huyén Dién Bién Dong. Do vdy, nghién ctru sir dung dit liéu vién tham da thoi gian dé
dinh luong viéc thay d6i do che phii ciia rimg va xéac dinh cac nguyén nhén tac dong dén su thay dbi do che phi
tai huyén Dién Bién Pong, tinh Dién Bién trong giai doan 1991 - 2017 dugc thuc hién. Trong nghién ctu nay,
chung t6i st dung dit li¢u hinh anh v¢ tinh, Landsat 5 (TM) cho cac nam 1991, 1999, 2009 va Landsat 8 (OLI)
niam 2017 v&i d6 phén giai khong gian 30 m. Chi sé NDVI (chi sé khac biét thuc vat dugc chuan hoa) két hop
v6i phuong phép phan loai khong kiém dinh duoc sir dung. Két qua nghién ctru cho thdy dé chinh xac cia cac
ban d6 che phii rimg sau phan loai dat trén 85,0%. Vi két qua nay co thé noéi phuong phap két hop NDVI va
phén loai khong kiém dinh 1 phu hop va c6 thé sir dung cho khu vuc nghién ctru. Két qua cho thiy do che phu
rimg giam trong giai doan 1991 - 2017 tir 49.351,68 ha xudng con 37.414,62 ha (giam 11.937,06 ha), giai
doan 1991 - 1999 giam 1.683,72 ha, giam 9.268,74 ha giai doan 1999 - 2009 va giam 984,6 ha giai doan

2009 - 2017.

Tir khéa: Pi¢n Bién Pong, GIS, sir dung dit, thay ddi che phi dit, vién tham.
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