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Abstract
This study demonstrates the steps of building a spatial analysis model that is applicable in synthetically assessing the 
sensitivity of landscape erosion in mountainous regions. Field testing was carried out at Ngu Chi Son commune, Sa Pa 
district, Lao Cai Province, Vietnam. The primary basis is the application of the GIS spatial analysis model in mapping the 
landscape structure. Subsequently, depending on the landscape structure map, the analysis model of erosion levels due 
to erosion factors (rainfall, terrain, the thickness of soil layers, mechanical compositions, vegetation cover, and cultivation 
measures of human beings) was constructed. The employed algorithms included spatial overlay, spatial interpolation, 
attribute reclassification, and average indexes. The results of this study have indicated the erosion sensitivity of every 
landscape unit, which is categorized into five levels: very low, low, medium, high, and very high. Obtained appraisals 
and sensitivity categorization are important fundaments to issue exploitation orientations and reasonable usages of 
resources within the researched region. This proves to be a new direction of research with overall potentials in assessing 
mountainous landscapes.
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1 Introduction

The erosion sensitivity of landscapes is the overall ero-
sion sensitivity levels of landscape compositions under 
the impact of natural factors such as terrain, rainfall, veg-
etation cover, flooding, and soil erosion [1]. A landscape 
unit–landscape type is a fundamental unit evaluating the 
sensitivity of landscape erosion. The erosion sensitivity of 
a landscape unit is dependent on the levels of soil ero-
sion, erosion due to topographic factors, erosion due to 
rainfall, erosion due to the loss of vegetation, and erosion 
due to human cultivation. The erosion sensitivity of land-
scapes is considered as an important index in studying 
and assessing mountainous landscapes and ecologies in 
order to state the sustainability in exploitation and territo-
rial utilization. In general studies regarding mountainous 

landscapes, there are only a few researches mentioning 
landscape erosion sensitivity. Particularly, the erosion 
indexes of landscapes are detected in 50 out of 300 stud-
ies. Furthermore, most of those 50 studies merely focus 
on analyzing single landscape factors. Prominently, they 
are a study on soil erosion following the Universal Soil 
Loss Equation (USLE) of Wiscehmeir and Smith [2]; a study 
on soil erosion through the sensitivity of natural environ-
ments [3–8]; a study on landscape assessment according 
to quantitative methods with the calculation of erosion 
indexes following terrain and rainfall [9, 10]; a study on 
the landscape sensitivity in line with space and time 
based on landscape equilibrium indexes [11, 12]; soil ero-
sion indexes were established based on the calculations 
of potential, practical soil loss indexes, and soil erosion 
susceptibility (soil erosion and conservation, models of 
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soil erosion and land use, spatial patterns of soil erosion 
susceptibility) [13–15]; approaching landscape analysis 
in accordance with the analytical hierarchy process (AHP) 
[16–18]; constructing a model calculating erosion rates in 
terms of landscapes [19–23]; and a study on the geomor-
phic limitations on landscape sensitivity owing to the cli-
mate of tectonically active sites [24–26]. It can be seen that 
the erosion indexes of those studies are derived from only 
soil erosion or from studying separately on factors that are 
influential in erosion including terrain, geomorphology, 
rainfall, and vegetation cover. The research methodology 
primarily uses the application of mathematical models as 
a fundament to calculate erosion indexes. Consequently, 
the fact that there is no overall spatial analysis model in 
previous studies is a considerable limitation. Moreover, the 
lack of a method that accurately simulates the researched 
areas is also a shortcoming.

In recent years, the application of remote sensing 
technologies and geographic information system (GIS) 
in studying landscapes is increasing popularly. More and 
more studies on assessing landscapes by the utilization of 
remote sensing images and GIS have approached quanti-
tative orientations, descriptions, and intuitive comparisons 
of researched space through various map systems. Spe-
cifically, the remarkable studies that have implemented 
remote sensing and GIS employment in analyzing moun-
tainous landscapes can be reckoned as a study on assess-
ing soil erosion in karst sites through the Enhanced The-
matic Mapper (ETM) sensor of the Landsat 7 satellite and 
ArcGIS [27–29]; a study on the classification and supervi-
sion of mountainous landscapes through satellite images 
and digital elevation models (DEMs) [30, 31]; the integra-
tion of remote sensing, GIS, and rainfall data in analyzing 
erosion indexes in accordance with regional landscapes 
[32]; and a study on the alteration of vegetation in moun-
tainous landscapes using sensing remote technologies 
[33–35]. It is evident that GIS technology allows the simu-
lation of researched results and the clear expression of 
landscape indexes with an intuitive display. Moreover, the 
limitations in spatially simulating the examined regions 
are also resolved by GIS. Nevertheless, nowadays, there 
have not been any comprehensive research models that 
are specialized for assessing the sensitivity of landscape 
erosion based on the synthetic determination of impact-
ing factors.

In Vietnam, landscape researching in general and the 
comprehension of soil erosion indexes in landscapes 
remain vague. In spite of the potential benefits, no spe-
cific studies mentioning models to establish erosion 
indexes have been well developed. There are only a few 
separate studies such as a study on assessing the sustain-
ability of mountainous landscapes [36, 37]; an analysis of 
mountainous ecological landscape structures to serve 

the sustainable development of agriculture and forestry 
[38–41]; a study on soil erosion [42, 43]. Resulted from such 
a shortcoming, this research aimed to construct a spatial 
analysis model to appraise the erosion sensitivity of land-
scapes in mountainous regions. The spatial analysis feature 
that GIS offers is capable of investigating the characteris-
tics of spatial structures obtained from landscape units. 
Simultaneously, synthetic appraisals regarding landscape 
erosion sensitivity through hierarchical indexes are derived 
from input data. This research also resolved the limitations 
in describing spatially mountainous landscapes. Resultant 
indexes of landscape erosion were approached in syn-
thetic viewpoints. As the tested field was at Ngu Chi Son 
commune, which is a typical mountainous region in Viet-
nam, the theoretical results and hypotheses were practi-
cally verified with high reliability and evident proofs to be 
applicable in spatially orienting the reasonable usages of 
resources and protecting the environment in mountainous 
regions of Vietnam.

2  Materials and methods

2.1  Research area

Ngu Chi Son is an alpine commune that belongs to Sa Pa 
district, Lao Cai Province, Vietnam. The place has a natu-
ral area of 8052,125 hectares and a population of 6183. 
As two primary compositions of the local population, the 
H’Mong ethnic group and Dao ethnic group account for 
over 94.6% (Annual statistics, 2019). This territory is evalu-
ated to be rich in terms of natural resources. Particularly, 
there are diverse and plentiful climate types and beautiful 
natural landscapes, contributing to the development of 
local tourism. It is also believed to have certain advantages 
that potentially facilitate the sustainable development of 
local agriculture. Especially, the characteristics of topog-
raphy and geomorphology of this region are diverse from 
floodplains of streams, valleys to limestone, and granite 
mountains, which result in an outstandingly plentiful soil 
set. The survey data also indicates that Ngu Chi Son Com-
mune has five different types of soil including: sandy soil 
on the stream (Sa), silt soil on valleys (Si), humus soil on 
granite (HGa), humus soil on limestone (HLi), feralits soil 
(Fe). Local rainfall also shows differentiation and diversifi-
cation. The annual average rainfall is 1850 mm. Therefore, 
regions with low terrains receive 1500 mm of rainfall each 
year, while central regions’ annual rainfall fluctuates from 
1500 to 2000 mm and high mountainous regions have a 
share of 2000 mm. Rainfall also varies in accordance with 
seasons. 90% of rainfall concentrates in the rainy season 
(April–November). For vegetation, this factor differs fol-
lowing altitudes and is significantly influenced by humans. 
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Satellite images and the data obtained from field survey 
indicate that the research area possesses an adequate set 
of vegetation forms such as natural forests, meadow, wild 
plants, milpa, crops, vacant land. Ngu Chi Son area often 
causes many types of natural disasters, flash floods, land-
slides, and soil erosion. Regional statistical data show that 
there were 13 flash floods, 21 points of landslide, and the 
soil erosion increased by about 22.8% in Ngu Chi Son com-
mune from 2000 to 2019 (Annual statistics, 2019).

In spite of the diversity in terms of natural conditions, 
which are advantageous for social–economic develop-
ment, indigenous economic activities are still suspended 
with hurdles. Livelihoods of local people are virtually in 
the form of self-sufficiency. The exploitation of natural 
resources is ineffective with low soil-using coefficients. 
The status of exploiting and utilizing the territory is unrea-
sonable and dependent on natural conditions as well as 
obsolete cultivation customs of indigenous people. Addi-
tionally, due to the characteristic terrain, which mainly 
consists of hills and mountains with an average height of 
1568.4 m (the highest point of 3024.5 m and the lowest 
point of 714.3 m) and a thin vegetation cover, the erosion 
phenomenon of not only soil but also other landscape 
compositions occurs drastically. That is why research on 
the sensitivity of landscape erosion at Ngu Chi Son com-
mune is essential and helpful for future orientations for 
cultivation, proper utilization of resources, and protecting 
the environment as well.

2.2  Data and methodology

The study employed various research methods includ-
ing data collection, GIS spatial analysis method, remote 
sensing image processing method, inheritance method of 
analyzed results, and field survey method.

2.2.1  Data collection

The study employed data originating from various sources: 
field surveys and investigations, statistics, observational 
data, remote sensing images, and the referential data 
of relevant studies. Particularly, data regarding slopes 
were constructed on a digital elevation model (DEM) 
and a topographic map of Sa Pa district with a scale of 1: 
25,000. Data regarding vegetation cover were obtained 
from images taken by Landsat 8 ETM Satellite. The infor-
mation of rainfall in a period of 60 years (1958–2018) was 
collected from the database of a weather station in Sa 
Pa district. Details that correspond to the status of land 
utilization, characteristics of required samples, types of 
soil, layer thickness, and mechanical compositions were 
gathered directly from field surveys and the analyses of 

32 soil horizon samples, which represented nine forms of 
landscapes that cover throughout the researched area.

2.2.2  GIS spatial analysis method

This was the primary method applied in analyses, estab-
lish landscape unit maps, and maps that evaluate the sen-
sitivity of landscape erosion. There were two employed 
algorithms, which are the spatial overlaying algorithm 
[44] and the attribute reclassification algorithm [45, 46]. 
Spatial data were processed and analyzed simultaneously 
through ArcGIS software and subsequently used to con-
struct maps by Mapinfo software. In addition, an employed 
digital elevation model (DEM) also contributed to analyz-
ing topographic [47]. The DEM database of the study area 
was constructed from a 1:25,000 topographic map with a 
distance of contour lines of 100 m. The GIS spatial inter-
polation algorithm (inverse distance weighting) was also 
used to sketch soil unit maps [48].

2.2.3  Remote sensing image processing method

This method was executed by ENVI software, which is 
capable of processing satellite images (taken on 12th April 
2017 and 20th October 2019) from the Enhanced Thematic 
Mapper of Landsat 8 with a resolution of 30 m. The pro-
cessed images were then employed to graph the normal-
ized difference vegetation index (NDVI) for the researched 
area. NDVI is a simple graphical indicator that analyzes 
remote sensing measurements, often from a space plat-
form, assessing whether or not the target being observed 
contains live green vegetation. The study also selected 
two intensive processing methods that are the NDVI dif-
ferencing and the post-classification [49, 50]. Owing to the 
NDVI differencing method, the understanding of radiation 
levels originating from vegetation was apprehended via 
the formula ε = 1.0094 + 0.047 ln [43]. The NDVI values at 
the study area are calculated according to the formula: 
NDVI = (IR-R)/(IR + R). In the formula, R and IR sequentially 
stand (Fig. 1) for the red and infrared channel.

2.2.4  Inheritance of analyzed results

The study inherited the analyses of 32 soil horizon sam-
ples that represented nine forms of soil throughout the 
researched area [51]. Each soil horizon sample was dug 
up and analyzed in place according to the manual of the 
FAO system (2006). The analyzed results of horizon soils 
indicated the characteristics of each sample, each type of 
soil, and each mechanical layer of soil distributed in the 
researched area.
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2.2.5  Field survey

During the execution period of the study, the authors car-
ried out numerous practical surveys researched area. The 
aim of field survey was to collect realistic data (regarding 
natural, social, and economic conditions), study the prac-
tices of cultivation of indigenous people, and detect fac-
tors causing erosion.

2.3  Spatial analysis model

Based on the fundaments of the study methods listed 
above, the authors have constructed a spatial analysis 
model to apprehend the levels of landscape erosion fol-
lowing the spatially analytical functions of GIS. The model 
of landscape erosion sensitivity that serves reasonable 
usages of natural resources and the protection of nature 
is presented in four steps (Fig. 2).

2.3.1  Step 1: The construction of a database

The database consists of statistical data regarding land-
scape compositional factors (topography, geomorphol-
ogy, climate, soil, rivers and streams, vegetation, and 
farming practices) and data of landscape erosion factors 
(rainfall, slopes, soil horizons, mechanical compositions of 

soil, vegetation, and cultivation). After collected, all data 
are classified and systemized to create a GIS database.

2.3.2  Step 2: The analysis of spatial landscape structures

The analysis processes are conducted based on the estab-
lishment of compositional maps including slope maps 
and geomorphic maps, which were established based 
on the data provided by topographic maps, DEM analy-
ses, and calibrations from field investigations; soil maps, 
which were established based on the employment of data 
regarding soil types of Sa Pa district, the inheritance of the 
analysis over 32 soil samples in the study area, the subse-
quent interpolation and determinations of soil types, soil 
horizons, and mechanical compositions, and the employ-
ment of inverse distance weighted interpolation; rainfall 
maps, which were constructed. The application of GIS 
spatial overlaying method to sketch landscape unit maps. 
Each landscape unit has characteristic attributes that cor-
respond to each landscape structure.

2.3.3  Step 3: The assessment of landscape erosion 
sensitivity

Based on the association between the levels of erosion 
and landscape erosion factors at Ngu Chi Son com-
mune, the model assessing the sensitivity of each factor, 
including annual average rainfall, slopes, soil horizons, 
mechanical composition, vegetation, and cultivation, is 
exhibited in Table 1. The rainfall factor that significantly 
influences landscape erosion has been studied and clas-
sified in many studies [5, 10, 19]. Most of those studies 
categorize rainfall systematically in terms of topographic 
heights. However, during the application of this classifica-
tion in the researched area, the microclimate of the region 
proved an obstacle to the achievement of accurate data. 
Consequently, the annual average rainfall of this area 
was divided into six levels corresponding to values under 
1000; 1000–1250; 1250–1500; 1500–1750; 1750–2000; 
and above 2000 mm/year. The exact evaluations were 
appended to each level based on realistic experimental 
results and the co-relation between annual average rain-
fall and erosion levels. Slopes, soil horizons, and mechani-
cal compositions were also labeled with scoring indexes 
according to each corresponding level of the landscape 
classification criteria. While, the levels of vegetation and 
cultivation were dependent on a scale ranging from the 
lowest erosion level, which corresponded to primeval 
forests, to the highest level that corresponded to empty 
ground, equivalent to the value of NDVI from –0.35 to 0.7 
[43].

The erosion sensitivity levels of Ngu Chi Son’s land-
scapes were concluded using the comparisons between 

Fig. 1  Study area of Ngu Chi Son, Vietnam
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landscape units and the precise table assessing erosion 
sensitivity values as a basis. The average number of param-
eters resulted from the appraisals of erosion due to factors 
including rainfall, slopes, soil horizons, mechanical com-
positions, and vegetation was employed as the sensitivity 
value of landscape units. The results of erosion sensitiv-
ity levels were displayed in five levels as follows: Level I 
(0–1 score): “very low” landscape sensitivity value; Level 
II (1–2 scores): “low” landscape sensitivity value; Level III 
(2–3 scores): “medium” landscape sensitivity value; Level 

IV (3–4 scores): “high” landscape sensitivity value; Level V 
(4–5 scores): “very high” landscape sensitivity value.

2.3.4  Step 4: The spatial orientation of reasonable resource 
usages and protecting the environment

As the foundation, the resultant appraisals of landscape 
erosion sensitivity and the structural characteristics 
of landscape units are integrated into proposing new 
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Fig. 2  Spatial analysis model assessing the sensitivity of mountainous landscape erosion
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cultivation formalities, reasonable resource usages, and 
future activities of protecting the environment.

3  Results and discussion

3.1  Structural characteristics of landscapes 
at the researched area

The application of a spatial analysis model, overlaying 
compositional maps, which consisted of geomorphic–ter-
rain map, slops map, soil map, annual average rainfall map, 
and vegetation map (Fig. 3), an overview map of landscape 
units at Ngu Chi Son commune was proposed with 20 soil 
horizons belonging to nine types of landscapes (Fig. 4).

Each type of landscapes possesses particular char-
acteristics in terms of terrain, slopes, rock, types of soil, 
soil horizons, mechanical compositions, and vegetation 
(Table 2). In the nine types of landscapes at the researched 
area, the landscape type of limestones accounted for the 
largest area (51,97%). Therefore, the impact area of lime-
stone corrosion was 2096.8 hectares, and the impact 
area of gravity slopes on limestone was 2167.2 hectares. 
Remarkably, the side attrition landscape on granite occu-
pied 2176.5 hectares and scattered at most parts of the 
researched territory. The abrasion type of landscapes had 
an area of 1536.2 hectares, and the area of erosive accre-
tion type was 1341.8 hectares. Besides, the total area of 
other landscape types (alluvial streams, valleys, old-growth 
forests, and rock mountains) was relatively insignificant. 
Exceptionally, primeval forests were the least occupant 
(72.1 hectares) as their distribution was only detected at 
the Western side of the commune. Besides, valleys (82.3 
hectares) are an original landscape of that the concentra-
tion was recorded alternately with floodplains at the sides 
and downstream sites of Can Ho and Suoi Thau streams. 
Mountains that are higher than 1500 m occupied 198.17 
hectares at the recording time and were only found 
around Ngu Chi Son mountainous region under the form 

of limestone mountains, high-sloping gravity sides, and 
thriving natural forests.

The analysis results of structural characteristics of 
landscapes at Ngu Chi Son commune are matching with 
previous studies [36, 38]. Nevertheless, in this study, the 
descriptions of local landscapes are more specific. Top-
ographic characteristics were classified into six levels 
in terms of topographic slopes (0–3; 3–8; 8–10; 10–15; 
15–20, and above 20 degrees). This classification resem-
bles many studies regarding the approach to landscape 
geomorphology [24, 25] and suits the attributes of Ngu 
Chi Son. The characteristics of soil were described follow-
ing the characteristics of soil horizon samples, types of 
soil, thickness, and mechanical compositions (FAO, 2006). 
According to the classification, there were six types of the 
thickness index (under 10; 10–30; 30–50; 50–70; 70–100; 
and above 100 cm) with the mechanical compositions 
ranging from “sandy” to “heavily meaty” [15]. Thickness 
levels and mechanical compositions were also the two 
parameters selected to determine landscape erosion sen-
sitivity. Besides, vegetation was also recorded according to 
the integration of realistic status and analysis results from 
vegetation maps.

3.1.1  The analysis results of landscape erosion sensitivity 
at the researched area

Applying the constructed spatial analysis model, study 
results and erosion sensitivity classification of Ngu Chi 
Son’s landscapes are exhibited spatially in Fig. 5, Fig. 6 and 
graphically in Table 3.

Table 3 and Fig. 5 show that the alluvial stream (type 1) 
and valley (type 2) landscapes, which are the ground-level 
terrain with a low slope and the primeval forest landscapes 
collectively share the “very low” level of erosion sensitiv-
ity. This assessment is analogous to that of other studies 
regarding the impact of topography and geomorphology 
on the landscapes of mountainous regions (Bahadur et al. 
2009; D’Arcy et al. 2014; Roda et al. 2017) as well as studies 
regarding the influence of vegetation cover on soil erosion 

Table 1  Criteria table assessing erosion sensitivity values of the landscapes at Ngu Chi Son commune

No Evaluation factor Unit Scores

0 1 2 3 4 5

1 Annual average rainfall mm  < 1000 1000–1250 1250–1500 1500–1750 1750- 2000  > 2000
2 Topographic slopes degrees 0–3 3–8 8–10 10–15 15–20  > 20
3 Thickness cm  > 100 70–100 50–70 30–50 10- 30  < 10
4 Mechanical composi-

tions
– Original stone

(a)
Heavily meaty
(b)

Meaty (c) Impuriti (d) Sandy mixed (e) Sandy (f )

5 Vegetation@(NDVI value) – Primary forest
(0.45–0.7)

Planted Forest
(0.28–0.45)

Rice field
(0.22–0.28)

Crops, milpa
(0.15–0.22)

Meadow wild plants
(0.078–0.15)

Empty ground
(−0.35–0.078)
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Fig. 3  Compositional maps 
of landscape in Ngu chi son 
commune a Geomorphic–ter-
rain map. b Slopes map. c Soil 
maps. d Annual average rain-
fall map. e vegetation map
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(Mogan 2005; Cunliffe et al. 2016; Tarolli et al. 2020). The 
total area of “very low” sensitivity regions was recorded at 
744.28 hectares, which accounted for 9.25% of the com-
mune’s area. Compared to the “very low” level area in 2018 
documented in a previous study, the number remarked a 
decrease of 912.4 hectares [38]. This fact results that the 
aggregation in assessing landscape erosion (Fig. 7) factors 
can clarify the limitations and be appropriate for practical 
landscape erosion indexes.

Landscapes with the “low” level of erosion sensitivity 
occupy a total area of 1885.00 hectares, which account 
for 33.41%. This type of landscapes distributes primarily 
at Deluvi colluvium terrains (Type 4A, 4B, and 4C) with a 
slope less than 10 degrees, 70–100 cm of thickness, and 
annual average rainfall less than 1500 mm. Some par-
ticular regions with a slope higher than 10 degrees (Type 
6A and 7C) jointly have the “low” level of erosion owing 
to vegetation, which are cultivated forests or secondary 

forests. In addition, artificial landscapes (Type 5A and 5B), 
which are feasible for cultivating on slopes and terraces, 
also belong to the “low” erosion sensitivity level due to the 
shale characterizing the area’s sample.

The erosion sensitivity of the “medium” level shares 
the most tremendous area of 2.906,01 hectares, which 
is 36% occupancy over the total area. This type of land-
scapes includes abrasion sides on granite (Type 5C and 
5D) and attrition sides on limestones (Type 6C, 7A, and 
7B) that have slopes ranging from 10 to 20 degrees and an 
annual average rainfall of 1500–2000 mm. Exceptionally, 
the erosion sensitivity of the type 8A of landscapes is also 
at the “medium” level though this type consists of high 
slopes and 2000 mm of average rainfall. The main reason 
is because of afforestation areas and a plentiful vegetation 
system. This statement has been mentioned in previous 
studies that examined the impact of vegetation cover on 
landscape erosion levels [36, 43].

Fig. 4  Landscape map of Ngu 
Chi Son commune
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The “high” level of erosion sensitivity consists of gravity 
sides with high ground and bushes as vegetation. Remark-
ably, the type 6B was assessed to be highly sensitive to 
erosion though this type has low slopes and thick soil 
horizons. This is due to the cover of bushes that is unable 
to resist erosion. The area of this sensitivity level is rela-
tively large with 25.78% accounted. In comparison with 
previous studies regarding soil erosion [39], it appears that 
the area of the “high” level is increasing dramatically. This 
result reflects the alteration of landscapes at mountainous 
regions in time because of artificial impacts, especially the 
ones that cause forests to decrease in terms of areas [8]. As 
a result, challenges in exploiting and sustainably utilizing 
mountainous landscapes emerge.

The “very high” level of erosion sensitivity, which was 
characterized as the ninth type landscape, is extant in 
an area of 440.45 hectares corresponding to 5.47%. This 
type of landscapes distributes on gravity sides with great 
slopes. Virtually, empty fields and limestone mountains 
are the occupants of the “very high” level areas. This also 
means human activities are unsuitable there.

Conclusively, compared to the determination of ero-
sion in accordance with the Universal Soil Loss Equation 
(USLE) (Wischmeir and Smith 1978), the approach of a 

spatial analysis model in assessing landscape erosion 
sensitivity is completely different. The resultant apprais-
als derived from the USLE are dependent distinctly on 
the erosion index of each erosion factor, whereas the 
spatial analysis offers the landscape erosion sensitiv-
ity levels based on the aggregation of erosion factors 
following each landscape unit. The model also inher-
its traditional evaluation methods such as the arith-
metic mean method [3], the utilization of landscape 
equilibrium indexes [9, 11], and the combination of 
GIS spatially analytical technology [43]. The obtained 
results regarding erosion assessments at Ngu Chi Son 
commune are accurately homogeneous to the realistic 
status of landscape erosion. Nevertheless, in order to 
assess mountainous landscape erosion on a large scale, 
it is required to construct an algorithm evaluating every 
single landscape factor based on different levels of cri-
teria. Nowadays, GIS software versions with open source 
codes are capable of meeting this requirement. This is 
also a new prospect for studies regarding the assess-
ment of mountainous landscapes.

Table 2  Structural characteristics of Ngu Chi Son’s landscapes

No Landscape type Characteristics of landscape units

Terrain form Slope
(deg)

Rock Types of soil Thick
-ness (cm)

Mechanical 
compositions

Vegetation
(NDVI value)

1 Alluvial stream 1 Mudflats 0–3 A-P Sa 50–70 b 0.22–0.28
2 Valleys 2 Valley 0–3 D-P Si 50–70 b 0.22–0.28
3 Old-growth forest 3 Forest 3–8 Limestone HLi 50–70 b 0.45–0.7
4 Colluvial deposits 4A Deluvi 8–10 Granite HGa  > 100 c 0.28–0.45

4B Deluvi 8–10 Granite HGa  > 100 c 00.22–0.28
4C Deluvi 8–10 Granite HGa  > 100 d 0.15–0.22

5 Abrasive erosion 5A Mountain 10–15 Granite HGa  > 100 d 0.078–0.15
5B Mountain 10–15 Granite HGa  > 100 d 0.15–0.22
5C Mountain 10–15 Shale HGa  > 100 d 0.45–0.7
5D Mountain 10–15 Shale HGa 70–100 c 0.28–0.45

6 Corrosion on granite 6A Mountain 10–15 Granite HGa 70–100 d 0.28–0.45
6B Mountain 10–15 Granite HGa 70–100 d 0.078–0.15
6C Mountain 10–15 Granite HGa 70–100 c 0.28–0.45

7 Corrosion on limestone 7A Mountain 15–20 Limestone HLi  > 100 d 0.28–0.45
7B Mountain 15–20 Limestone HLi  > 100 e 0.15–0.22
7C Mountain 15–20 Limestone HLi  > 100 d 0.28–0.45

8 Gravity slopes on limestone 8A Gravity slopes 15–20 Limestone Fe 30–50 d 0.28–0.45
8B Gravity slopes 15–20 Limestone Fe 30–50 e 0.078–0.15
8C Gravity slopes  > 20 Limestone Fe 10–30 e 0.15–0.22

9 Rock mountain 9 Slope mountain  > 20 Limestone HLi  < 10 f -0.35–0.078
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Fig. 5  Landscape erosion 
sensitivity map of Ngu Chi Son 
commune

Fig. 6  Landscape types erosion 
sensitivity chart of Ngu Chi Son 
commune
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3.2  Proposed orientations for the reasonable 
utilization of resources and protecting 
the environment at the researched area

Based on the assessment results regarding landscape ero-
sion sensitivity, these are the orientations recommended 
by the authors in order to regulate properly the utilization 
of natural resources and protecting the environment.

3.2.1  For landscape areas at the “very low” or “low” levels 
of sensitivity according to the assessments:

The cultivation of agricultural plants such as rice, vegeta-
bles, flowers, and fruit trees should be promoted in these 
areas as they are relatively flat. It is also possible to develop 
residential sites though measures preventing flash floods 
are essentially considerable. Concurrently, the Deluvi col-
luvium landscapes are believed to suit short-term plants, 
pharmaceutical herbs, flowers, and vegetables as well. 
In addition, for the primeval forest landscapes located at 
northern Hoang Lien national park, rigorous protective 
measures are crucial for preserving the natural ecology 
there.

3.2.2  For landscape areas at the “medium” level 
of sensitivity according to the assessments

The occupation of these areas was recorded to be the larg-
est with thick soil horizons. However, the average slope 
of these areas was significantly high and as a result suit-
able for afforestation following lines and the aggregation 
of forestry and agriculture as well. Cultivation techniques 
in accordance with contour lines are believed to take 

Table 3  Classification results of sensitivity levels of Ngu Chi Son’s 
landscapes

Erosion 
sensitivity 
levels

Area
(hectares)

Rate
(%)

Landscape type

Very low 744,82 9,25 (1); (2); (3)
Low 1.885,00 23,41 (4A); (4B); (4C); (5A); (5B); (6A); (7C)
Medium 2.906,01 36,09 (5C); (5D); (6C); (7A); (7B); (8A)
High 2.075,84 25,78 (6B); (8B); (8C)
Very high 440,45 5,47 (9)
Total 8052,125 100,0 20

Fig. 7  Some pictures of landscape erosion level of Ngu Chi Son commune
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advantage of this landscape’s potentials while still main-
taining environmental sustainability. On the other hand, 
in order to reduce the landslide of soil and rocks along the 
sides of mountains and hills, preventing negative conse-
quences for residents, it is necessary to proceed planting 
forests and cultivating terraces.

3.2.3  For landscape areas at the “high” or “very high” levels 
of sensitivity according to the assessments

These areas are potential in terms of space and expand-
able for afforestation of combining forests and pharma-
ceutical plants. However, it is required to be especially 
wary of artificial vegetation and ecological conditions 
for plants on lower floors. Additionally, it is necessary 
to notice the methods that locate and nurture forests 
on stone mountains. The combination of fruit trees and 
pharmaceutical plants under forest canopies is also rec-
ommended. Particularly, although the landscapes of 
the “very high” level were distributing merely at empty 
grounds and a few stone mountains, the development of 
natural vegetation therein should be promoted with the 
cultivation of upstream forests to preserve freshwater 
and restrict the expansion of erosion.

4  Conclusion

Ngu Chi Son is a typical mountainous region in Vietnam. 
This place has relatively complicated natural conditions 
and no concrete orientations for exploiting the territory 
according to landscape units so far. This study on the 
application of spatial analytical models that assess the 
sensitivity of landscape erosion at Ngu Chi Son has indi-
cated the erosion sensitivity levels based on landscape 
appraisals. Moreover, this is also a synthetic approach of 
research that integrated the GIS spatial analysis model, 
which resulted in a comprehensive prospect of land-
scape erosion. To be specific, the study results classified 
erosion sensitivity of Ngu Chi Son’s landscapes into five 
levels. It was also detected that the high level and very 
high level accounted dramatically for 31.25% over the 
total area. With the data of other levels, the views pro-
vided by the overall result of this study prove fundamen-
tal for the future paths of mountainous development. 
They are also believed to improve the utilization of natu-
ral landscapes in terms of using purposes and, further-
more, to sustain natural resources and the environment 
for proper exploitation. Those are also the reasons why 
this study should be applied in other mountainous com-
munes or even expanded the research scale to larger 
mountainous regions of Vietnam.
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