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Abstract. Landscape theory and its application have played an importanhableain
resourceexploitation and environmahprotection Various classification approaches had

been employed worldwide in landseaaqmdogystudies. This paper had developed a new
hierarchical landscape classification framework for quantifying spatial pattern of Bac Kan
province. A landscape formation equation was applied with three natural factors (geology,
topography, and soil) and cultdaaktor (land use). A mulével segmentation technique

with multiresolution segmentation algorithm was chosen to segment landscape units
(patches) and to categorize landscape types at different levels. The results revealed that the
landscape classificatiof Bac Kan province has 4 hierarchical lelvelgl 4, which

provided full details of spatial pattern based on geologic period, elevation, soil depth, and
land use, had 315 landscape types. At this level, there are 8,427 landscape units mapped with
a mhnimum and maximum areas of 0.02&md 116.63 kinrespectively. A new Bac Kan
landscape map at a scale of 1:100,000 along with 16 different attributes for each landscape
unit was also produced. In conclusion, the framework of research methodologg present

in this paper can be used as a guideline for landscape classification at provincial and national
levels
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1. Introduction

Currently, the new landscape classification approaches, which relate to landscape ecology and landscap
pattern analysidiave played an important role in solving integrated problems related to natural resources
exploitation and environmental protection. Since, landscape ecology considers a territory space as a systen
thatconsists of both natural elements, namely getdpggraphy, soil, climate, and vegetation as well as
human components, such as residential and land use patterns. Under these approaches, each territory is
clarified through analyzing its structure, function, and dynamics as the main characterggazapef lan
ecology. These are an essential, solid and reliable scientific basis for sustainable development planning. Thu:
identifying landscape unit and establishing landscape typmgvidsticriteria usually become the first
essential step in sevetad&s.This crucial step was mentioned and conducted at continental level for
different European landscape mapé][Besides delineating landscape units, studying landscape pattern
analysis was successfully conducted in different countries such ad Riauleit [5], Swanwick [6],
Ongsomwang and Ruamkaew [7], Ongsomwang and Sutthivanich [8], Tudor [9], Ongsomwang [10], Van
Eetvelde and Antrop [11], Bosemal. [12], K&yhkét al. [13], Blasi et al. [14], Brabyn [15], Otahel [16],
Lioubimtsevaand Defouny [ 17] , Nogu® et al. [18], Perko et
In Vietnam, studies of landscape classification are mainly bhetdemnetical backgrounds of Soviet
scientists by using natural geographic zohingng thosestudies, the muliievel landscape classification
system of La [22] which is the first landscape classification system in Vietasapplied to classify
landscape in Northern Vietham. Since then, landscape ecology scientists and researchetsthiave applie
theoretical concept for their different studies to meet practical requirdhositsf those studies were
conducted at regional and national levelswidil scatesuchas landscape map of Southern Vietnam [23],
landscape map of Vietham at the scale of 1:1,000,000 [ge2fjeless, these studies provide information
on the structure, locations and other properties of landscapes of Vietham butheosvefe manuls
produced. Therefore, a new landscape classification approach is required timeXietiae territory,
particularly areas with highly landscape diversities. Hence, Bac Kan province which represents such area is
chosen as the study area.
Generally ltere are many variants of the definition of landscape. As a result, understanding and applying
it depends on the research and management context. Miicher et al. [4] stated that landscape is considered ti
form recognizable parts of tharth's surface, it stvs a characteristic ordering of elements, although it is
often heterogeneous. Every landscape is also considered as a system of elements connected to each other |
energy, matter or information [26]. This complex system is formed and maintained bglthetimnitof
abiotic and biotic forces as well as human action [27]. However, this system by itself shows different functions
which refer to the broad categories of O0services
Landscapes agatities where many components and processes jdfetaatas agreed that landscape
is a function of abiotic, biotic and cultural faasrshown iq. (9 [4, 29, 30].

Landscape=Abiotic components+Bioti¢l) componer

Abiotic components of a landscape arelivorg chemical and physical parts of the environment that
affect living organisms and the function of the ecosystem, e.g. geology3dh@®satihe contrary, biotic
components include everything that is living. animals and plartasty, cultural components of a
landscape include anything that was hunaae or influenced, e.g. fences and [&#hs

Lipsky and Romporf9]suggested that when characterizing a complex landscape typology based on
the syntlsis of both natural and cultural featihes)se of hierarchical dependency is recommended (Fig
1). However, cultural features are too complex to categorize in a simple, comprehensive and internationally
accepted way. Thus, how to interpretcasbify cultural data have not yet achieved sufficient international
consensus and digital data sets of cultural features|dielitaeeefore, physiegeographical method which
is based on natural features (geology, soils, geomorphologyanlipatential vegetation) without human
activities is the most common for landscape classification and mapping of natural landscapes.

In this study, by considering all the natural (abiotic and biotic) and cultural factors, the equation for
landscape formatiari Bac Kan province is proposed as shown ir2Eq

Landscape =f(C, G, T, S, LU) t (2)
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where C is climate, G is geology, T is topography, S is soil, LU is land use, and t is time.

Based on landscape formation equation, climate, geology, topagrhpbi,is considered as natural
factors while land use is here considemclittsiral factor which represents human activity pattern. However,
the climate of Bac Kan province only belongs to subtrdpycalinter type (Cwa) which is monsoonal
influened, having the classic dry winter pattern associated with tropical monsoonal3d]nsatekis
factor will not be applied for landscape classification. Consequently, Bac Kan landscape classification and
mapping will be implemented based on geolamgriaphy, soil, and land use factors.

The specific objective of this research is to establish a framework for classifyingtiqres scagpder
to produce a landscape map and its database using high spatial accuracy data. The derived landscap
classification map carovideimportantinformationfor quantifying spatial pattern and also builds a bridge
for communication among scientistsearcherand decisiomakers.
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Fig 1. Landscape type as a functional hierarchy of abiotic, biotic and cultural [@en3&its
2. StudyArea

The study area is Bac Kan province situates in northeastern Vietnam. It is bounded byaeodiaates

between 2148' N to 22 44' N and 10526' E to 106 15' E (Fig2) and covers an area of 4,861.18 km
According to the Statistical Yearbook of Vietnam in 2017, the province had a population of 323,000 people
[34]

Nature gives Bac Kan prosgnnumerous mountains, rivers, and lakes which are very attractive, and they
had become wethown sights, such as Ba Be Lake, Puong Cave, Dau Dang Waterfall. Besides, it is a center
of plentiful primitive forest resources with the fullness of flora@mal fa 2011, Ba Be national park was
recognized as the Ramsar site No. 1938 of the world [35]. Bac Kan is also known as a center of mineral
resources, mainly lead, zinc, iron, and gold, which was forming by different geological processes and activities
from the Cambrian period through the Quaternary period [36]. Moreover, Bac Kan with seven ethnic groups
living together has a vibrant and diverse culture with a variety of unique customs and habits. The integration
of these natural and social charactersitdormed a richness in the mixtur¢hefBac Kan landscape,
which yields a considerable economic value such as recreation, tourism, and mining industries. It is also a
place containing cultural and historical values resulting fretarfarfgumarcivilization.
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Fig. 2. Study area
3. ResearchMethodology

The framework of research methodology on landscape classification and characterization consists of three
majorcomponents: data collection and preparation, landscape classification, and landscape characterization

(Fig. 3).
3.1 Data Collection and Preparation

The basic information of the collected data for landscape classification is provided in Table 1. Under this
component, all relevant data sources covering the whole study area were collected, then the most proper data
sets were critically reviewed for obtainability, which led the selection of geology, topography, soil, and land
use for identifying and delineatampiscape units. Simensen et al. [37] stated that these four diagnostic criteria
were most frequently used to classify landscapé beitgologic period, which was obtained from geology
map, was here used to represent the continuous process ofléordsicgpe. In fact, different period affects
to parent material formation and organism development which are the key factors influencing landscape.
Similarly, elevation data, which was obtained from topography map was applied to classify landform of
landsape. In the meantime, soil depth, which is very crucial factor for plant growth, was extracted from soil
map. Likewise, land use, which represents human activities on landscape, was extracted from land use map.
In order to carry ouhelandscape classification process, it was necessary to generalize the original data
sources for the integrated segmentation process and also to limit number of classes that are meaningful for
spatial pattern identification. Therefore, four data layedsrigdeology, topography, soil and land use were
here generalized with an acceptable number of classes (Table 2). After data generalization, three layer:
(geology, soil, and land use) were rasterized with 30 m spatial resolution same as topogmaalhy, layer. F
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four thematic data layers: geology with 10 classes, topography with 3 classes, soil with 3 classes, and land u:
with 8 classes, were achieved (Fig. 4).

‘ Data collection and preparation |

v v
l—| Natural factor ’—l ‘ Cultural factor ‘
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.
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Fig. 3. A framework of research methodology.
3.2 Landscape Classification

Multi-level segmentation technique [38, 39] which was successfully applied in European landscape
classification [4] was used to identify landscape units. Segmentation (object recognition based on spatial
characteristics) is the process of identifyingakspatis, which are mostly derived from satellite imagery,
whichwas implemented usitite eCognition software, which is obj@dented image segmentation and
classification software for midtiale analysis [40].

In practice, four thematic data layers were firstly combined using stacking operation under ERDAS
Imagine software to produce-bahd composite image before image segmentatioa,ntludtiresolution
segmentation algorithm untleeeCognition software wahosen to segment image objects (patches) at two
different levelsThis algorithm is an optimum procedure for minimizing the average heterogeneity and
maximizing the respective homogeneity by merging pixels intohbijeaggl0].

At the first level of image segmentation, only three thematic layers: geology, topography, and soil were
applied to segment image objects with optimum parameter setting by trial and error. At this level, scale
parameter was set to 30, shape factor wag)send compactness was set to 0.5. The result of image objects
from this level was considered to be a fixed matrix since all input data (geology, topography, and soil)
represents abiotic componentt@natural factor on the landscape.

In the next stept the second level of image segmentation, the derived image object from the first level
was further segmented basedhariand use layer which represents cultural factor. At this level, the scale
factor was set to 10, shape factor was set to 0, anactioesg was set to 0.5. As result, the number of image
objects (patches) with their attributes was achieved and this operation at second level was considered as the
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final image segmentation for identifying the landscape units based on combinatidogegiaplry, sqil
and land use. After that, the result was exportedfe®@ognition software to a shapefile of ESRI ArcGIS
software for data peptocessing. Hereipplygonghatare smallethan 0.02 kénwere merged with the
adjacent polygon to praziifinal landscape units accordin@yéoninimum mapping unit [41].

3.3 Landscape Characterization

The derived landscape units of Bac Kan were described based on landscape typology which is a hierarchica
naming process for every landscape type at four levels by a combination of geology, topography, soil and
land use. The first level is geology, follotse the second level with a combination of geology and
topography. At the third level, every unit is a combination of geology, topography, and soil and the fourth
level, which is the most detail of the classification, is made of all criteria, gemjogyhiosoil, and land

use. Finally, a database was built by adding 16 different attributes to each spatial landscape unit that stored a
a record. These spatial landscape units and their attrilau®S database can be used as efficient dataset

to characterize landscape as a functional hierarchy of natural and cultural phenomena of Bac Kan province.
Figure 5 illustrates hierarchical | andscape typo
of Quaternary Mountain with moderate sgitiddominated by Evergreen broadleaf forest.

Tablel. Basic information of input data for landscape classification

Scale/

Resolution Date Source

No. Data Format

General Department of Geology and
1 Geology map Vector 1:100,000 2010 pinerals of Vietnam

Vietnam Academy of Science and
2  Topography map Raster 30m 2016 Technology

) Vietnam Academy of Science and
3 Soil map Vector 1:100,000 2016 Technology

_ Bac Kan Natural Resaes and
4  Landuse Vector 1:100,000 2017 Epnvironment Department

Table 2. Basianformation after data generalization.

Geology Topography Soil Land use
NoJ Geologic pelCod No. Elz\f;t'c TypologCod No. So("caip Typolog)Cod No. Typology |Cod
Evergreen
1 |Quaternary | Q| 1 |0-100|Lowland L | 1 <50 Shallow| a | 1 broadleaf forest Ef
Bamboo and
2 lpaleogene | Pg| 2 | 199 | wit | H | 2| 50100 [Moderatel i 5 \ood mixed | Bf
500 deep "
orest
. . Shrub and
3 Jurassic J | 3| >500 [Mountairf M| 3 | >100 Deep | c | 3 grassland Sh
4 [Triassic Tr 4 Plantation forest| Pf
5 |Permian p 5 Perennial tree a Po
orchard
6 |Carboniferouy C 6 Paddy field and Pa
annual tree
7 [Devonian D 7 |Residential area] Ra
8 (Silurian S 8 |Water surface | Wa
9 (Ordovician (@]
10/Cambrian Ca
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Fig. 4 Input data for landscape classification.
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Fig. 5. Structure of 4evel hierarchical landscape typology.
4. Results

4.1. LandscapeClassification

The classification processtioé Bac Kanlandscape was implemented through 4feuli segmentation

technique which is a new approach to build the process on a priori selection of variables based on landscape
theory within the applied scientific discipl8@ In this study, a-dand compositemage (i.e. geology,
topography, soil, and land use) was built to segment landscape units into two levels.

4.1.1. First level segmentation

Since three abiotic layers which are geology, topography, and soil have the highest éufdppatimmal

hierarchyri Bac Kan landscape, image segmentation process at first level was implemented with these three
thematic layers by using multiresolution algorithm. Therefore, every created image object contains attributes
of three thematic layers (geology, topographgpdhds related featur€beresult of image segmentation

with combination of three thematic layers is displayed in Fige fiimber of image objects (landscape

units) in the entire study area was 2,710 objects and Table 3 shows an example of image object information
of object 1 (OB1).
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(a) Entire study area

j ioaey

(b) Zoomin area (red box in a)

Fig. 6. Result okegmentation at level 1 using 3 layers (geology, topography, and soil).

Table 3. Example of image object information of OB1 after segmentation at level 1.

No Feature Value
1 Number of pixels 48,781
2 Thematic object attribute 1 (Code of geologiod) Tr (Triassic)
3 Thematic object attribute 2 (Code of topography) M (Mountain)
4 Thematic object attribute 3 (Code of soil depth) a (Shallow)
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4.1.2. Second level segmentation

After achieving image objects from Leviielsegmentation process at Level 2 based on land use thematic
layer was carried out. It is obviously observed that number of image objects dramatically increases at this
level. The result shows that total 30,633 image objects before datacpesing wesegmented for the

whole study area (Fig. 7) because all image objects from segmentatiomarefewvtiidr segmented with

8 thematic land use classes. Therefore, a significant number of new image objects were created at this leve
and a new attributd land use was added for each image object. Table 4 shows an example of image object
information of image objez{OB2). In this example, OB2 was defined by the feature of Shrub and grassland
(Sh) from land use, other features were adopted from OB FY.ab

(a) Entire study area

(b) Zoomin area (red box in a)

Fig. 7. Result of segmentation at level 2 using 4 layers (geology, topography, soil, and land use).
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Table 4. Example of image object information of OB2 after segmentation at level

No Feature Value
1 Number of pixels 29,537
2 Thematic object attribute 1 (Code of geologic period)  Tr (Triassic)
3 Thematic object attribute 2 (Code of topography) M (Mountain)
4  Thematic object attribute 3 (Code of soil depth) a (Shallow)
5 Thematic object attribute 4 (Code of land use) Sh (Shrub and grassland)

4.2. LandscapeCharacterization

After data posprocessing, 8,427 landscape units with minimum and maximum areas 860M2 1663
kmz were approved for landscape typology which was categorized into 4 levels: Level 1, 2, 3 and 4. Brief
information with highlight classes of each level is summarized below.

Level 1.Landscape classification at level 1 is baskeegeologic period onlyak 10 classes. The largest
class at this level is the area forming since Devonian (D) with 2,074 &oeounts for 42.66% of the
whole study area while the smallest class is Paleogene (Pg) witta@dbkkes up only 0.01%.

Level 2.Landscape daification at level 2 is based on geologic period and elevation and has only 23
classes frorthe total possibility of 30 classes (10 x 3 classes). The largest class in this level is Devonian
Mountain (DM) with 1,038.32 Riend the smallest class is Quuaigr Mountain (QM) covering an area of
0.12 kra

Level 3.Landscape classification at level 3 is depended on geologic period, elevation, and soil depth and
has 59 classes frahetotal possibility of 90 classes (10 x 3 x 3). The largest class isaDridlieith
moderately soil depth (OHb) with 521.5@ &nd the smallest class is Quaternary Mountain with shallow
soil depth (QMa) with 0.12 km

Level 4.Landscape classification at ldwshich is the last and highest level, based on all four layers
(geologic period, elevation, soil depth, and land use). Theoretically, with 10 geology classes, 3 topography
classes, 3 soil classes, and 8 land use classes, 720 combinations (10 x 3 x 3 x 8 classes) are possible
landscape types characterizationstael but in fact only 315 combinations were found in the study area,
and therefore final landscape map was produced with 315 landscape types. The largest landscape type i
Ordovician hill with moderately soil depth and dominated by bamboo and woddreské@Hb_Bf) and
covers a total area of 261.56 with 151 patches. The smallest landscape types which cover same area of
only 0.02 kmare DLa_Wa, PHc_Bf, and QHb_Wa.

Figure 8 displays the Bac Kan landscape map at leveti2asbitemary of Ba€an landscape typology
at level 2 is described in Table 5. Meanwhile, structure of attribute of landscape unit to describe landscape of
Bac Kan province is displayed in Table 6. This attribute table can be selected and easily create landscape me
with spaial data and attribute at various levels.
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Fig. 8. Landscape map at level 2 of Bac Riavince
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