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Abstract. Landscape theory and its application have played an important role in natural 
resource exploitation and environmental protection. Various classification approaches had 
been employed worldwide in landscape ecology studies. 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 cultural factor (land use). A multi-level 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 classification of Bac Kan province has 4 hierarchical levels. Level 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 minimum and maximum areas of 0.02 km2 and 116.63 km2, respectively. 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 methodology presented 
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 landscape 
pattern analysis, have 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 system 
that consists of both natural elements, namely geology, topography, 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 characteristics of landscape 
ecology. These are an essential, solid and reliable scientific basis for sustainable development planning. Thus, 
identifying landscape unit and establishing landscape type with diagnostic criteria usually become the first 
essential step in several studies. This crucial step was mentioned and conducted at continental level for 
different European landscape maps [1-4]. Besides delineating landscape units, studying landscape pattern 
analysis was successfully conducted in different countries such as Kim and Pauleit [5], Swanwick [6], 
Ongsomwang and Ruamkaew [7], Ongsomwang and Sutthivanich [8], Tudor [9], Ongsomwang [10], Van 
Eetvelde and Antrop [11], Bosun et al. [12], Käyhkö et al. [13], Blasi et al. [14], Brabyn [15], Otahel [16], 
Lioubimtseva and Defourny [17], Nogu® et al. [18], Perko et al. [19], Romportl et al. [20], Div²Ģek et al. [21]. 

In Vietnam, studies of landscape classification are mainly based on the theoretical backgrounds of Soviet 
scientists by using natural geographic zoning. Among those studies, the multi-level landscape classification 
system of Lap [22], which is the first landscape classification system in Vietnam, was applied to classify 
landscape in Northern Vietnam. Since then, landscape ecology scientists and researchers have applied his 
theoretical concept for their different studies to meet practical requirements. Most of those studies were 
conducted at regional and national levels with small scales, such as landscape map of Southern Vietnam [23], 
landscape map of Vietnam at the scale of 1:1,000,000 [24, 25]. Nevertheless, these studies provide information 
on the structure, locations and other properties of landscapes of Vietnam but most of them were manually 
produced. Therefore, a new landscape classification approach is required to examine for Vietnam territory, 
particularly areas with highly landscape diversities. Hence, Bac Kan province which represents such area is 
chosen as the study area. 

Generally, there are many variants of the definition of landscape. As a result, understanding and applying 
it depends on the research and management context. Mücher et al. [4] stated that landscape is considered to 
form recognizable parts of the Earth's surface, it shows a characteristic ordering of elements, although it is 
often heterogeneous. Every landscape is also considered as a system of elements connected to each other by 
energy, matter or information [26]. This complex system is formed and maintained by the mutual action of 
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 òservicesó that consists of production, protection, and regulation [28]. 

Landscapes are entities where many components and processes interact [4]. It was agreed that landscape 
is a function of abiotic, biotic and cultural factors as shown in Eq. (1) [4, 29, 30]. 

 

Landscape=Abiotic components+Biotic components+Cultural components (1) 
 
Abiotic components of a landscape are non-living chemical and physical parts of the environment that 

affect living organisms and the function of the ecosystem, e.g. geology and soil [31]. On the contrary, biotic 
components include everything that is living, e.g. animals and plants. Lastly, cultural components of a 
landscape include anything that was human-made or influenced, e.g. fences and dams [32]. 

Lipský and Romportl [29] suggested that when characterizing a complex landscape typology based on 
the synthesis of both natural and cultural features, the use 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 interpret and classify cultural data have not yet achieved sufficient international 
consensus and digital data sets of cultural features are rare [4]. Therefore, physico-geographical method which 
is based on natural features (geology, soils, geomorphology, climate, and potential 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 formation of Bac Kan province is proposed as shown in Eq. (2). 

 
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, topography, and soil is considered as natural 

factors while land use is here considered as a cultural factor which represents human activity pattern. However, 
the climate of Bac Kan province only belongs to subtropical-dry winter type (Cwa) which is monsoonal 
influenced, having the classic dry winter pattern associated with tropical monsoonal climates [33], so this 
factor will not be applied for landscape classification. Consequently, Bac Kan landscape classification and 
mapping will be implemented based on geology, topography, soil, and land use factors. 

The specific objective of this research is to establish a framework for classifying landscape types in order 
to produce a landscape map and its database using high spatial accuracy data. The derived landscape 
classification map can provide important information for quantifying spatial pattern and also builds a bridge 
for communication among scientists, researchers, and decision-makers. 

 

 
  
Fig. 1. Landscape type as a functional hierarchy of abiotic, biotic and cultural elements [29, 30]. 
 

2. Study Area 
 
The study area is Bac Kan province situates in northeastern Vietnam. It is bounded by geographic coordinates 

between 21̄ 48' N to 22̄ 44' N and 105̄ 26' E to 106̄ 15' E (Fig. 2) and covers an area of 4,861.18 km2. 
According to the Statistical Yearbook of Vietnam in 2017, the province had a population of 323,000 people 
[34]. 

Nature gives Bac Kan province numerous mountains, rivers, and lakes which are very attractive, and they 
had become well-known 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 and fauna. In 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 characteristics had formed a richness in the mixture of the Bac 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 from long-term human civilization. 
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Fig. 2. Study area. 

 

3. Research Methodology 
 

The framework of research methodology on landscape classification and characterization consists of three 
major components: 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 delineating landscape units. Simensen et al. [37] stated that these four diagnostic criteria 
were most frequently used to classify landscape units. The geologic period, which was obtained from geology 
map, was here used to represent the continuous process of forming landscape. 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 
landscape. 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 out the landscape 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 layers including geology, topography, soil and land use were 
here generalized with an acceptable number of classes (Table 2). After data generalization, three layers 
(geology, soil, and land use) were rasterized with 30 m spatial resolution same as topography layer. Finally, 
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four thematic data layers: geology with 10 classes, topography with 3 classes, soil with 3 classes, and land use 
with 8 classes, were achieved (Fig. 4). 
 

 
 

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 identifying spatial units, which are mostly derived from satellite imagery, 
which was implemented using the eCognition software, which is object-oriented image segmentation and 
classification software for multi-scale analysis [40]. 

In practice, four thematic data layers were firstly combined using stacking operation under ERDAS 
Imagine software to produce a 4-band composite image before image segmentation, then a multiresolution 
segmentation algorithm under the eCognition software was chosen to segment image objects (patches) at two 
different levels. This algorithm is an optimum procedure for minimizing the average heterogeneity and 
maximizing the respective homogeneity by merging pixels into image objects [40]. 

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 was set to 0, and 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 component of the natural factor on the landscape. 

In the next step at the second level of image segmentation, the derived image object from the first level 
was further segmented based on the land use layer which represents cultural factor. At this level, the scale 
factor was set to 10, shape factor was set to 0, and compactness 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 combination geology, topography, soil, 
and land use. After that, the result was exported from the eCognition software to a shapefile of ESRI ArcGIS 
software for data post-processing. Herein, polygons that are smaller than 0.02 km2 were merged with the 
adjacent polygon to produce final landscape units according to the minimum mapping unit [41]. 

 
3.3 Landscape Characterization 

 
The derived landscape units of Bac Kan were described based on landscape typology which is a hierarchical 
naming process for every landscape type at four levels by a combination of geology, topography, soil and 
land use. The first level is geology, followed by 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, geology, topography, soil, and land 
use. Finally, a database was built by adding 16 different attributes to each spatial landscape unit that stored as 
a record. These spatial landscape units and their attributes as a GIS 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 landscape typology with four levels, e.g. òQMb_Efó represents a combination 
of Quaternary Mountain with moderate soil depth dominated by Evergreen broadleaf forest. 
 
Table 1. Basic information of input data for landscape classification. 

 

No. Data Format 
Scale/ 

Resolution 
Date Source 

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

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

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

4 Land use Vector 1:100,000 2017 
Bac Kan Natural Resources and 
Environment Department 

 
Table 2. Basic information after data generalization. 

 
Geology Topography Soil Land use 

No. Geologic period Code No. 
Elevation 

(m) 
Typology Code No. 

Soil Depth 
(cm) 

Typology Code No. Typology Code 

1 Quaternary Q 1 0 - 100 Lowland L 1 <50 Shallow a 1 
Evergreen 
broadleaf forest  

Ef 

2 Paleogene Pg 2 
100 - 
500 

Hill H 2 50-100 
Moderately 

deep 
b 2 

Bamboo and 
wood mixed 
forest 

Bf 

3 Jurassic J 3 > 500 Mountain M 3 >100 Deep c 3 
Shrub and 
grassland 

Sh 

4 Triassic Tr         4 Plantation forest Pf 

5 Permian P 
        

5 
Perennial tree and 
orchard 

Po 

6 Carboniferous C 
        

6 
Paddy field and 
annual tree 

Pa 

7 Devonian D         7 Residential area Ra 

8 Silurian S         8 Water surface Wa 

9 Ordovician O            

10 Cambrian Ca            
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(a) Geology (b) Topography 

  
(c) Soil (d) Land use 

 
Fig. 4. Input data for landscape classification. 
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Fig. 5. Structure of 4-level hierarchical landscape typology. 
 

4. Results 
 
4.1. Landscape Classification 
 
The classification process of the Bac Kan landscape was implemented through multi-level 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 discipline [37]. In this study, a 4-band composite image (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 independence of functional 
hierarchy in 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, topography, and soil) as related features. The result of image segmentation 
with combination of three thematic layers is displayed in Fig. 6. The number 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 

 

 
 

(b) Zoom-in area (red box in a) 
 
Fig. 6. Result of segmentation 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 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) 
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4.1.2. Second level segmentation 
 
After achieving image objects from Level 1, the segmentation 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 data post-processing were segmented for the 
whole study area (Fig. 7) because all image objects from segmentation at Level 1 were further segmented with 
8 thematic land use classes. Therefore, a significant number of new image objects were created at this level, 
and a new attribute of land use was added for each image object. Table 4 shows an example of image object 
information of image object 2 (OB2). In this example, OB2 was defined by the feature of Shrub and grassland 
(Sh) from land use, other features were adopted from OB1 (Table 3). 
 

 
 

(a) Entire study area 

 

 
 

(b) Zoom-in 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 2 
 

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. Landscape Characterization 
 
After data post-processing, 8,427 landscape units with minimum and maximum areas of 0.02 km2 and 116.63 
km2 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 based on the geologic period only, has 10 classes. The largest 
class at this level is the area forming since Devonian (D) with 2,074.02 km2 and accounts for 42.66% of the 
whole study area while the smallest class is Paleogene (Pg) with 0.63 km2 and makes up only 0.01%. 

Level 2. Landscape classification at level 2 is based on geologic period and elevation and has only 23 
classes from the total possibility of 30 classes (10 x 3 classes). The largest class in this level is Devonian 
Mountain (DM) with 1,038.32 km2 and the smallest class is Quaternary Mountain (QM) covering an area of 
0.12 km2.  

Level 3. Landscape classification at level 3 is depended on geologic period, elevation, and soil depth and 
has 59 classes from the total possibility of 90 classes (10 x 3 x 3). The largest class is Ordovician Hill with 
moderately soil depth (OHb) with 521.50 km2 and the smallest class is Quaternary Mountain with shallow 
soil depth (QMa) with 0.12 km2.  

Level 4. Landscape classification at level 4 which 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 for 
landscape types characterization at this level 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 is 
Ordovician hill with moderately soil depth and dominated by bamboo and wood mixed forest (OHb_Bf) and 
covers a total area of 261.56 km2 with 151 patches. The smallest landscape types which cover same area of 
only 0.02 km2 are DLa_Wa, PHc_Bf, and QHb_Wa.  

Figure 8 displays the Bac Kan landscape map at level 2 while the summary of Bac Kan 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 map 
with spatial data and attribute at various levels. 
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Fig. 8. Landscape map at level 2 of Bac Kan Province. 
 
 
 
 


