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Abstract. Coal is one of the most mining commodities to date, especially to supply both national and
international energy needs. Coal mining activities that are not well managed will have an impact on the
occurrence of environmental damage. The present study was undertaken to analyze the process of human-
induced landscape transformation in the coal mines affected areas of Cam Pha, northeast Vietnam by
interpreting temporal remote sensing data and using Geographic Information System. This experiment
revealed that most of the study area was dominated by forest in all the time sequence period. The forest
cover has decreased about 21.3%, meanwhile having nine fold increase in mining area from 1990 to 2020.
The forest area lost during the study period was 7983.45 ha due to land cover conversion into mining area.
The mining activities were also detrimental to the bare land and water body cover. The results of this study
are expected to be used to support government efforts and mining managers in post-mining coal activities.
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1. Introduction

Coal which is commonly called as the “black gold” of Vietnam, which contributes a major part to its
commercial energy production and is widely used in the power industry to generate electricity. Mining of
coal both surface and subsurface causes enormous damage to the flora, fauna, hydrological relations and
soil biological properties [1]. Open-pit mining operations are processes of denudation, handling, and
accumulation [2]. Therefore, open-pit mining areas are not only affected on the vegetation, soil, and terrain,
but also created big pits, transit sites, solid waste, and changed in land use/land cover (LULC) [3, 4].
Although land is the natural resource of the utmost importance and original source of all material wealth of
human being, the mining of natural resources is invariably associated with land use/land cover changes [5].
Modern techniques of mining using heavy equipment can produce dramatic alterations in land cover, both
ecologically and hydrologically [6, 7]. In this context, it is essential to scrutinize the effect of mining on
land use/land cover change to minimize its impact on environment as well as for proper land management
and decision making [8, 9, 10]. To ascertain such changes, earth resource satellite data are critically
important and useful for land use/land cover change studies [11].

Recently, integrated remote sensing (RS) and GIS technology has enabled environmentalists and natural
resources managers to acquire multi-temporal data and detect periodical changes [12, 13]. Multi-temporal
RS data associated with GIS tools have been used for the detection of the LULC dynamics [14, 15, 16].
Landsat TM, ETM+, and OLI with spectral channels are chosen specifically to map vegetation type, LULC,
and other landscape features [17, 18]. These types of data are particularly relevant to the scope of the study
and the free of charge of the data. GIS is an important tool for monitoring environment impacts from a wide
coverage and a tool repetitive coverage of RS data [12, 16, 19]. Moreover, it can detect the change at multi-
resolutions to generate multi-level information of LULC changes. This is to support the planning and cost-
effective decision marking.

Coal mining has been most extensively practiced in all the area of Cam Pha city, northeast Vietnam, as
a result of this, the original landscape have been converted to mine spoils. The total deposit of coal in Cam
Pha city is approximately 2.2 billion tones spreading over patches of different sizes [20]. Coal extraction in
the city is done mainly by primitive surface mining method commonly known as ‘open-pit’ mining. Mining
operations in Cam Pha city consist of the fours largest open-cast mines in Vietnam (Deo Nai, Tay Nam Da
Mai, Cao Son, and Coc Sau). Coal mining activities in Cam Pha city have had a great impact on the regional
environment, including the LULC [21].

A detailed understanding of the impact of coal mining activities on changes of land use/land cover on
time and space is pre-requisite for the city. Therefore, present study was undertaken to analyze the process
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of human-induced land cover transformation in the coal mined affected areas of Cam Pha city of Quang
Ninh, Northeast Vietnam by interpreting multi-temporal remote sensing data (in 1990, 2000, 2010 and
2020) and using geographic information system. In order to achieve this objective, the land cover types
consits of forest, mining area, settlement, water body and bare land were taken into consideration to know
the trend due to the impact of mining activities in different time periods.

2. Study areas

Cam Pha is a city of Quang Ninh province in the Northeast region of Vietnam (Fig. 1). Coal mining
activities in Cam Pha started over 100 years ago. Cam Pha is also principally known for its proximity to
extensive coal mines, and it is home to the largest mines in Vietnam, namely the Coc Sau, Cao Son, Deo
Nai, Tay Nam Da Mai open-pit mines. The coal mining and processing industry are the primary economic
sector generating income for the people. Its main economic activities are industry and construction (73.5
%), trade and service (25.1 %), and agroforestry and fishery for local consumption (1.4 %) [22].
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Fig. 1. Location of the study area.

3.  Materials and Methods

3.1 Material and data sources

In this study, the satellite images used for extracting land use/land cover maps include: Landsat 5
Thematic Mapper (TM) images acquired in 1990, 2000, 2010 and Landsat 8 Operational Land Image (OLI)
image acquired in 2020, which provided by the United States Geological Survey (USGS). Table 1 shows
the details of satellite images with acquired time and resolution. Additionally, a topographic map (scale of
1:25,000) established by the Vietnamese Ministry of Natural Resources and Environment (MONRE) in
2020 was used for geocoding satellite images.

Tab. 1. List of Landsat data with acquired time and resolution (Source: USGS).

Sensor Path/Row Acquired Date L.O cal Resolution
time (m)
™ 126/045 26 November 1990 | 14h36' 30
™ 126/045 05 November 2000 | 14h56' 30
™ 126/045 03 September 2010 | 15h07’ 30
OLI 126/045 12 November 2020 | 15h17’ 30

3.2 Methodology

Procedure of image pre-processing is to remove distortions, precision and corrected terrain data (Level
1T) into the Universal Transverse Mercator (UTM) projection and WGS 84 datum (Zone 48, North). The
images acquired in 1990, 2000 and 2010 were geo-referenced to the 2020 one. Then, the quality of the
images was improved by using spectral enhancement tool.

An object-based approach was used to produce LULC map with 5 classes: Built-up, Mine area, Forest,
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Water body and Bare land. As LULC spatial data became more widely available (either for sale or for free),
such data (e.g. LANDSAT satellite images) could be more extensively used in developing countries.
Object-based image analysis (OBIA) uses geographic objects as basic units for land cover classification.
This approach reduces the within class variation and generally removes salt-and-pepper effects which result
from isolated pixels mainly due to misclassification [23, 24, 25, 26]. OBIA has an advantage because it
incorporates various sources of information like texture, shape and position as the basis for classification
[23, 24]. A number of studies were conducted to compare the performance of object-based and pixel-based
classification of Landsat imagery [27, 28]. In most of these studies, OBIA produced higher classification
accuracies across various land cover types. Therefore, this paper further explores and demonstrates the
capability of object-oriented image analysis software eCognition for landcover classification from Landsat
imagery. The combination of complex object description, hierarchical image object network, and fuzzy
system makes eCognition a challenge to knowledge-based image interpretation in a range of landcover
classification applications.

Figure 3 shows the methodology flowchart adopted for the analysis. In the first step, the imagery was
geometrically registered and radiometrically corrected. In the second step, land cover image objects were
generated using an image segmentation algorithm. The training samples used for the former classification
were carefully chosen after field investigation and reference were made to available ancillary maps. Finally,
the accuracy of the classification results derived from this method was assessed using reliable reference
data.

For detecting and analyzing the change on earth’s surface, the most standard method used for land use
land cover change detection is the post classification comparison method, which entails the comparison
of independently produced classified images [29]. Post classification method is proved to be the most
popular approach in change detection analysis [29, 30, 31, 32, 33]. This method requires the comparison
between classification maps achieved from satellite images. The approach of this method is based on the
rectification of the independently classified images, then the thematic maps generated is followed by the
comparison of corresponding labels to identify the areas inwhich change has occurred. In this case LULC
change detection study for opencast coal mining area in Cam Pha region was carried out by using post
classification method. In addition, in order to obtain the dynamic changes of each class categories during
the study period (i.e., from 1990 to 2020), the ArcMap 10.3 software were used to compute the trend, class
total, net change, class change, percent change and rate of each LULC change between the years 1990,
2000, 2010, and 2020.

4. Results and discussion
4.1. Accuracy Assessment

The classification accuracy is achieved by comparing the ground truth data points sampled along roads,
focusing on typical land-cover types in the region (Fig. 2) with the classified images. The accuracy of each
classified image was provided by eCognition Developer 8.7 software using a stratified random sampling
approach with a minimum per-class sample size of 20 points to ensure that classes. The overall accuracy
is calculated by dividing the number of correctly classified pixels by the total number of reference and
ground pixels [34]. Although it is simple, the overall accuracy has been the most conventional approach in
accuracy assessment.

An improvement to the overall accuracy assessment is the Kappa coefficient of agreement which
expresses the proportionate reduction in error generated by a classifier compared with the error of a
completely random classification. Reference and ground samples were randomly generated, and then the
respective informational classes were labeled by referring to the ortho-corrected digital land-use map. For
this research, 128 references and ground sites were selected from high resolution Google Earth images,
landuse/land cover map and fieldwork in December 2020. Results of accuracy assessment of the classifed
images showed that, the overall accuracy and kappa coefficient were found at 80.06% and 0.78 for
classified image in 1990, 83.32% and 0.81 for classified image in 2000, 84.69% and 0.82 for classified
image in 2010, 87.05% and 0.85 for classified image in 2020, respectively for LULC classified images.
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Fig. 2. Distribution of the ground truth points and field survey in the research.
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Fig. 3. Flowchart of image processing for land cover classification.
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Fig. 4. Land use/land cover maps in Cam Pha city, Quang Ninh province, Viet Nam
in 1990, 2000, 2010, and 2020.

The results on various land cover extents and their changes are presented in Figures 4, 5, and Table 2.
Five major LULC classes: built up, forest, water body, mining area, and bare land were regconized in the
study area. The LULC maps of the study area for four different years are presented in Fig. 4. Spatial
distribution and area statistics of five LULC categories and the change of the area covered by each LULC
category for each years are also shown in Table 2. Table 2 depicts the magnitude of change in different
land use/ land cover categories in 4 period span from 1990 to 2000, 2000 to 2010, 2010 to 2020, and 1990
to 2020. Table 2 also shows the statistics of change detection analysis for the study period 1990-2020 for
each class categories.
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Figure 4 shows that coal mines area as a main part of the study was distributed mostly in the central or
Cam Pha city. The forest areal is the most biggest in the study area, and shows decreasing trend from 1990-
2020. Forest cover land contains 29322.72 ha (78.41%) in the year 1990, however decreased to 21339.27
ha (57.06 %) in the year 2020.

The water body comprises the second largest class of the study area and forms an important land cover
class. The rate of the water body is with area of 3494.34 ha (9.34%) in 1990, 3997.62 ha (10.69%) in 2000,
and 2781.27 ha (7.43%) in 2020.

The coal mining area that had spread over 719.55 ha in 1990 (1.92%), increased to 2491.47 ha (6.66%)
in 2000, and again increased to 6313.95 ha (16.89%) in 2020. The mining area comprises the opencast coal
mines and overburden dumps showed constant increase in their aerial extents during the study period. The
most mining extraction process and new mine coal pits are situated in forest land area.

On the other hand it can be observed from the data that there was a shrunken in the area of all of the
land cover from 1990 to 2020, excepted mine and built up cover area (Tab. 2 and Fig. 5).

Tab. 2. Area of Land use/ land cover classes and its change from 1990 to 2020 in the Cam Pha coal

mines area.
LULC 1990 2000 2010 2020 Changed Changed | Changed | Changed
classes (Ha) (Ha) (Ha) (Ha) 1990 -2000 | 2000 - 2010 - 1990 -
(Ha) 2010 2020 2020 (Ha)
(Ha) (Ha)
Mining 719.55 | 249147 | 4534.38 6313.95 +1771.92 | +2042.91 | +1779.57 +5594.4
area
Built up 1693.80 | 2415.78 | 4073.40 4842.18 +721.98 | +1657.62 | +768.78 | +3148.20
Forest 29322.72 | 26708.49 | 22765.50 | 21339.27 -2614.41 | -3942.99 | -1426.23 | -7983.45
Water 3494.34 | 3997.62 | 2253.33 2781.27 +503.46 | -1744.29 527.94 -712.89
body
Bare land 2165.67 | 1782.72 | 3769.47 2119.41 -382.95 | +1986.75 | -1650.06 -46.26
Total 37396.08 | 37396.08 | 37396.08 | 37396.08 0 0 0 0
35000
30000
25000
20000
(1}
-
15000
10000
5000
0
Mining area Built up Forest Water body Bare land

1390 = 2000 =2010 112020

Fig. 5. Change in area under land use/land cover.
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Fig. 6. The expansion of opencast coal mining areas in Cam Pha city from 1990 to 2020.
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Fig. 7. Mining areal from 1990 to 2020 in Campha city, Quangninh province.
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4.3. Impact of open-cast coal mines on land use/land cover change in Cam Pha city, Quang Ninh
province, Viet Nam between 1990 and 2020

Land use dynamics were categorized in to five classes i.e., forest to mining, bare land to mining, water
body to mining, no change and others were considered (Fig. 9). The result from the change analysis shows
that there was impact of mining to different land uses/land cover, which were directly related to forest, bare
land, and water body. About 43 km? of the forest of the study area was changed to the mining area from
1990 to 2020 and more than 10 km? area of bare land was converted into mining area during that period.
The changes of about 3 percent of the total water body area revealed that much stress was on to the
landscape during 30 years of time (Fig. 8).

The results of study revealed that from 1990 to 2020 maximum positive change is observed in the
mining area, whereas maximum negative change recorded in forest land cover (Fig. 9 and Tab. 2). The
mining activities in the area is a significant driver to decrease in LULC categories, and change their rates
during the period from 1990 to 2020 (Fig. 8). The classified results of the forest area were the most
victimized due to increasing in mining activity (from 719.55 ha in 1990 to 6313.95 ha in 2020). There was
a loss 4321.620 ha of the forest area from 1990-2020 (approximate about 15%), meanwhile the water body
conveted 94.95 ha (about 3%) to mining area during 30 years (Fig. 8).

Water body

Forest Bare land

Fig. 8. The percentage of change (in %) of three LULC class converted to Mining area
in the Cam Pha coalfield over time periods.
5. Conclusions

This study has revealed that considerable land use/land cover changes have taken place in Cam Pha city
and around mines coal field from 1990 to 2020. Coal mining operation on large scale has significantly
changed the mining environment. The mining area shows the increase of 5594.4 ha during 30 years due to
the rapid increase in the coal production, meanwhile forest areas are decreasing but the plantations at
overburden dumps under reclamation schemes have also been going on. It may be concluded that the land
use/land cover change in the coal field has taken place due to the rapid expansion of mining and industrial
activity the period of 1990 - 2020. This has resulted in the drastic changes in the land cover dynamics of
the study area.

The use of multitemporal satellite data in the area has clearly demonstrated the potential of remote
sensing imagery and its techniques in measuring the change pattern of LULC in the area characterized by
the influx of mining. The use of remote sensing techniques can monitor the effect of opencast mining at
local to regional scales due to the availability of past data, thereby helping us in reconstructing the effect
of mining in the past few decades. A series of LULC maps generated by using multispectral and
multitemporal remote sensing images acquired between 1990 and 2020 provides an understanding about
how the LULC of an area evolved with time to its current form.
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